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Abstract 
 
 Epilepsy is a disease that affects around 50 million people around the world, and 

around 3.4 million adults in the US present active epilepsy, meaning they still suffer 

from seizures due to this condition. All these patients are at risk of Sudden Unexpected 

Death in Epilepsy (SUDEP), which is most likely to happen during sleep, as these 

seizures often go unnoticed by caretakers. There are a series of devices currently in the 

market ranging from bracelets to mattress pressure sensors that try to detect seizures, 

but often are inaccurate presenting many false positives, having a negative impact in 

the quality of sleep of caregivers and patients. Here, an open-source, minimally invasive 

system is presented that utilizes stereoscopic IR cameras along with several post-

processing techniques utilizing Fast Fourier Transforms and artificial intelligence to 

detect seizures with better accuracy focused on returning some of the lost quality of life 

of the patients.  
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1.0 Deliverable Description 

The Seizure Detection & Notification System (SDNS), as delivered today, has been            
iterated to complete and verify several system and subsystem requirements. The requirements            
verified for this iteration are: 

● SR 1.2 (Process in real-time): Fully Verified 
● SR 3.1 (Create and store log of events): Fully Verified 
● SR 3.2 (View the log on command): Partially Verified 

○ SSR 3.2.2 (Display log on app): Fully Verified 
○ SSR 3.2.3 (Export log on command): Fully Verified 

 
For a detailed description of the system requirements, refer to Doc 100,102 System             

Requirements Document. 
 
Hardware components stayed the same, consisting of the Mini PC and the RealSense             

D415 Camera. 
 
Software components have been updated. The method to detect seizures has been            

improved without changing the core functionality of the system. See changes in Doc 100,104              
Software Design Document. 

 
The communication aspects as well as the app have started development, with details also              

in Doc 100,104 Software Design Document.  
 
System Requirements to complete for FAR are as listed: 

● SR 1.3 (Seizure detection accuracy) 
○ SSR 1.3.3 (90% accuracy on seizure) 

● SR 1.4 (Time to detect seizure) 
○ SSR 1.4.1 (Time from start to detection by algorithm) 

● SR 2.1 (Alarm if seizure detected) 
○ SSR 2.1.1 (Send notification from mini pc to app) 
○ SSR 2.1.2 (Trigger alarm when notification arrives) 

● SR 2.2 (Wireless notification) 
○ SSR 2.2.1 (Notification over the internet) 

● SR 3.2 (View log on command) 
○ SSR 3.2.1 (Send entries as JSON to app) 
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2.0 SRVM 
The Latest SRVM is presented in Doc 100,307 for ease of viewing 

3.0 Configuration Management Plan 
This section contains a record of changes made to each document within the Technical Data               
Package (TDP). It also allows control over changes made to each document by requiring              
approval of the team to publish a major change. This document also lays out a standard of                 
naming and reference convention. Each document will be accompanied by a change control log. 

3.0.1 Classification of Changes  
A document change may fall into one of two categories: Class I or Class II. 
 
Class I changes are a change to the core functionality of the system, subsystem, and components.                
Examples include changing of a requirement to include stricter tolerances, and changing a parts              
drawing. An ECR must be performed and approved by the team lead, sponsor, and mentor before                
a new document version may be published and added to the TDP.  
 
Class II changes are those that only affect a small portion of the system. Examples include                
correcting a typo and rewriting the introduction paragraph of the Concept of Corporations to be               
more concise. These changes do not require an ECR.  

3.0.2 Nomenclature Revision Protocol  

 
Changes to document between releases must also be reflected in the revision number and specify               
what type. Class I changes causes the revision number to move one step forward through the                
alphabet while Class II changes add or increment a number after the letter. 
 

The result of a Class I change is a new document revision i.e. RevA to RevB. 
 

The result of a Class II change is a new revision number i.e. RevA to RevA1 to RevA2. 
 
On a new release of a document the revision number will move one step forward through the                 
alphabet if the document has been changed since the last release, even without class I changes,                
i.e. 

RevA to RevB or RevA2 to RevB. 
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3.0.3 Referencing Documents  
In the TDP documents will be referenced using the following format: 
Doc#-Abbreviation-Rev#-Date of last revision-Document title 
Where the “Document title” portion may be omitted when necessary. 
 
When referencing a specific section of a document, the title may be replaced with the paragraph                
number. For example: 
IDL# - V&A - RevA -  200121 - 9.0 
Where “9.0” refers to section 9.0 of the V&A document. 

4.0 TDP (Starts on Next Page) 
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1.0 Introduction and Scope 
 

The Seizure Detection & Notification System (SDNS) is a system that applies depth             
sensing cameras to generate depth maps and analyze for variability. Discussed in this document              
are the theories and algorithms that went into the inception of this project. Contained within this                
document are all the necessary components that comprise our build of our system and the               
requirements needed to potentially satisfy different variations of this build. This list of             
documents includes drawings, calculations and theory of the processes that went into this build. 
 

The Seizure Detection & Notification System (SDNS) is intended to detect the presence             
of a seizure. Upon detection, the system notifies a select list of subscribers of the event. A                 
Minimum Viable Product was presented on December 3rd, 2019. This system was built with the               
purpose of collecting clinical data from epileptic patients that present tonic-clonic type seizures.             
The reason for shaping the MVP towards this goal was to reduce the risk of not having enough                  
training examples for our Artificial Intelligence algorithms.  
 
 

1.1 Acronyms and Abbreviations 
 

In this section the acronyms, abbreviations and definitions of the current           
document and attached documents will be presented: 
 

● Accuracy: Average of percentage of seizures correctly classified and percentage of           
normal behavior correctly classified. 

● Alarm: Loud, noticeable sound emitted by the notification system to attract the            
caregiver’s attention once a seizure has been detected. 

● Alert: Data package sent from the notification system to the notification app on the              
subscribed user’s smartphone. 

● Artificial Intelligence (A.I.): the theory and development of computer systems able to            
perform tasks that normally require human intelligence, such as visual perception,           
speech recognition, decision-making, and translation between languages. 
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● Dark: Related to the environment the system will operate in, “dark” will be considered              
as a room with no light fixtures on and minimal external lighting coming from windows               
(curtains closed). 

● FIFO: First in, first out 
● Image: An optical appearance or counterpart produced by light or other radiation from an              

object reflected in a mirror, refracted through a lens or captured by an electronic device 
● Image Processing: Flow of events in which images are inputs which proceed to be              

analyzed by software to produce an output deciding if a seizure has occurred. 
● Positives: When the image processing system detects that a seizure is taking place. 
● QTY: Abbreviation of the word Quantity. 
● Rev: Abbreviation of the word Revision. 
● Room-Ambient Conditions: The system will operate in a setting similar to a bedroom             

with the weather conditions that are present at the time of operation, given a range of                
temperatures of 70 ± 3 °F 

● SDNS: Acronym for epileptic Seizure Detection and Notification System. 
● Seizure: Refers to a tonic-clonic seizure that lasts more than 30 seconds. Used because              

this type of seizure is the biggest risk-increasing factor for SUDEP (See applicable             
documents: “Proposal for A.I. Based Epileptic Sleep Seizures Detection and Notification           
System to Help Reduce Sudden Deaths”) 

● SUDEP: Sudden Unexpected Death in Epilepsy. 
● User: Any person that interacts with the system and/or system smartphone app interface. 
● Visible light: Light having wavelengths in the range of 400–700 nanometers (nm). 

 

1.3 Change Control 
This section contains a record of changes made to each document within the Technical Data               
Package (TDP). It also allows control over changes made to each document by requiring              
approval of the team to publish a major change. This document also lays out a standard of                 
naming and reference convention. Each document will be accompanied by a change control log. 

1.3.1 Classification of Changes  
A document change may fall into one of two categories: Class I or Class II. 
 
Class I changes are a change to the core functionality of the system, subsystem, and components.                
Examples include changing of a requirement to include stricter tolerances, and changing a parts              
drawing. An ECR must be performed and approved by the team lead, sponsor, and mentor before                
a new document version may be published and added to the TDP.  
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Class II changes are those that only affect a small portion of the system. Examples include                
correcting a typo and rewriting the introduction paragraph of the Concept of Corporations to be               
more concise. These changes do not require an ECR.  

1.3.2 Nomenclature Revision Protocol  

 
Changes to document between releases must also be reflected in the revision number and specify               
what type. Class I changes causes the revision number to move one step forward through the                
alphabet while Class II changes add or increment a number after the letter. 
 

The result of a Class I change is a new document revision i.e. RevA to RevB. 
 

The result of a Class II change is a new revision number i.e. RevA to RevA1 to RevA2. 
 
On a new release of a document the revision number will move one step forward through the                 
alphabet if the document has been changed since the last release. i.e. 
 

RevA to RevB or RevA2 to RevB. 

1.3.2 Referencing Documents  
In the TDP documents will be referenced using the following format: 
Doc#-Abbreviation-Rev#-Date of last revision-Document title 
Where the “Document title” portion may be omitted when necessary. 
 
When referencing a specific paragraph of a document the title may be replaced with the               
paragraph number. For example: 
IDL# - V&A - RevA -  200121 - 9.0 
Where “9.0” refers to paragraph 9.0 of the V&A document. 

2.0 System Overview 
 

2.1 System Block Diagram 
 

The system diagram, illustrated below, displays different components working         
together to accomplish the functions of the overall system. The system block diagram’s             
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purpose is to illustrate the interrelationships that exist within the system components and             
accomplish their respective sub-system’s function. 

 
Two external systems interact with the SDNS. The first system is the environment             

from which the Intel RealSense camera captures images and the second being the Wi-Fi              
network which facilitates communication with the wireless Smartphone device. 

 

 
 

2.2 System Architecture 
 

The system architecture, shown below, represents the subsystems and components          
that belong to our system of interest. Its purpose is to simplify a complex system into                
manageable subsystems that carry out a specific function. This hierarchical representation           
allows for scope management when testing at component and subsystem levels. 
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2.3 Subsystems 
 

The Seizure Detection & Notification System is comprised of three major subsystems            
that produce the required functions for the SDNS. The image capture subsystem captures             
images from the environment and relays the information to the image analysis subsystem.             
These two subsystems are housed separately but interconnected across data cables (USB 3.0).  

 
The image analysis subsystem entails of both hardware and software used primarily            

for processing images coming from the image capture subsystem. Through the analyzed            
images, the image analysis system produces flags indicating an event has taken place. The              
events discriminated by the SDNS are ongoing algorithms that are improving to detect             
seizures. These flags are relayed to the notification subsystem which generates a notification             
and transmits the notification data package over a wireless network to a wireless smartphone. 
 

The notification subsystem is also a hybrid of hardware and software. The two             
components that comprise this subsystem are a wireless smartphone and an application that             
will run on a wireless smartphone.  
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2.3.1 Image Capture Subsystem 
 

The image capture subsystem consists of a single Intel Realsense D415 Depth            
camera. The camera stands alone and is interfaced using a USB 3.0 connection. The camera,               
fully designed by Intel, uses a pair of depth sensors, an RGB sensor and an infrared projector.                 
For modelling purposes, the components contained in the Intel RealSense are not modelled             
individually. This subsystem feeds data to the image analysis subsystem for inferencing 
 

2.3.2 Image Analysis Subsystem 
 

The image analysis subsystem consists of an image processing algorithm, an Intel            
Neural Compute Stick 2 and a computer where the software will process the images. The               
data passes through the algorithms to create a decision (seizure or not seizure). The output               
goes to the notification subsystem 
 

2.3.3 Notification Subsystem 
 

The notification subsystem is comprised of a wireless smartphone capable of running            
applications on IOS and/or Android (TBD). The SDNS and smartphone are interfaced across             
a wireless Wi-Fi network where in case of receiving a positive verdict for a seizure, it will                 
trigger an alarm. 

 
 

3.0 Document Summaries 

3.1 Change Control Log | (001 - CCL - RevA - 200121) 
This document contains a list of all Class I and II changes made to the TDP, as well 

as the procedure for making these changes official. The document also includes nomenclature to 
be used when referencing documents. 

000 - TDP - RevA - 200121 - “Technical Data Package Wrapper” 



7 

3.2 Unsolicited Proposal | (100 - P- RevA - 200121) 
At the beginning of the project an initial agreement between Intel Corporation and             

2019-2020 Senior Design Team 19063 was made through this unsolicited proposal, for the team              
to design, build and deliver a system capable of detecting and alerting about seizures in epileptic                
patients during their sleep using video and artificial intelligence. This document defines the             
significance and need for the Seizure Detection and Notification System (SDNS), its functional             
requirements, statement of work, personnel, estimated cost, etc. 

3.3 Concept of Operations | (101 - ConOps- RevB - 200303) 
This document encompassess the key elements of the SDNS, including stakeholders,           

product history/background, system boundaries, environment, constraints, use and expected         
output. This is one of the first documents built for this system from a high-level perspective                
regarding its design. 

3.4 System Requirements Document | (102 - SRD- RevB - 200303) 
The SRD contains the requirements that specify the SNDS in terms of functionality,             

design and performance, as agreed by the personnel of the project. It contains functional, system               
and subsystem requirements, as well as a System Requirement Verification Matrix (SRVM) that             
details verification methods of the requirements.  

3.5 Risk Assessment | (103 - Risk- RevA - 200121) 

The document addresses risks considered for throughout this project’s lifecycle. In           
addition to the risks, visual representations of risk mitigation actions are included in this              
document. The risk that poses the biggest threat to this project is the accumulation of real data                 
used for the system’s algorithm training. 

3.6 Software Design Document | (104 - SDD - RevB - 200303) 
This document details the software used and created/adapted for both the MVP SDNS             

and final SDNS. It details the motion and seizure detection algorithms, the required libraries and               
components, and the system requirement traceability. 
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3.7 Assembly and Calibration Procedure | (200 - ACP - RevB - 200303) 
The Assembly and Calibration procedure document contains information regarding         

the assembly of the hardware of the MVP SDNS, as well as the appropriate placement of the                 
camera regarding the installation of the mount so that data collection can be successful. This               
document is meant to be mainly used by the clinical personnel in Colombia when installing a                
new system for data collection. 

3.8 Procedimiento de ensamble y calibración | (201 - ACP Esp. - RevA - 
200121) 

Same as previous document (5.7) but translated to Spanish for ease of use in clinics in                
Colombia 

3.9 Manual of Operation | (202 - MOP- RevA - 200121) 

This document was built with the purpose of detailing the operation of the MVP              
SDNS for the correct collection of the required clinical data, that will be used in the training of                  
the algorithms that rule the SDNS. It includes instructions about the initial setup, owering on the                
system and shutting it down correctly to prevent data corruption. 

 

3.10 Manual de Operacion | (203 - MOP Esp. - RevA - 200121) 

Same as document 5.9 but in Spanish for ease of use in the clinics in Colombia 

3.11 Verification and Acceptance Procedures | (204 - V&A - RevB -            
200303) 

This document includes detailed information about the methods by which the system            
requirements that encompass the SDNS must be verified. This are the same as listed in the                
System Requirements Document, and this document expands on it by listing the procedures,             
equipment, and pass/fail criteria for validating system requirements. 

3.12 Test Sheets | (205 - Test Sheets - RevB - 200303) 

This document complements the Verification and Acceptance Plan document by          
including all the pass/fail criteria that is necessary to validate the SDNS design. The document               
also serves for annotating the results after the design is complete. 
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3.13 Bill of Materials | (300 - BoM - RevB - 200303) 

The collection of all the materials (parts) relevant to the design of the SDNS. 

3.14 Drawing Package | (301 - DP - RevB - 200303) 

The Drawing Package Document is a collection of all purchased equipment utilized            
on the creation of SDNS. It includes the system assembly, as well as piece parts and drawings of                  
each subsystem and component level. 

3.15 Digital Data Package | (302 - DDP - RevB - 200303) 
No official Digital Data Package is included in this TDP. However, the code for the               

MVP can be found in the GitHub repository at: https://github.com/gordiedowns/UA-SDNS 

3.16 Image Analysis and Models | (303 - IAM- RevB - 200303) 
The Image Analysis and Models Document presents the ideas behind the SNDS in             

terms of the methods the system uses to analyze the incoming depth stream (image) to predict the                 
event of a tonic-clonic seizure. It also includes a throughput analysis to validate the choice of                
hardware, a timing analysis to validate the long periods of operation of the system as well as the                  
proposed time window to detect a seizure, and a memory analysis to once again, validate the                
choice of hardware.  

3.17 Investigational Protocol | (304 - IP - RevA - 200121) 

The investigational protocol is a document built with the exclusive purpose to be used              
for the clinical study that will greatly aid the construction of our algorithms, by gathering data                
from patients that present seizures due to epilepsy. It contains information about the MVP              
SDNS, the objectives of the study, methods, resources and schedule to be processed by              
investigational and ethics committees in a variety of colombian clinics for the approval of the               
study.  

3.18 Protocolo de investigación | (305 - IP Esp. - RevA - 200121) 
Same as document 5.17 but in Spanish for ease of use in the clinics in Colombia. 
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3.19 Informed Consent | (306) - IC - RevA - 200303) 
Document outlining that the consents to data being collected from them. 

3.20 SVRM | (307 -SVRM -RevA - 200303) 
Outlines all requirements, the needed value, the tolerances, who tested it and whether the test 
was passed. 

3.21 Indentured Document List (IDL - RevB - 200303) 
Contains a list of all documents, their reference number, and current revision. 
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4.0 Appendix 

4.1 Change Control Log | (001 - CCL - RevA - 200121) 

4.2 Unsolicited Proposal | (100 - P- RevA - 200121) 

4.3 Concept of Operations | (101 - ConOps- RevB - 200303) 

4.4 System Requirements Document | (102 - SRD- RevB - 200303) 

4.5 Risk Assessment | (103 - Risk- RevA - 200121) 

4.6 Software Design Document | (104 - SDD - RevB - 200303) 

4.7 Assembly and Calibration Procedure | (200 - ACP - RevB - 200303) 

4.8 Procedimiento de ensamble y calibración | (201 - ACP Esp. - RevA - 
200121) 

4.9 Manual of Operation | (202 - MOP- RevA - 200121) 

4.10 Manual de Operacion | (203 - MOP Esp. - RevA - 200121) 

4.11 Verification and Acceptance Procedures | (204 - V&A - RevB -            
200303) 

4.12 Test Sheets | (205 - Test Sheets - RevB - 200303) 

4.13 Bill of Materials | (300 - BoM - RevB - 200303) 
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4.14 Drawing Package | (301 - DP - RevB - 200303) 

4.15 Digital Data Package | (302 - DDP - RevA - 200121) 

4.16 Image Analysis and Models | (303 - IAM- RevB - 200303) 

4.17 Investigational Protocol | (304 - IP - RevA - 200121) 

4.18 Protocolo de investigación | (305 - IP Esp. - RevA - 200121) 

4.19 Informed Consent | (306) - IC - RevA - 200303) 

4.20 SVRM | (307 -SVRM -RevA - 200303) 

4.21 Indentured Document List (IDL - RevB - 200303) 

5.0 Notes 
Oahn Tran and James McDowell were involved in work done on the project before the 01/21/2020 release 
of this document. Their names may appear in documentation from before this date, but they are no longer 
affiliated with Team 19063. 
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000000063ISR Verification Sheet.xlsx: Matrix

ISR Requirements Verification Matrix 100,102 RevB
03/03/2020 Final for Rev
Based: ISR Delivery

Requirement # Requirement Title Verification 
Method

Required
Value

Units Oper-
ation

Actual
Value

Pass/
Fail

Margin First 
Verification

UA Document Reference Deliverable Assignee Verification Description Notes

SR1.1 Image Requirement Test 16, 40 FPS >, < 30.01 Pass N/A CDR Doc 100,102 CDR AO & GD Test if system captures images in a 
certain format and framerate

SSR1.1.1 RGB Image Resolution Inspection 480x640 pixels = 480x640 Pass 0 CDR Doc 100,102 CDR AO & GD Inspect Resolution of RGB
SSR1.1.2 RGB Image FPS Test 16, 40 FPS >, < 30.01 Pass N/A CDR Doc 100,102 CDR AO & GD Test framerate of RGB
SSR1.1.3 Depth Image Resolution Inspection 480x640 pixels >= 720x1280 Pass 240X640 CDR Doc 100,102 CDR AO & GD Inspect Resolution of Depth Images
SSR1.1.4 Depth Image Rate Test 16, 40 FPS >, < 30.01 Pass N/A CDR Doc 100,102 CDR AO & GD Test framerate of Depth Images

SSR1.1.5 Save Images Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO & GD Inspect if images are saved to the 
system at least temporarily

SR1.2 Image Processing Test 16 FPS >= 61.41 Pass N/A ISR Doc 100,102 ISR AO Test if system processes images 
above desired rate

SSR1.2.1 Motion Rate Test 16 FPS >= 61.41 Pass 45.41 CDR Doc 100,102 CDR AO & GD Test if motion is processed above 
desired framerate

SSR1.2.2 Seizure Rate Test 16 FPS >= 71.77 Pass 55.77 ISR Doc 100,102 ISR AO Test if seizures are detected above 
desired framerate

SR1.3 Detection Accuracy Test/Analysis 90 % >= FAR Doc 100,102 FAR Test if seizures are detected above 
desired accuracy

SSR1.3.1 Capture to Analysis Inspection 10 Yes = 10 Pass 0 CDR Doc 100,102 CDR AO & GD Test if data is coming from camera 
sensor

SSR1.3.2 Bedsheet Test 10 Yes = 10 Pass 0 CDR Doc 100,102 CDR AO & GD Test if motion is detected below a 
bedsheet

SSR1.3.3 Accuracy Test 90 % => FAR Doc 100,102 FAR Test if seizures are detected above 
desired accuracy

SR1.4 Seizure Detection Test 10 Seconds <= FAR Doc 100,102 FAR Test if seizure detection is faster than 
desired time

SSR1.4.1 Seizure Timing Test 10 Seconds <= FAR Doc 100,102 FAR Test if algorithm can detect seizures 
under specified time

SR1.5 Conditions Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO Test and inspect if the system can 
operate in desired conditions

SSR1.5.1 Low Light Test 10 Yes = 10 Pass 0 CDR Doc 100,102 CDR AO Test if system detects relevant data in 
low light environments

SSR1.5.2 Image Capture Room 
Ambient

Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO Inspect if components tolarate 
temperature range

SSR1.5.3 Image Analysis Room 
Ambient

Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO Inspect if components tolarate 
temperature range

SR2.1 Alarm Test 10 Yes = FAR Doc 100,102 FAR Test if alarm sounds when seizure is 
detected

SSR2.1.1 Notif Send Test 10 Yes = ISR Doc 100,102 ISR JG Test if notification is sent and 
received

SSR2.1.2 Notif to Alarm Test 10 Yes = FAR Doc 100,102 FAR Test if notification triggers alarm

SR2.2 Wireless Test 10 Yes = ISR Doc 100,102 ISR JG Test if data is sent wirelessly over the 
internet

SSR2.2.1 Send over Internet Test 10 Yes = ISR Doc 100,102 ISR JG Test if packet is sent over internet to 
app in smartphone

SR2.3 Notif Timing Test 5 Seconds <= FAR Doc 100,102 FAR Test if notifications arrive within 5 
seconds of detecting seizures

SSR2.3.1 Notif Timing Test 5 Seconds <= FAR Doc 100,102 FAR Test if alarm triggers within 5 seconds 
of seizure being detected

SR3.1 Keep Log Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect if log is being stored

SSR3.1.1 Create and keep log 
FIFO

Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect if log is created, stored and 
manages FIFO fashion

SR3.2 View Log Inspection TRUE Boolean = N/A ISR Doc 100,102 ISR LB Inspect if log is visible and exportable

SSR3.2.1 Send entries as JSON Inspection TRUE Boolean = N/A FAR Doc 100,102 FAR LB Inspect that entries are sent in JSON 
format

SSR3.2.2 Display Log Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect that log can be seen on screen 
from the app

SSR3.2.3 Export Log Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect that the log can be exported 
as a .txt



 











YY soiedhoa.nu Gm
Mone Kaha 2





 

 
 

THE UNIVERSITY OF ARIZONA 
 

Concept of Operations-RevB 
 
 

 
 
 
 
 
 
 
 
 
 

 

AI BASED EPILEPTIC SLEEP SEIZURE DETECTION 
AND NOTIFICATION SYSTEM TO HELP REDUCE 

SUDDEN DEATHS 
 
 
 
 
 
 
 
 
 
 

Sponsor Company: Intel Corporation 
Sponsors: Iwan Grau,  

Palanivel Guruvareddiar 
Mentor: Cathy Merril, Claude Merril 

Team Number: 19063 
Team Members:   Alejandro Ortega 

Gordon Downs 
Juan Gastélum 

K. Humberto Lopez Felix 
Louis Bertani 

 

 



 

 

Concept of Operations - Change Control Log 

Doc# Rev Description Class Revision Date 

101 Initial Release - RevA 200121 

101 
1.0 Introduction and 6.0 System Constraints: 
Added USA to country list for clinical trials II RevA1 200303 

101 
7.0 System Use: 
Added open-source community alternative II RevA2 200303 

101 

8.0 Expected Output Subsection: 
Added: “as well as logs information about the 
seizure to the patient’s database, located within the 
app” II RevA3 200303 

101 

8.0 Expected Output Subsection: 
Changed: “notification to the patient’s family 
member” to “notification to the patient’s caregiver” II RevA4 200303 

101 
8.0 Expected Output Subsection: 
Added: “and logs information recorded in the app” II RevA5 200303 

101 ISR Release - RevB 200303 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

101 - ConOps - RevB - ” Concept of Operations” 



 

 
Table of Contents 

1.0 Introduction 1 

2.0 Stakeholders 1 

3.0 Product History / Background 1 

4.0 System Boundaries 2 

5.0 System Environment 2 

6.0 System Constraints 3 

7.0 System Use 3 

8.0 Expected Output 4 

9.0 Appendix 5 
9.1 Works Cited 5 

 

101 - ConOps - RevB - ” Concept of Operations” 



1 

1.0 Introduction  
 
Epilepsy affects approximately 1.2% of the United States population, which translates to 65             

million people worldwide (CDC). The disease manifests itself in a variety of ways, most of               
which result in an involuntary jerking of body extremities, or epileptic seizures. Unfortunately,             
there are many risks associated with epileptic episodes which may result in SUDEP (Sudden              
Unexpected Death in Epilepsy) or injury. This leads us to our objective: to engineer a system that                 
detects epileptic episodes using real-time edge AI inferencing. The system shall accurately detect             
a seizure and notify caregivers so that they can give the necessary attention to the person with                 
epilepsy (the patient). It is believed that comforting an individual during and after a seizure can                
help reduce the rate of SUDEP during sleep. 

 
During the design process, it became abundantly clear real training data would be needed to               

provide a functioning system. The team was afforded an excellent opportunity to go to a clinical                
trial in Colombia and USA to collect data. This caused a pivot in design:focusing on creating a                 
product that could be shipped to Colombia and send back seizure data, as well as being used in                  
the USA. This was a slight deviation from the original plan, but allows the team to collect                 
irreplaceable data it otherwise would not have access to. 

 

2.0 Stakeholders 
 

● Team 19063 
● University of Arizona 
● Mentor Cathy Merril 
● Sponsor Iwan Grau 
● Sponsor Palanivel Guruvareddier 
● People who suffer from epileptic seizures and their families 
● Medical professionals (nurses, doctors, etc.) 
 

3.0 Product History / Background 
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There are already some products that attempt to alert caregivers of sleep seizures, but none               
do it in a way our sponsor has found satisfactory. Our sponsor has tested both camera and                 
wearable options. Wearables work well to monitor certain vital signs, but when used alone leave               
a lot of room for error, such as power/connection outage, poor patient compliance, and false               
positives, among other problems. Cameras are believed to be ideal because they can be mounted               
above the patient’s bed, allowing the patient to be monitored without having nightly setup              
procedures or wearing uncomfortable devices. However, the cameras currently on the market are             
inaccurate because they do not process the video well, and they are also expensive. Our system                
looks to improve on the current options available on the market by using cameras with AI to                 
process video so that a caregiver can be notified quickly after the seizure starts and with a                 
minimum of false positives, all without being physically uncomfortable to patients. 

Taking these measures into consideration, our expectation of our system is that it will detect               
a seizure with better accuracy and in a smaller time frame than the current existing systems, for                 
the benefit of the people who suffer from epilepsy, attempting to avoid SUDEP. 
  

4.0 System Boundaries 
 

Interfaces: 
Camera (interfaces with the environment) 
App (interfaces with the user) 
Power Supply (interfaces with hardware device) 

  

5.0 System Environment 
 

The system will operate in a typical bedroom. It will be designed to operate indoors in typical                 
room temperature conditions. It will be able to operate in a low-light environment so as not to                 
disturb the sleep of the patient. There will almost always be a bedsheet between the camera and                 
the patient.  

The app portion of the system will be developed using a native programming platform so that                
it can operate on both Android and Apple phones. 
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6.0 System Constraints 
 

A major constraint for our project is acquiring video to train our neural network on. Videos                
of individuals having seizures during sleep are not readily available, so we will more than likely                
have to obtain or generate them ourselves. This has led us to a change in the first deliverable.                  
The team has reached an agreement to conduct a clinical trial with epilectic patients in Colombia                
and the USA. The trial consists of setting up a version of our system where instead of detecting                  
seizures the goal is to collect video data of seizures. This will be accomplished by using a                 
mini-computer running the Image Capture and Image Analysis subsystems to record video of             
actual patients with epilepsy. 

 
Another constraint on the system will be to make it cost effective so that people who have                 

epilepsy can have access to it. Compromises have been made on this front to ensure reliability                
and functionality over a lower cost. Making the project open source would provide users with the                
foundation of the system, but differences in components could ultimately have an unforeseen             
impact on the reliability and accuracy of our system. 

 
The system is also constrained to not affect the quality of life of the patient. This constraint                 

deters us from approaching this method using possibly uncomfortable wearables and other            
devices that may interfere with the user’s quality of life. This limitation narrows down the               
approaches taken towards the design of the system and is open for interpretation as to what                
negatively impacts the quality of life. 

 
We will also be constrained by computing power at the edge. Processing video is extremely               

computationally expensive, and having enough computational power to do it at the source,             
without using cloud computing, will be paramount to our success. 

  

7.0 System Use 
 

The system will consist of a number of cameras and a mini-computer that will be mounted on                 
top of the bed of the patient, looking downwards. The system will be connected to the                
caregiver’s phone wirelessly. The system will constantly monitor the patient as they sleep, and in               
the event of a seizure, the system will detect it and quickly notify the caregiver. The users are                  
caregivers who will allow the patient to sleep in a private room, and will set up the monitoring                  
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system and interface with the phone app, to have the device give a loud notification in case a                  
seizure is detected. 

The timeline of the system’s use starts with the system turning on. Then, the camera will start                 
monitoring up to one person in its field of view. If there is no person in its field of view, the                     
system waits for a person to enter its field of view. Once a person is in the camera’s field of                    
view, the system monitors the person for seizures. Nominally, if the patient starts having a               
seizure, the system detects the seizure, alerts the caregiver via the caregiver’s smartphone app,              
and logs information about the seizure to the patient’s database. The caregiver can then attend to                
the patient during the seizure, thereby reducing the chance of SUDEP. 

In case of off-nominal events, the system might provide a false-positive, in which case the               
caregiver would be wrongly notified and would find the patient not having a seizure. In a very                 
bad scenario, the system would fail to detect a seizure and the caregiver would only find out                 
about the seizure after it has ended and the patient can alert the caregiver. 

Additionally, it is possible that the system fails and the monitoring device turns off while it is                 
being used. If it turns off, the caregiver will be notified. However, if the system fails to notify the                   
caregiver that the monitoring device has turned off, the caregiver again might not find out about                
a seizure until after it has happened. 

Furthermore, if the camera’s view of the patient’s bed is obstructed or it is turned to face                 
away from the patient’s bed, the system cannot detect seizures. 

On the other hand, the open-source community can utilize the system to further improve it,               
by being able to access the algorithms, and provide additional training data so that the system                
can continue to grow and benefit the epileptic community. 
 

8.0 Expected Output 
 

Expected output is a notification to the patient’s caregiver via smartphone app that a seizure               
was detected as well as logs information about the seizure to the patient’s database, located               
within the app. 

The sponsor will validate the system by observing an experiment where one of the team               
members lies in a bed under a sheet with the hardware system set up next to the bed. The                   
notification system will interact with a smartphone that the sponsor can hold in his hand during                
the experiment. First, the team member will mimic sleeping by sometimes lying still and some               
times performing normal sleep behaviors such as tossing and turning. Good system behavior             
during this part of the experiment is no notification on the smartphone. Next, the team member                
will mimic a seizure by moving in a way similar to what is seen in videos of seizures. Good                   
system behavior during this part of the experiment is a notification on the smartphone, and logs                
information recorded in the app. 
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Additionally, the sponsor will look at the training and testing errors of the seizure detection               
AI model and confirm that those figures are acceptably low. 

9.0 Appendix 

9.1 Works Cited 
 

Epilepsy Fast Facts. Centers for Disease Control & Prevention. 21 July 2018.            
https://www.cdc.gov/epilepsy/about/fast-facts.htm. Accessed 10 Sep. 2019. 
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1.0 Introduction and Scope 
 

This document contains the system requirements for an epileptic Seizure Detection and            
Notification System (SDNS) for Intel Corporation. Intel is a multinational corporation and            
technology company headquartered in Santa Clara, California, in Silicon Valley.  
 

The SDNS detects seizures (specifically tonic-clonic seizures) by capturing and analyzing           
video of a patient in bed. When a seizure occurs, the SDNS notifies caregivers. The SDNS is a                  
low-cost and open-source, yet smart and reliable, working prototype that will process video             
accurately and notify precisely using an AI-based analysis and notification system in a dark,              
room-ambient environment. Once set up and calibrated, the SDNS performs with at least 90%              
accuracy and notifies caregivers within 10 seconds of the seizure being detected. 
 

2.0 Applicable Documents 
 

Proposal for A.I. Based Epileptic Sleep Seizures Detection and Notification System to            
Help Reduce Sudden Deaths, Ortega, Downs, Gastelum, Lopez-Felix, Bertan, Tran, 2019. 
 

3.0 Definitions, Acronyms, and Abbreviations 
 

● Accuracy: Average of percentage of seizures correctly classified ( ) and        TP
TP+FN   

percentage of normal behavior correctly classified ( ).TN
TN+FP  

● TP: True Positives. Events labeled as seizures correctly detected as seizures by the             
system 

● TN: True Negatives. Events labeled as non-seizure correctly detected as non-seizures by            
the system 

● FP: False Positives. Events labeled as non-seizure incorrectly detected as seizures by the             
system 

● FN: False Negatives. Events labeled as seizures incorrectly detected as non-seizures by            
the system 

● Alarm: Loud, noticeable sound emitted by the notification system to attract the            
caregiver’s attention once a seizure has been detected. 

● Alert: Data package sent from the notification system to the notification app on the              
subscribed user’s smartphone. 
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● Artificial Intelligence (A.I.): the theory and development of computer systems able to            
perform tasks that normally require human intelligence, such as visual perception, speech            
recognition, decision-making, and translation between languages. 

● Dark: Related to the environment the system will operate in, “dark” will be considered              
as a room with no light fixtures on and minimal external lighting coming from windows               
(curtains closed). 

● Image: An optical appearance or counterpart produced by light or other radiation from an              
object reflected in a mirror, refracted through a lens or captured by an electronic device 

● Image Processing: Flow of events in which images are inputs which proceed to be              
analyzed by software to produce an output deciding if a seizure has occurred. 

● Positives: When the image processing system detects that a seizure is taking place. 
● Room-Ambient Conditions: The system will operate in a setting similar to a bedroom             

with the weather conditions that are present at the time of operation, given a range of                
temperatures of 70 ± 3  °F 

● SDNS: Acronym for epileptic Seizure Detection and Notification System. 
● Seizure: Refers to a tonic-clonic seizure that lasts more than 30 seconds . Used because               

this type of seizure is the biggest risk-increasing factor for SUDEP (See applicable             
documents). The seizure must occur in bed under the watch of the system. 

● SUDEP: Sudden Unexpected Death in Epilepsy. 
● User: Any person that interacts with the system and/or system smartphone app interface. 

 

4.0 Requirements 
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Depicted above are the communication links between subsystems. The system begins by            

receiving image input from a set of video cameras. The raw image data captured by these                

cameras is delivered to the image analysis subsystem which processes and discriminates the             

input from the cameras in real-time. Upon detection of a seizure event, the image analysis               

subsystem sends a notification data package to a subscribed caregiver and an alarm is triggered               

in the caregiver's smartphone. 

 

System Requirements: 

FR1: The system shall detect a seizure. 

SR1.1: The system shall capture images at rate above 16 frames per second and not               

exceeding 40 frames per second. 

SSR1.1.1: The system shall capture RGB images at a resolution of at least 640 by               

480 pixels. 

SSR1.1.2: The system shall capture RGB images at a rate of at least 16 frames per                

second not exceeding 40 frames per second. 

SSR1.1.3: The system shall capture a depth map at a resolution of at least 640 by                

480 pixels. 

SR1.1.4: The system shall capture a depth map at a rate at least 16 frames per                

second not exceeding 40 frames per second.  

SSR1.1.5: The system shall be able to save the images captured.  

SR1.2: The system shall perform steady-state processing at rate of at least 16 frames per               

second. 

SSR1.2.1: The image analysis subsystem shall perform motion detection         

algorithm at a rate of at least 16 frames per second. 

SSR1.2.2: The image analysis subsystem shall perform seizure detection         

algorithm at a rate of at least 16 frames per second. 

 

SR1.3: The system shall detect a seizure with at least 90 percent accuracy. 
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SSR1.3.1: The image analysis subsystem shall analyze video data from the image            

capture subsystem. 

SSR1.3.2: The image analysis subsystem shall detect motion longer than 1 second            

through a bedsheet. 

SSR1.3.3: The image analysis subsystem shall detect a seizure with 90% accuracy 

SR1.4: The system shall detect a seizure within 10 seconds of the clonic phase starting. 

SSR1.4.1: The image analysis subsystem shall detect a seizure within 10 seconds            

of the clonic phase starting. 

SR1.5: The system shall operate in dark, room-ambient conditions. 

SSR1.5.1: The system shall be able to gather relevant data in low light conditions. 

SSR1.5.2: The Image Capture subsystem shall operate in room ambient          

conditions. 

SSR1.5.3: The Image Analysis subsystem shall operate in room ambient          

conditions. 

 

FR2: The system shall notify the caregivers when the patient has a seizure. 

SR2.1: The system shall trigger an alarm whenever a seizure is detected. 

SSR2.1.1: The image analysis subsystem shall send a data packet to the            

notification subsystem. 

SSR2.1.2: The notification subsystem shall trigger an alarm after receiving a data            

packet from the image analysis subsystem. 

SR2.2: The system shall deliver alerts to the caregivers' smartphone wirelessly. 

SSR2.2.1: The image analysis subsystem shall send a data packet to the            

notification subsystem over the internet.  

SR2.3: The alarm shall trigger within 5 seconds of a seizure detection. 

SSR2.3.1: The notification subsystem shall receive a data packet that triggers an            

alarm within 5 seconds of the the image analysis subsystem detecting a seizure. 
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FR3: The system shall provide information for medical providers. 

SR3.1: The system shall keep a log file that contains a running list of up to 1,000 times at                   

which seizures were detected by the system. 

SSR3.1.1: The notification subsystem shall create and store a log (database)           

working in FIFO fashion, containing information about time and date of detected            

seizures. 

 

SR3.2: The system shall output the log file on command. 

SSR3.2.1: The image analysis subsystem shall send entries to the log as JSON             

files to the notification subsystem. 

SSR3.2.2: The notification subsystem shall open the log and display it on the             

smartphone’s screen. 

SSR3.2.3: The notification subsystem shall allow the user to export the log as a              

.txt file through the smartphone app. 

 

5.0 Verification Requirements 
 
5.1 FR1: The system shall detect a seizure. 

5.1.1: SR1.1: System requirement SR1.1 shall be verified in part by test and in part by the                 
fulfillment of any child requirements belonging to it. It will be tested by running the               
Image Capture Subsystem and reporting the number of frames captured per second. 

5.1.1.1: SSR1.1.1: Subsystem requirement SSR1.1.1 shall be verified by         
inspection. The Image Capture subsystem includes code that prints the resolution           
of the RGB image capture which will be used to verify the requirement. 
 
5.1.1.2: SSR1.1.2: Subsystem requirement SSR1.1.2 shall be verified by test. The           
test shall consist of running the Image Capture subsystem and calculating the            
number of RGB frames recorded to ensure it falls between 16 and 40 FPS. 
 
5.1.1.3: SSR1.1.3: Subsystem requirement SSR1.1.3 shall be verified by         
inspection. The Image Capture subsystem includes code that prints the resolution           
of the depth map which will be used to verify the requirement. 
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5.1.1.4: SSR1.1.4: Subsystem requirement SSR1.1.4 shall be verified by test. The           
test shall consist of running the Image Capture subsystem and calculating the            
number of depth map frames recorded to ensure it falls between 16 and 40 FPS. 
 
5.1.1.4: SSR1.1.5: Subsystem requirement SSR1.1.5 shall be verified by         
inspection. The system will be inspected to ensure that the data captured can be              
saved when needed. 

5.1.2: SR1.2: System requirement SR1.2 shall be verified by test and analysis and in part               
by the fulfillment of any child requirements belonging to it. Analysis will consist of              
modeling system behavior and calculating the amount of storage and processing power            
needed to complete steady-state processing. Testing will consist of running the system as             
intended to see how it performs. 

5.1.2.1: SSR1.2.1: Subsystem requirement SSR1.2.1 shall be verified by test. The           
test shall consist of using the image analysis subsystem to run the motion             
detection algorithm on data containing motion and outputting the number of           
frames analyzed per second.  

5.1.2.2: SSR1.2.2: Subsystem requirement SSR1.2.2 shall be verified by test. The           
test shall consist of using the image analysis subsystem to run the seizure             
detection algorithm on data that triggers the algorithm and outputting the number            
of frames analyzed per second.  

5.1.3: SR1.3: System requirement SR1.3 shall be verified by test. The test consists of              
running a testing set on the system containing seizures. The test is passed if the accuracy                
of the system is greater than 90%. The training set emulates the image capture              
subsystem’s tasks. 

 
5.1.3.1: SSR1.3.1: Subsystem requirement SSR1.3.1 shall be verified by test. The           
test will integrate the Image Capture and Image Analysis subsystems determine if            
data being passed from the Image Capture to the Image Analysis contains motion. 
 
5.1.3.2: SSR1.3.2: Subsystem requirement SSR1.3.2 shall be verified by test. The           
test will integrate the Image Capture and Image Analysis subsystems. They will            
capture data of a test subject moving under a bed sheet. The system shall detect if                
there is motion in the data collected. 
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5.1.3.3: SSR1.3.3: Subsystem requirement SSR1.3.3 shall be verified by test. The           
test will integrate the Image Capture and Image Analysis subsystems. A test set             
containing seizure and non-seizure motion will be used, and the number of TP’s,             
TN’s, FP’s and FN’s will be recorded (See 3.0 for definitions). 

 
5.1.4: SR1.4: System requirement SR1.4 shall be verified by test and in part by the               
fulfillment of any child requirements belonging to it. Test shall consist of giving the              
system data containing known seizure start times, recording when a seizure is detected,             
and comparing that time to the known start time. 

5.1.4.1: SSR1.4.1: Subsystem requirement SSR1.4.1 shall be verified by test. The           
test will integrate the Image Analysis subsystem. A training set containing seizure            
videos will be used. The time from the start of the clonic phase and the time to                 
detect the seizure will be recorded. The test is passed if 9/10 detection times are               
below the requirement. 

 

5.1.5: SR1.5:  

System requirement SR1.5 shall be verified by test and in part by the fulfillment of any                
child requirements belonging to it. The test shall consist of operating the system at the               
low, middle, and high end of the ambient temperature range, all in the dark. The system                
passes if a person can be detected at the given temperatures. The system fails if it cannot                 
operate at the given temperatures. 

5.1.5.1: SSR1.5.1: Subsystem requirement SSR1.5.1 shall be verified by test. The           
test includes setting up the image capture and image analysis subsystems, in the             
dark, and having within the field of view of the camera. The test is passed if the                 
subsystems can gather information about the person (motion/no motion &          
seizure/non-seizure).  
 
5.1.5.2: SSR1.5.2: Subsystem requirement SSR1.5.2 shall be verified by         
inspection of the data sheet of the camera to ensure compliance with operating             
temperatures. 
 
5.1.5.3: SSR1.5.3: Subsystem requirement SSR1.5.3 shall be verified by         
inspection of the data sheet of the Mini PC to ensure compliance with operating              
temperatures. 
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5.2 FR2: 

5.2.1: SR2.1:  

System requirement SR2.1 shall be verified by test. The test shall be manually triggering              
“detection” (such as by pressing a button on the computer) to simulate the system              
detecting a seizure. If an alarm is triggered, the system passes. If an alarm is not                
triggered, the system fails. 

5.2.1.1: SSR2.1.1: Subsystem requirement SSR2.1.1 shall be verified by test. The           
test consists of setting up the image analysis subsystem in a way that will send a                
data packet on command to the notification subsystem. If the packet is sent             
successfully, the requirement is verified. 
5.2.1.2: SSR2.1.2: Subsystem requirement SSR2.1.2 shall be verified by test. The           
test consists of setting up the notification subsystem such as when it detects the              
arrival of a specific (seizure detected) data packet, it shall trigger an alarm on the               
smartphone. If the alarm is triggered, the requirement is verified 

5.2.2: SR2.2:  

System requirement SR2.2 shall be verified by test. The inspection shall be checked to              
make sure the processing computer is connected to a wireless network and is able to send                
the alert effectively. The system passes if the Verification of SR 2.1 also helps verify this                
requirement 

5.2.2.1: SSR2.2.1: Subsystem requirement 2.2.1 shall be verified by test. The test            
shall consist on manually triggering detection of a seizure, so that the image             
analysis subsystem sends a notification packet over the internet  

5.2.3: SR2.3:  

System requirement SR2.3 shall be verified by test. The test shall be manually triggering              
“detection” (such as by pressing a button on the computer) to simulate the system              
detecting a seizure. The system passes if the time between seizure detection and the alarm               
is 5 seconds or less. The system fails if the time between seizure detection and the alarm                 
is greater than 5 seconds. 

5.2.3.1: SSR2.3.1: Subsystem requirement 2.3.1 shall be verified by test. The test            
shall consist of manually triggering detection of a seizure, and measuring the time             
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between seizure detection and alarm. If all times are under 5 seconds, the test is               
complete 

 

5.3 FR3:  The system shall provide information for medical providers. 

5.3.1: SR3.1:  

System requirement SR3.1 shall be verified by test. The test shall be manually triggering              
“detection” (such as by pressing a button on the computer) to simulate the system              
detecting a seizure. The time that the detection was triggered will be compared to the log                
file. If the time of the seizure being triggered was recorded in the log (accurate within one                 
minute), the system passes. Otherwise, the system fails. 

5.3.1.1: SSR3.1.1: Subsystem requirement 3.1.1 shall be verified by inspection.          
The inspection consists in detailing the operation of the app, by adding entries and              
checking that the database is stored by the app on the smartphone, that the entries               
have time and date of detected seizures, and that when over 1000 entries, the              
database behaves in a FIFO fashion. 

 

5.3.2: SR3.2:  

System requirement SR3.2 will be verified by inspection. The inspection shall be            
accessing logs on command.  

5.3.2.1: SSR3.2.1: Subsystem requirement 3.2.1 shall be verified by inspection.          
The inspection consists in looking at the format of the files sent from the image               
analysis subsystem to the notification subsystem. If the files are JSON, the            
requirement is verified. 
5.3.2.2: SSR3.2.2: Subsystem requirement 3.2.2 shall be verified by inspection.          
The inspection consists in interacting with the app to open and display the log of               
events on command. If the log is accessible and readable, the requirement is             
verified. 
5.3.2.3: SSR3.2.3: Subsystem requirement 3.2.3 shall be verified by inspection.          
The inspection consists in interacting with the app to export the log as a .txt file                
through the smartphone. If the log can be exported and is a .txt file, the               
requirement is satisfied. 
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6.0 System Requirements Verification Matrix     
(SRVM) 
 
Please See Document 100,307 SRVM 
 

7.0 Notes 
 

Functional requirement FR4, “the system shall be open source,” has no system            
requirements because it determines how the system will be delivered, not what will be delivered.               
So, throughout the project, all source code will be made open-source, and that will satisfy FR4. 

 
Functional requirement FR5, “the system should be cost-effective,” has no system           

requirements, but it will be used to guide trade decisions. More cost effective solutions and               
components will be preferable to less cost-effective solutions and components. 
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000000063ISR Verification Sheet.xlsx: Matrix

ISR Requirements Verification Matrix 100,102 RevB
03/03/2020 Final for Rev
Based: ISR Delivery

Requirement # Requirement Title Verification 
Method

Required
Value

Units Oper-
ation

Actual
Value

Pass/
Fail

Margin First 
Verification

UA Document Reference Deliverable Assignee Verification Description Notes

SR1.1 Image Requirement Test 16, 40 FPS >, < 30.01 Pass N/A CDR Doc 100,102 CDR AO & GD Test if system captures images in a 
certain format and framerate

SSR1.1.1 RGB Image Resolution Inspection 480x640 pixels = 480x640 Pass 0 CDR Doc 100,102 CDR AO & GD Inspect Resolution of RGB
SSR1.1.2 RGB Image FPS Test 16, 40 FPS >, < 30.01 Pass N/A CDR Doc 100,102 CDR AO & GD Test framerate of RGB
SSR1.1.3 Depth Image Resolution Inspection 480x640 pixels >= 720x1280 Pass 240X640 CDR Doc 100,102 CDR AO & GD Inspect Resolution of Depth Images
SSR1.1.4 Depth Image Rate Test 16, 40 FPS >, < 30.01 Pass N/A CDR Doc 100,102 CDR AO & GD Test framerate of Depth Images

SSR1.1.5 Save Images Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO & GD Inspect if images are saved to the 
system at least temporarily

SR1.2 Image Processing Test 16 FPS >= 61.41 Pass N/A ISR Doc 100,102 ISR AO Test if system processes images 
above desired rate

SSR1.2.1 Motion Rate Test 16 FPS >= 61.41 Pass 45.41 CDR Doc 100,102 CDR AO & GD Test if motion is processed above 
desired framerate

SSR1.2.2 Seizure Rate Test 16 FPS >= 71.77 Pass 55.77 ISR Doc 100,102 ISR AO Test if seizures are detected above 
desired framerate

SR1.3 Detection Accuracy Test/Analysis 90 % >= FAR Doc 100,102 FAR Test if seizures are detected above 
desired accuracy

SSR1.3.1 Capture to Analysis Inspection 10 Yes = 10 Pass 0 CDR Doc 100,102 CDR AO & GD Test if data is coming from camera 
sensor

SSR1.3.2 Bedsheet Test 10 Yes = 10 Pass 0 CDR Doc 100,102 CDR AO & GD Test if motion is detected below a 
bedsheet

SSR1.3.3 Accuracy Test 90 % => FAR Doc 100,102 FAR Test if seizures are detected above 
desired accuracy

SR1.4 Seizure Detection Test 10 Seconds <= FAR Doc 100,102 FAR Test if seizure detection is faster than 
desired time

SSR1.4.1 Seizure Timing Test 10 Seconds <= FAR Doc 100,102 FAR Test if algorithm can detect seizures 
under specified time

SR1.5 Conditions Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO Test and inspect if the system can 
operate in desired conditions

SSR1.5.1 Low Light Test 10 Yes = 10 Pass 0 CDR Doc 100,102 CDR AO Test if system detects relevant data in 
low light environments

SSR1.5.2 Image Capture Room 
Ambient

Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO Inspect if components tolarate 
temperature range

SSR1.5.3 Image Analysis Room 
Ambient

Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO Inspect if components tolarate 
temperature range

SR2.1 Alarm Test 10 Yes = FAR Doc 100,102 FAR Test if alarm sounds when seizure is 
detected

SSR2.1.1 Notif Send Test 10 Yes = ISR Doc 100,102 ISR JG Test if notification is sent and 
received

SSR2.1.2 Notif to Alarm Test 10 Yes = FAR Doc 100,102 FAR Test if notification triggers alarm

SR2.2 Wireless Test 10 Yes = ISR Doc 100,102 ISR JG Test if data is sent wirelessly over the 
internet

SSR2.2.1 Send over Internet Test 10 Yes = ISR Doc 100,102 ISR JG Test if packet is sent over internet to 
app in smartphone

SR2.3 Notif Timing Test 5 Seconds <= FAR Doc 100,102 FAR Test if notifications arrive within 5 
seconds of detecting seizures

SSR2.3.1 Notif Timing Test 5 Seconds <= FAR Doc 100,102 FAR Test if alarm triggers within 5 seconds 
of seizure being detected

SR3.1 Keep Log Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect if log is being stored

SSR3.1.1 Create and keep log 
FIFO

Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect if log is created, stored and 
manages FIFO fashion

SR3.2 View Log Inspection TRUE Boolean = N/A ISR Doc 100,102 ISR LB Inspect if log is visible and exportable

SSR3.2.1 Send entries as JSON Inspection TRUE Boolean = N/A FAR Doc 100,102 FAR LB Inspect that entries are sent in JSON 
format

SSR3.2.2 Display Log Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect that log can be seen on screen 
from the app

SSR3.2.3 Export Log Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect that the log can be exported 
as a .txt
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Software Design Document (SDD) 
Change Control Log 

Rev Description Class Revision Date 

Initial Release - RevA 200121 

Clarified wording throughout document III RevA1 200303 

Changed seizure detection algorithm to not perform motion 
detection, and to instead perform the spectral analysis on 1-second 
windows every 1 second. This resulted in changes to the details of 
the algorithm in sections 3.0 and 5.2 and changes to the numbers 
in figures throughout the document. Section 7.0 now contains the 
former seizure detection algorithm as well as the rationale for 
switching. II RevA2 200303 

Added Notification App CSC to the Seizure Detection CSCI. This 
resulted in changes to section 4.0 and the addition of section 5.4. 
Also resulted in renaming RevA “Notification CSC” to 
“Communication CSC.” II RevA3 200303 

Expanded section 6.0, Seizure Detection CSCI Requirements 
Traceability, to include all relevant SSRs that have been flowed 
down since RevA of this document was released. III RevA4 200303 

Expanded detail of design sections 3.0 and 5.0 to account for 
updates to as-built SDNS. III RevA5 200303 

Started referring to the MVP at CDR, which collects data in the 
form of depth videos, as the Data Collection System (DCS) III RevA6 200303 

ISR Release - RevB 200303 
 
  

 
104 - SDD- RevB - 200121 - “Software Design Document” 



 

 
Table of Contents 

1.0 Scope 1 

2.0 Referenced Documents 2 

3.0 Seizure Detection CSCI Design Decisions 2 

4.0 Seizure Detection CSCI Architectural Design 8 

5.0 Seizure Detection CSCI Detailed Design 10 
5.1 Image Capture CSC 10 
5.2 Image Analysis CSC 11 
5.3 Communication CSC 18 
5.4 Notification App CSC 19 

6.0 Seizure Detection CSCI Requirement Traceability 21 

7.0 Notes 23 
 
 
  

 
104 - SDD- RevB - 200121 - “Software Design Document” 



1 

 

1.0 Scope 
 

This Software Design Document describes planned and as-built architecture, interfaces,          
and functions of the Seizure Detection CSCI software, P/N 200102, and finalized architecture,             
interfaces, and functions of the Data Collection CSCI software, P/N 200103, for the Seizure              
Detection and Notification System (SDNS). 
 

The SDNS shall have the capability to detect seizures of a patient with epilepsy who is                
sleeping in bed, and immediately notify the patient’s caregivers. People with epilepsy are at risk               
for Sudden Unexpected Death in Epilepsy (SUDEP), and the risk is highest while a patient is                
sleeping. Furthermore, the risk is highest for people who have tonic-clonic (commonly known as              
“grand mal”) seizures, which are characterized by a period of tensing (tonic phase) followed by a                
period of strong rhythmic motion (clonic phase). First aid given during an epileptic seizure can               
reduce the risk of SUDEP. Therefore, we desire a device that will alert caregivers during a                
tonic-clonic seizure, thereby reducing the risk of SUDEP in people with epilepsy and improving              
their quality of life. The scope of this project is limited to detecting tonic-clonic seizures, as they                 
pose the most significant risk for SUDEP. 
 

One solution for detection of tonic-clonic seizures is the caregiver(s) sleeping in the same              
bed as the patient, but that damages the privacy of both the patient and the caregivers.                
Technological solutions that are available on the market have high rates of false positive              
detections and are prohibitively expensive. Costs can be reduced by making our device             
open-source, and a smart, AI-based seizure detection algorithm can improve detection accuracy.            
But, in order to make an AI-based seizure detection system effective, one must have training data                
of seizures, and those can be difficult to obtain. Therefore, intermediate software, the Data              
Collection CSCI, was made to collect that training data that will be used to train the seizure                 
detection algorithm. 
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2.0 Referenced Documents 
The following are documents referenced in this SDD. 
 
2.1 Joo, Hyo Sung et al., “Spectral Analysis of Acceleration Data for Detection of             
Generalized Tonic-Clonic Seizures.” Sensors (Basel, Switzerland) vol. 17,3 481. 28 Feb. 2017,            
doi:10.3390/s17030481 
 
2.2 Image Analysis and Models, Rev 2, Team 19063 
 
2.3 System Requirements Document, Rev 4, Team 19063 
 
2.4 Motion detection using OpenCV. Intel. Website. 
https://software.intel.com/en-us/node/754940 
 

3.0 Seizure Detection CSCI Design Decisions 
 

Figure 1 shows the system block diagram of the final SDNS, which is the same as the                 
system block diagram of the as-built SDNS. The heart of the system is the image analysis                
subsystem, which includes the mini PC that runs most of the Seizure Detection CSCI software. It                
receives data from the Intel RealSense D415 camera, and if it detects a seizure, it notifies the                 
patient’s caregivers through their smartphone. The D415 sends a stream of both depth videos and               
RGB videos to the mini PC. The depth videos (time series of matrices that represent the                
distances between the camera and points in space in a grid projected in front of the camera) are                  
used to detect motion and identify seizures, and the RGB videos will be used to help identify the                  
frame of the video that seizures started. The notification is sent to caregivers’ smartphone over               
the internet. 
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Figure 1: SDNS Final System Block Diagram 

 
The user interface for the SDNS is the notification app on the caregiver’s smartphone, as 

described in P/N 200107. The only interaction that the user will need to do directly with the mini 
PC is to set it up (by installing software and plugging in cables) and turn it on. 

 
Figure 2: High-Level Breakdown of Final SDNS Software 

 
As shown in Figure 2, from a high level, the seizure detection algorithm is one core 

algorithm with optional pre-processing and post-processing. The pre-processing and 
post-processing will be determined by what is necessary to obtain 90% accuracy in seizure 
detection. Pre-processing may include estimating the location of the patient in the video frames 
and applying Intel RealSense SDK filters to the depth images. The core step is to run a spectral 
analysis algorithm on the video feed from the Image Capture subsystem. If necessary, the 
post-processing can take the form of various machine learning models that classify the motion 
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based on the one spectrum or how the spectra change over time. If a seizure is detected, an alert 
is sent to the caregivers. Otherwise, no seizure is detected, so no alert is sent. 
 

Presently, it seems likely that the spectral analysis alone will be sufficient to detect 
seizures with high accuracy. If it is not sufficient, then more processing steps may be required to 
analyze the video before an alert is sent to the caregivers. The details of the spectral analysis 
algorithm are found in section 5.0. 
 

 
Figure 3: As-Built Data Collection System Block Diagram 

 
As previously mentioned, an intermediate MVP system has already been built to collect             

data. This data collection system (DCS) performs much of the core functionality of the final               
SDNS system, but instead of detecting seizures and alerting a caregiver if there is a seizure, it                 
detects motion and sends video files to a cloud storage service if there is motion. The DCS                 
therefore required interfacing the mini PC with both the Intel RealSense D415 and the internet,               
and analyzing depth videos from the Intel RealSense D415. The DCS is depicted in Figure 3. 
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Figure 4: High-Level Breakdown of As-Built DCS Software 

 
Figure 4 is a high-level depiction of the parts of the final SDNS that the DCS                

accomplishes. It captures images using the same camera that the final SDNS uses, and then it                
performs movement detection rather than spectral analysis. Then, the output is sending the video              
to a cloud storage service rather than sending an alert to caregivers. 
 

Three of these data collection systems have been sent to a hospital in Columbia, which               
will allow us to collect depth videos of seizures. These videos will be used to train the AI-based                  
spectral analysis algorithm, as explained in more detail in section 5.0 of this document. 
 

A critical part of both the DCS and final SNDS is running code in parallel; the computer                 
must be able to record video with the RealSense D415 at the same time as it runs the motion                   
detection algorithm. In order to achieve this parallelism, the Python 3 library “multiprocessing”             
was used. This allowed us to create processes on the mini PC for the purposes we needed. 
 

Figure 5 below shows the software design for the DCS at a finer level of detail. After the                  
system is turned on, it calibrates the standard deviation (SD) threshold, which is described in               
more detail in Section 5.2 of this document. Next, the system starts a process that continuously                
records 3-minute RealSense D415 videos. Another process waits for 3-minute videos to finish             
recording. As each video finishes recording, the waiting process runs the motion detection             
algorithm (see Section 5.2) on the video. If motion is detected, it sends the video to cloud storage                  
and then deletes it from local storage. Otherwise, it deletes the video from local storage               
immediately. 
 

 
104 - SDD- RevB - 200121 - “Software Design Document” 



6 

 

 
Figure 5: More Detailed Breakdown of As-Built DCS Software 

 
Figure 6 below shows the as-built software design for the final SDNS in finer detail, with 

1-second seizure detection windows used as an example. As soon as the system is turned on, it 
starts a process that continuously records RealSense D415 videos. In the final SDNS, the frames 
are analyzed in real time rather than in 3-minute snippets (as in the DCS). Another process waits 
for batches of 30 frames, which is 1 second at 30 fps. As each 30-frame batch finishes recording, 
the waiting process runs the seizure detection algorithm (see Section 5.2) to determine from the 
frequencies of motion present in the last second of data whether a seizure occurred in that 
window. If a seizure is detected, the system alerts the patient’s caregivers through the 
smartphone app. If no seizure is detected, the system continuously waits and runs the seizure 
detection algorithm every 30 frames or 1 second. 

 
Figure 6: More Detailed Breakdown of As-Built Final SDNS Software 
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The mini PC, labelled on Amazon.com as “Mini PC, Aoxun Windows 10 64-bit Intel 
Celeron J3455 Processor(up to 2.3GHz) Desktop Computer,8G DDR3 256G SSD,1000Mbps 
LAN / 2.4+5.8G WiFi / BT4.2/4xUSB/2xHDMI/4K”, has the following characteristics: 

● Essentials: 
○ Dimension: 115*102*41mm 
○ Weight: 321g 
○ Processor Number: J3455 
○ Cache: 2 MB 
○ Instruction Set: 64-bit 

● System Config: 
○ OS: Support Windows 10 system 
○ Language : Multi-language 
○ Intel CPU: Intel Celeron Processor J3455 (2M Cache, up to 2.30 GHz) [4 cores] 
○ Processor Graphics: Intel HD Graphics 500 
○ Installed RAM: LPDDR3 8GB 
○ System Disk: 256GB M.2 SSD SATA BUS (2280) 
○ Ethernet: 1000Mbps LAN 
○ WIFI: IEEE 802.11a/b/g/n，2.4G+5.8G 
○ Bluetooth: BT 4.2 
○ Expand Memory: 2.5 inch SSD or HDD//up to 128G TF Card 

● Button and Ports: 
○ 2* HDMI Ports 
○ 4* Standard USB 3.0 Ports 
○ 1* TF Card slot 
○ 1* LAN Port 
○ 1* Headphone microphone jack 
○ 1* DC in Port 
○ 1* Power Button 
○ 1* Security Keyhole 

 
  

 
104 - SDD- RevB - 200121 - “Software Design Document” 



8 

4.0 Seizure Detection CSCI Architectural Design 

 
Figure 7: Seizure Detection CSCI Architectural Configuration 

 
As shown in Figure 7, the software consists of four Computer Software Components 

(CSCs) and a Seizure Detection “wrapper” Computer Software Configuration Item (CSCI). The 
Image Capture, Image Analysis, and Communication CSCs are run on the mini PC, and the 
Notification App CSC is run on the caregivers’ smartphone. This is the architecture that was 
used for the as-built SDNS, and it is also the intended architecture for the final SDNS. More 
details are found in Table 1, below. 
 

Table 1: CSC properties included in Seizure Detection CSCI 

CSC Relationship/ Characteristics Purpose Planned 
Resource 

Library 

Image 
Capture 

Uses RealSense API to capture 
video from Intel RealSense D415, 
and sends them to the image 
analysis CSC. DCS saves 3-minute 
clips, and final and as-built SDNS 
sends a video stream 

Capture 
video 

DCS: 
3 MB 
 
final: 
830 MB 

multiprocess- 
ing, 
pyrealsense2,  
 
DCS: pynput 

Image 
Analysis 

Receives video from Image 
Capture CSC. DCS performs 
motion detection, and final SDNS 
performs seizure detection. DCS 

DCS: detect 
motion 
 
final 

DCS: 
32 MB 
 
final: 

multiprocess- 
ing, cv2, 
numpy 
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passes video to Communication 
CSC, and final SDNS passes alert 
to the Communication CSC. 

SDNS: 
detect 
seizures 

1.2 GB 

Communi-
cation 

In DCS, receives video from Image 
Analysis CSC and uploads to cloud 
storage. 
In as-built SDNS, prints to console 
whether seizure was detected. 
In final SDNS, receives alert from 
Image Analysis CSC and passes it 
on to Notification App CSC on 
caregiver’s smartphone app. 

Deal with 
motion 
(DCS) or 
seizures 
(final 
SDNS) if 
detected. 

DCS: 
2 GB 
 
final: 
1 MB 

multiprocess- 
ing 
 
final SDNS: 
TBD library 
for comm 
with 
smartphone 
app 

Notifica- 
tion App 

In final SDNS: Receives 
notification data package from mini 
PC via Communication CSC. 
Triggers alarm on smartphone if 
seizure is detected. 

Display log 
and alert 
caregivers 
if seizure is 
detected. 

final: 
100MB 
(iOS) 
 
TBD 
(Android) 

final: React 
Native SDK 
34.0.2 
 
Expo 34.0.0 
 
React 16.8.3 

 
The libraries listed in Table 1 are the libraries used in the as-built SDNS. Python 3 was                 

used for the SDNS and DCS because the team is familiar with it and because it is one of the                    
languages that enables the fastest development out of the wrapper languages supported by Intel              
for the RealSense SDK. However, any language for which Intel supports a wrapper for the               
RealSense SDK could be used. For the DCS, a cloud storage service that interfaces with the                
Notification CSC at the API level could be used, but instead, Dropbox’s “online-only” directory              
feature was used so that files moved to a designated directory are uploaded automatically,              
potential backlogs are managed, and files are deleted from local storage automatically. 
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5.0 Seizure Detection CSCI Detailed Design  
 

The unit design decisions (such as algorithms), constraints, language, procedural          
commands, data handling, and logic for the CSCs are given below. 
 

5.1 Image Capture CSC 
The Image Capture CSC of the DCS and the SDNS was built using the Python 3                

programming language and the pyrealsense2 wrapper for Intel’s RealSense SDK. Pyrealsense2           
provides the ability to use Python 3 to collect data from the RealSense D415 camera and analyze                 
and manipulate the individual frames of the video. For the DCS, it is important to note that the                  
videos are captured as 3-minute snippets in “bag files,” which is a type of file defined by ROS.                  
The Image Capture CSC has completed development.  
 
The capabilities of the Image Capture CSC are detailed in Table 2. 
 

Table 2: Image Capture CSC capabilities 

Functions Inputs/ 
Source 

Outputs/ 
Destination 

Description DCS or 
SDNS 

save bag file RGB and depth 
video resolutions 
and framerates; 
 
seconds per 
recording; 
 
path to output 
directory; 
 
“stop” command 
from keypress 
process 

bag files saved 
in given output 
directory; 
 
new bag file path 
to “run motion 
detection” queue 

The Intel RealSense SDK, 
accessed via the 
pyrealsense2 wrapper, is 
used to save bag files of 
videos from the 
RealSense D415 of the 
specified framerate, time 
length, depth and RGB 
resolutions. Files begin to 
be recorded when the 
program starts, and no 
more recordings are made 
after the user presses the F 
key. Paths of new bag 
files are sent to the “run 
motion detection” process 
queue. 

DCS 
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save one frame RGB and depth 
video resolutions 
and framerates; 
 
path to output 
directory; 
 
app queue 

data from one 
video frame 
stored in given 
output directory; 
 
new file path to 
“run motion 
detection” queue 

The Intel RealSense SDK, 
accessed via the 
pyrealsense2 wrapper, is 
used to save one video 
frame from the RealSense 
D415 of the specified 
depth and RGB 
resolutions. Recording is 
controlled by the 
caregiver’s smartphone 
app. Paths of new bag 
files are sent to the “run 
motion detection” process 
queue 

SDNS 

detect F 
keypress 

keyboard “stop” command 
sent to “save bag 
file” process 

The pynput library is used 
to detect key presses. If 
the F key is pressed on the 
keyboard, sends a “stop” 
command to the “save bag 
file” process. 

DCS 

 

5.2 Image Analysis CSC 
The Image Analysis CSC was built using the Python 3 programming language and its 

numpy and Open Computer Vision (cv2) libraries for both the DCS and the as-built SDNS. The 
final Image Analysis CSC will also be built using those tools. Numpy is used to perform 
extremely efficient matrix and vector manipulations, and cv2 is used to manipulate individual 
depth frames. For the DCS, again the videos are captured as 3-minute snippets in bag files, but in 
the SDNS, the videos will be a file stream. 
 
Motion Detection Algorithm 
 

The motion detection algorithm takes as input a depth video that is at least a few seconds 
long. An individual frame of the depth video is created by the the Intel RealSense D415 by 
projecting a grid of IR dots onto a surface and measuring their distance to the camera. The depth 
frame is a matrix of values that represent distances from the camera to the points in space where 
the dots were projected. If the camera was unable to determine the distance to a particular dot, 
that value in the matrix is set to 0. The motion detection algorithm is as follows. 
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Figure 8: Motion Detection Between Two Frames 

 
Figure 8 depicts the algorithm for detecting whether there is motion between two frames 

in a video. This algorithm was taken from Intel’s website [2.4]. First, the element-wise difference 
between two frames is calculated, and then the absolute value of the difference matrix is 
calculated. Next, a Gaussian blur is applied to the difference matrix, yielding a matrix of the 
same dimensions as one of the original frames. Then, the standard deviation of elements in that 
blurred matrix is calculated. If that standard deviation is above a threshold, motion is detected 
between the two input frames, and if that standard deviation is below the threshold, no motion is 
detected between the two input frames. 
 

Again, the above algorithm is used to detect motion between two frames in a video. In 
order to detect motion in a video, that algorithm is applied many times. A simplified version of 
the algorithm used to detect motion in depth videos in the DCS is the following, with 
frame_index_difference = 10 and do_analysis_every_n_frames = 10. 
 
inputs: bag file containing depth video, frame_index_difference, do_analysis_every_n_frames 
 
while (there are more frames in the bag file):  
    frames = next set of coherent frames in bag file 
    fn = frames.frame_number 
    all_frame_numbers += [fn] 
    frames_since_last_analysis += 1 
    cur_depth_frame = frames.get_depth_frame() 
    depth_frames_deque.append(cur_depth_frame) 
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    if len(depth_frames_deque) > frame_index_difference: 
        cur_depth_image = np.asanyarray(cur_depth_frame.get_data()) 
        past_depth_image = np.asanyarray(depth_frames_deque.popleft().get_data()) 
        if frames_since_last_analysis >= do_analysis_every_n_frames: 
            SDs += [calculateSD(cur_depth_image,past_depth_image)] 
            FNs += [fn] 
            frames_since_last_analysis = 0 
finally: 
    if (there are 3 consecutive points in SDs above the standard deviation threshold): 
        return (motion detected) 
    else: 
        return (no motion detected) 
 

Essentially, the algorithm used to detect motion in depth videos in the DCS iterates 
through the depth video. Every 10 frames, it calculates the standard deviation between the 
current depth frame and the depth frame 10 frames ago. If there are three consecutive points 
above the standard deviation threshold (i.e. 1 second of motion at 30 fps), the video is labelled as 
having motion; otherwise, it is labelled as having no motion. 
 

The method for calibrating the SD threshold is the following. First, the system captures 1 
minute of video with the RealSense D415. Then, the latter motion detection algorithm above is 
run on the video, except that instead of the finally block above, the finally block is: 
finally: 
    return (the fifth-highest standard deviation in SDs) 
The fifth-highest point is returned because we allow up to 4 random isolated spikes of noise in 
the calibration video. The highest we have seen is 2, and most have 0, so we think 5 is a safe 
number. 
 

Figure 9 below shows plots of SDs vs FNs from running the motion detection algorithm 
on videos in the calibration case (which produces the SD threshold), no motion detected case, 
and motion detected case. 
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Figure 9: left to right: motion detection SDs for calibration, no motion detected, motion detected 
 

Throughput, memory, and timing analyses for the motion detection algorithm are 
included in the “Image Analysis and Models” document in this TDP. 
 
 
Seizure Detection Algorithm 
 

The seizure detection algorithm takes as input a depth video that is 5-10 (TBD) seconds 
long. A depth video is described in the section “Motion Detection Algorithm,” above. As stated 
in Section 1.0 of this document, the scope of this project is limited to detecting tonic-clonic 
seizures. 
 

The main idea behind the seizure detection algorithm is that tonic-clonic seizures can be 
identified by strong motion of a characteristic frequency between 5-8 Hz [Document 2.1]. A 
well-established method of determining characteristic frequencies is spectral analysis via Fourier 
transform. We calculate the spectrum of a single depth video pixel over time by taking its 
discrete Fourier transform in a 5-10 second time window. Then, we calculate the spectrum of the 
video by taking the average of the spectra of all pixels in the depth frames for that time window. 
The result is a function of one variable that shows what frequencies exist in the depth video, as 
depicted by the plots in Figure 10. 
 

Figure 10 comes from a study by Joo et al. that used an accelerometer placed on a 
patient’s wrist to detect seizures [Document 2.1]. In the figure, the top plot is the spectrum for a 
seizure, and the bottom plot is the spectrum for non-seizure movement. Although their sensor is 
different from ours, we expect to see similar results; our sensor might be thought of as being like 
theirs but with thousands of times more points on a patient’s body measured. The study was 
successful in identifying seizures because there is a significant difference in the spectra of 
generalized tonic-clonic seizure readings (top plot) and the spectra of non-seizure readings 
(bottom plot). Our motion detection algorithm assumes that a similar difference in spectra will be 
found using the Intel RealSense D415 as the sensor. 
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Figure 10: Spectral density from Joo et al. using accelerometer data 

 
The results of a preliminary test of the spectral analysis method using the Intel RealSense 

D415 is shown in Figure 11 below. In Figure 11, the top plot is from performing spectral 
analysis on a video of a hand waving, and the bottom plot is from performing spectral analysis 
on a video of the hand being held still. Strong similarities can be seen between Figures 10 and 
11, giving evidence for the effectiveness of the D415 at detecting seizures as in the study by Joo 
et al. 
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Figure 11: Spectral density from as-built SDNS using Intel RealSense D415 videos 
 

The seizure detection algorithm is depicted in Figure 12 and described in more detail 
below. 
 

 
Figure 12: Seizure Detection Algorithm 

 
First, a spectrum is calculated for each point in the depth frames over the last 1 second                 

using a fast Fourier transform. Then, the average of all spectra is calculated. Finally, the               
Riemann sum of that average spectrum is calculated for the range of characteristic frequencies of               
tonic-clonic seizures using the Intel RealSense D415 and our methods (TBD). If that Riemann              
sum is greater than a TBD threshold, a seizure was detected because there is significant enough                
motion in the characteristic seizure frequency range. Otherwise, no seizure is detected. 
 

The characteristic frequency range for tonic-clonic seizures using the Intel RealSense           
D415 and our methods, as well as the Riemann sum threshold, will be determined through               
optimization with gradient descent (a well-established machine learning method) using training           
data that is collected by the DCS. Since only three parameters must be optimized (the start of the                  
frequency range, the end of the frequency range, and the Riemann sum threshold), we need far                
fewer training samples of seizures than we would if we were using something like a               
millions-of-parameters neural network. Based on the results of Joo et al., the characteristic             
seizure frequency is expected to be near 5-8 Hz and the threshold is expected to be near 0.2. 
 

Throughput, memory, and timing analyses for the seizure detection algorithm are           
included in the “Image Analysis and Models” document in this TDP. 
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The capabilities of the Image Analysis CSC are detailed in Table 3 below. 
 
 

Table 3: Image Analysis CSC capabilities 

Functions Inputs/ 
Source 

Outputs/ 
Destination 

Description DCS or 
SDNS 

run motion 
detection 
(DCS) 

bag file path 
from “save bag 
file” process 

passes bag file 
path to the “send 
file to cloud” 
process if 
motion is 
detected, and to 
the “delete file” 
process if no 
motion is 
detected. 

Calls the “get standard 
deviations from bag” and 
analyzed those standard 
deviations using the 
motion detection 
algorithm described 
above. If motion is 
detected, the path to the 
bag file is passed to the 
“send file to cloud” 
process, and to the “delete 
file” process otherwise. 

DCS 

get standard 
deviations from 
bag 

bag file path 
from “run 
motion 
detection” 
process; 
 
frame index 
difference; 
 
do analysis 
every n frames; 
 
use filters 

frame numbers 
of frames 
analyzed; 
 
all frame 
numbers in bag 
file 
 
array of standard 
deviations 
between pairs of 
frames 

Calls the “calculate SD” 
function every n frames 
(given), on frames with a 
given difference in index, 
and uses filters if “use 
filters” is true. 
 
Returns to the “analyze 
images” process 
information about the 
frames that were 
analyzed, including all 
frame numbers of frames 
in the bag file, an array of 
standard deviations 
between pairs of frames, 
and a corresponding array 
of all the frame numbers 
of the second frames in 
the analyzed pairs. 

DCS 

calculate SD two depth 
frames 

standard 
deviation 
between frames 

Takes the absolute value 
of the difference between 
two frames, blurs that 

DCS 
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matrix, and then returns 
the standard deviation of 
values in the blurred 
matrix. 

analyze images frames from 
“save one 
frame” process 

Sends alert to 
notification 
process if 
seizure is 
detected 

Calls the “run seizure 
detection” function on a 
sliding window of depth 
frames, as described 
above. If a seizure is 
detected, an alert is sent to 
the notification process. 

SDNS 

run seizure 
detection 

depth frames returns boolean, 
whether seizure 
was detected in 
the frames 

Returns to the “analyze 
images” process whether 
seizure was detected in 
the given depth frames, 
using the motion detection 
algorithm detailed above. 

SDNS 

 

5.3 Communication CSC 
 

The SDNS’s Communication CSC is used to communicate between the Mini PC and 
other devices. It was built using the Python 3 programming language. The final Image Analysis 
CSC will also be programmed with Python 3, and it will likely use a non-base library to 
communicate with the caregiver’s smartphone. 
 

For the final SDNS, the Communication CSC will notify the caregivers through their 
smartphone app if a seizure occurs. For the DCS, the Communication CSC sends 3-minute clips 
containing motion to the cloud storage service. 
 

The capabilities of the Communication CSC are detailed in Table 4 below. 
 

Table 4: Communication CSC capabilities 

Functions Inputs/ 
Source 

Outputs/ 
Destination 

Description DCS or 
SDNS 

send file to cloud file path of bag 
file containing 
video with 

sends file to 
cloud storage 

Uses Python 3’s 
os.rename() to move file 
to a directory that is 

DCS 
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motion designated using Dropbox 
as “online only,” which 
means that it is uploaded 
to Dropbox and deleted 
once the computer runs 
out of space on its local 
drive. 

delete file file path of bag 
file containing 
no motion 

deletes file from 
storage 

Uses Python 3’s 
os.remove() to delete file 
from the computer. 

DCS 

alert caregivers alert command 
from seizure 
detection process 

notification to 
caregiver’s 
smartphone 

A TBD library will be 
used to send information 
to the caregiver’s 
smartphone app over the 
internet. This will trigger 
an alarm on the 
caregiver’s smartphone so 
that they can give first aid 
to the patient who is 
having a seizure. 

SDNS 

 

5.4 Notification App CSC 
A concept of operations was launched for the early development stages of the application.              

To begin the process, a list of use cases were derived. These use cases were derived as a team                   
and validated by Iwan Grau, the sponsor. The use cases derived in this Concept of Operations                
would lead to a list of features that would ideally be integrated in the app’s finalized state. The                  
list of functions were prioritized and categorized. 
 

Following the concept of operations, a class diagram was developed. The app was then              
modeled after the class diagram, organizing different components in the application such as             
GUIs, actors, buttons and external systems that factor into the application’s final design. A              
mockup of the app’s first set of functions was produced part of  
 

The app was developed using a combination of React Native software development kit             
(SDK) and React Native Expo mobile application framework. The decision for this development             
environment was determined following a trade study where four candidates were considered.            
Candidates considered were Kivy framework, an open source, Python based application           
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framework; native tools for both iOS and Android platforms (XCode and Android Studio,             
respectively); and finally, React Native, our tool of choice.  
 

Ultimately, the decision for the app came down to React Native’s documentation and             
support for Push Notifications. The integration of Push Notifications in the app will be crucial in                
the app’s success to deliver reliable notifications from the Image Analysis subsystem. React             
Native provides necessary tools to develop the application for platforms simultaneously. In            
addition to the convenience provided, the React Native application framework is capable of             
integrating native components from both native application framework tools to expand its            
capabilities. 
 

The functions in the applications are being integrated per the prioritization assigned to             
them during the use case analysis. The application’s main purpose is to reliably deliver a               
notification that originates from the Image Analysis subsystem when it detects a seizure. The app               
currently implements three GUIs. 
 

The capabilities of the Notification App CSC are detailed in Table 5 below. 
 

Table 5: Notification App CSC capabilities 

Functions Inputs/ 
Source 

Outputs/ 
Destination 

Description DCS or 
SDNS 

receive alert notification data 
packet 

triggered alarm Utilizes Google API to 
receive updates on 
application. 

SDNS 

fetch  file url of 
Google Drive 
file 

display of 
information on 
app GUI 

Gathers latest file from 
Google Drive to present 
updated information. 

SDNS 

tab navigation user touch input selected GUI is 
displayed 

A tab navigator that 
allows the user to navigate 
through screens within the 
app. 

SDNS 
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6.0 Seizure Detection CSCI Requirement Traceability 
 

A flow down from the system requirements has been conducted for the computer and 
software. The verification methods are indicated, with T=Test and I=Inspection. 
 

Table 6: CSCI Requirement Flow Down 

Subsystem Requirement (SRD) Computer/Software Requirement Flow-Down 

1.1.1: The system shall capture RGB images 
at a resolution of at least 640 by 480 pixels. 
(I) 

Use Intel RealSense SDK to command 
RealSense D415 camera to capture RGB 
images at a resolution of at least 640 by 480 
pixels. 

1.1.2: The system shall capture RGB images 
at a rate of at least 16 frames per second, not 
exceeding 40 frames per second. (T) 

Use Intel RealSense SDK to command 
RealSense D415 camera to capture RGB 
images at a rate of at least 16 frames per 
second, not exceeding 40 frames per second. 

1.1.3: The system shall capture a depth map at 
a resolution of at least 640 by 480 pixels. (I) 

Use Intel RealSense SDK to command 
RealSense D415 camera to capture depth 
images at a resolution of at least 640 by 480 
pixels. 

1.1.4: The system shall capture a depth map at 
a rate at least 16 frames per second, not 
exceeding 40 frames per second. (T) 

Use Intel RealSense SDK to command 
RealSense D415 camera to capture depth 
images at a rate of at least 16 frames per 
second, not exceeding 40 frames per second. 

1.1.5: The system shall be able to save the 
images captured. (I) 

Save images into bag files, arrays, or some 
other method that allows for future playback. 

1.2.1: The system shall perform motion 
detection algorithm at a rate of at least 16 
frames per second. (T) 

Performs motion detection algorithm using 
the chosen mini PC at a rate of at least 16 
frames per second. 

1.3.1: The system shall analyze video data 
from the image capture subsystem. (T) 

Analyzes video data by performing motion 
detection. In the future, will also perform 
seizure detection. 

1.3.2: The image analysis subsystem shall 
detect motion longer than 1 second through a 
bedsheet. 

Run motion detection algorithm in real time 
on depth videos to detect motion. 
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1.3.3: The image analysis subsystem shall 
detect a seizure with 90% accuracy 

Run seizure detection algorithm on depth 
videos to detect seizures. AI training for 
seizure detection algorithm will be completed 
for final SDNS. 

1.4.1: The image analysis subsystem shall 
detect a seizure within 10 seconds of the 
clonic phase starting. 

Run seizure detection algorithm in real time 
on depth video stream. With 1 second 
windows, that is “10 tries.” 

2.1.1: The image analysis subsystem shall 
send a data packet to the notification 
subsystem. 

Send data packets through an internet server 
to the caregivers’ smartphone. 

2.1.2: The notification subsystem shall trigger 
an alarm after receiving a data packet from 
the image analysis subsystem 

Use push notifications set with highest 
possible priority to alert caregivers of seizure. 

2.2.1: The image analysis subsystem shall 
send a data packet to the notification 
subsystem over the internet. 

Send data packets through an internet server 
to the caregivers’ smartphone. 

2.3.1: The notification subsystem shall 
receive a data packet that triggers an alarm 
within 5 seconds of the the image analysis 
subsystem detecting a seizure. 

Have 5 seconds to get the notification data 
packet from the mini PC to the caregivers’ 
smartphone and send the push notification. 

3.1.1: The notification subsystem shall create 
and store a log (database) working in FIFO 
fashion, containing information about time 
and date of detected seizures. 

Create a local database of seizure events in 
the smartphone app. Include time and date of 
seizure. 

3.2.1: The image analysis subsystem shall 
send entries to the log as JSON files to the 
notification subsystem. 

As part of notification data packet, include the 
time that the seizure occurred and any other 
pertinent information, such as confidence of 
seizure classification. 

3.2.2: The notification subsystem shall open 
the log and display it on the smartphone’s 
screen. 

One tab of the app is used to show the data 
from the local database of seizure events. 

3.2.3: The notification subsystem shall allow 
the user to export the log as a .txt file through 
the smartphone app. 

The user can export the log file as a .txt file, 
thus allowing them to send it to a medical 
provider or back it up on another device. 
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7.0 Notes 
 

A different seizure detection algorithm was proposed in RevA of this document. 
However, after further consideration, the algorithm was updated to remove motion detection as 
part of the seizure detection algorithm. The advantages that the new algorithm (in section 5.2) 
has over the previous algorithm include: 
 

● Ability to expand to more sophisticated machine learning classifiers 
● Possibility of detecting seizures that have small motions 
● Easier to perform training and verification 
● Easier for future open source developers to understand current algorithm 
● Eliminates need for calibration step 

 
But, the seizure detection algorithm with motion detection has already been programmed, 

so both algorithms will be tested before FAR. The algorithm that is kept will be the one that 
gives the best seizure detection accuracy. It is anticipated that the new algorithm, with no motion 
detection, will outperform the old algorithm, but the old algorithm is below in case we revert 
back to it. Figure 13 below contains the diagram of the old seizure detection algorithm. 

 
Figure 13: Previously planned seizure detection algorithm for final SDNS 

 
Table 7 below contains the Image Analysis CSC capabilities required if the old seizure 

detection algorithm is used. The below capabilities have already been implemented. 
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Table 7: Image Analysis CSC capabilities if motion detection is used for SDNS 

Functions Inputs/ 
Source 

Outputs/ 
Destination 

Description DCS or 
SDNS 

run motion 
detection 
(DCS) 

bag file path 
from “save bag 
file” process 

passes bag file 
path to the “send 
file to cloud” 
process if 
motion is 
detected, and to 
the “delete file” 
process if no 
motion is 
detected. 

Calls the “get standard 
deviations from bag” and 
analyzed those standard 
deviations using the 
motion detection 
algorithm described 
above. If motion is 
detected, the path to the 
bag file is passed to the 
“send file to cloud” 
process, and to the “delete 
file” process otherwise. 

DCS 

get standard 
deviations from 
bag 

bag file path 
from “run 
motion 
detection” 
process; 
 
frame index 
difference; 
 
do analysis 
every n frames; 
 
use filters 

frame numbers 
of frames 
analyzed; 
 
all frame 
numbers in bag 
file 
 
array of standard 
deviations 
between pairs of 
frames 

Calls the “calculate SD” 
function every n frames 
(given), on frames with a 
given difference in index, 
and uses filters if “use 
filters” is true. 
 
Returns to the “analyze 
images” process 
information about the 
frames that were 
analyzed, including all 
frame numbers of frames 
in the bag file, an array of 
standard deviations 
between pairs of frames, 
and a corresponding array 
of all the frame numbers 
of the second frames in 
the analyzed pairs. 

DCS 

calculate SD two depth 
frames 

standard 
deviation 
between frames 

Takes the absolute value 
of the difference between 
two frames, blurs that 
matrix, and then returns 
the standard deviation of 
values in the blurred 
matrix. 

DCS 
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analyze images frames from 
“save one 
frame” process 

Sends alert to 
notification 
process if 
seizure is 
detected 

Calls the “run motion 
detection” and “run 
seizure detection” 
functions on a sliding 
window of depth frames, 
as described above. The 
seizure detection 
algorithm is run only if 
motion is detected. If a 
seizure is detected, an 
alert is sent to the 
notification process. 

SDNS 

run motion 
detection 
(SDNS) 

depth frames returns boolean, 
whether motion 
was detected in 
the frames 

Calls the “calculate SD” 
function. Returns to the 
“analyze images” process 
whether motion was 
detected in the given 
depth frames, using the 
motion detection 
algorithm detailed above. 

SDNS 

run seizure 
detection 

depth frames returns boolean, 
whether seizure 
was detected in 
the frames 

Returns to the “analyze 
images” process whether 
seizure was detected in 
the given depth frames, 
using the motion detection 
algorithm detailed above. 

SDNS 
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1.0 Materiales de montaje: 
 

Para ensamblar el sistema de recopilación de datos MVP SDNS, asegúrese de que antes              
de empezar, tenga las siguientes partes: 

1. Cámara Intel RealSense D415 
a. Cámara D415 
b. Cable USB-C a USB 3.0 macho-hembra 

2. Beelink Mini PC. 
a. Mini PC 
b. Cable de alimentación 
c. Cable HDMI a HDMI (para diagnósticos) 

3. Cable de extensión activo USB 3.0 
4. Soporte "en forma de L" del techo 

a. Montura 
b. 2 tornillos de ¼in. 

5. Teclado con cable 
6. Portátil Windows 10 con al menos 1 puerto USB 3.0 (para la colocación inicial de la                

cámara D415) 
a. Intel RealSense SDK 2.0 puede y debe instalarse para la colocación de la cámara.              

Para descargar el instalador, visite:  
https://github.com/IntelRealSense/librealsense/releases/download/v2.29.0/Intel.Re
alSense.SDK.exe 

 

2.0 Instalación de software 
Un aspecto crítico de este sistema es el software que lo ejecuta. Está disponible              

gratuitamente en nuestro sitio web de github, https://github.com/gordiedowns/UA-SDNS.        
Descargue o clone el repositorio y tenga los archivos listos en su escritorio. 
A continuación, al configurar el sistema, es probable que haya utilizado una cuenta microsoft              
para hacerlo. Necesitamos eliminar esta cuenta y usar una cuenta local. Para ello, vaya a la                
configuración de Windows, cuentas y haga clic en "Iniciar sesión con una cuenta local en su                
lugar". Siga los pasos y permita que el sistema se reinicie. Anote el nombre de usuario y la                  
contraseña locales 

El siguiente paso es instalar Intel RealSense SDK 2.0. Para ello, vaya al enlace              
mencionado en la sección 1, descargue y ejecute el archivo .exe para que el software se instale. 

Anaconda es una poderosa herramienta para el desarrollo de Python, y se utiliza en este               
proyecto. Para instalarlo vaya a www.anaconda.com. Elija todas las instrucciones de instalación            
predeterminadas y tome nota de la ruta donde se instaló Anaconda 3.  
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Ahora necesitamos crear un entorno virtual para que el script se ejecute. Para ello, utilice               
la barra de búsqueda de Windows y busque Anaconda Prompt. Abra la consola y escriba lo                
siguiente: 

● conda create -n intelpython3 -c intel python 3.7 intelpython3_full 
Permita la instalación del entorno y, a continuación, actívelo con el siguiente comando: 

● conda activate intelpython3 
Si se produce un error, intente instalar el entorno de nuevo. Ahora necesitamos instalar 3               

dependencias que no están presentes en el entorno original. Para ello, escriba los siguientes              
comandos: 

● pip install pyrealsense2-2.31.0.1235 
○ Esto se debe a que una actualización posterior hizo que las grabaciones no se              

pudieran abrir, por lo que esta versión es necesaria 
● pip install opencv-python 
● pip install pynput 

 
Después de hacer esto, puede cerrar la ventana de solicitud de Anaconda. Una parte              

difícil comienza ahora. ¿Recuerdas el camino que escribiste sobre dónde se instaló el mensaje de               
anaconda? Vamos a navegar a los archivos del proyecto e ir a un archivo llamado sdns.bat. Edite                 
el archivo con el bloc de notas y edite las rutas que aparecen en la primera línea, apuntando a                   
'/activate.bat' a la ruta de acceso en su equipo donde está ese archivo. Debe estar en la carpeta                  
donde se instaló Anaconda, en la carpeta Scripts. Edite esa ruta para llevar al archivo activate.bat                
y la ruta junto a él para que apunte a la carpeta raíz de Anaconda 3 ('.../Anaconda3). La ruta de                    
acceso en su sistema podría tener este aspecto: "C:/Users/guard/Anaconda3/Scripts/activate.bat         
C:/Users/guard/Anaconda3/" Pero también puede diferir. Asegúrese de establecer el camino          
correcto. 

Ahora en la segunda línea asegúrese de que dice intelpython3 donde activa el medio              
ambiente y para la tercera línea prestar atención. Si está ejecutando esto para supervisar              
pacientes (SDNS), establezca la ruta de acceso al archivo main_realtime.py en la carpeta             
current_main del proyecto. Si utiliza este sistema para la recopilación de datos (DCS), apunte la               
ruta hacia main.py. Guardar y cerrar el archivo 

Cree un acceso directo a sdns.bat haciendo clic con el botón derecho en él y eligiendo                
"crear acceso directo". Corta este acceso directo y luego presiona la tecla Windows + R. Escriba                
"shell:startup" y se abrirá una carpeta. Pegue el acceso directo en esta carpeta para que el                
software se ejecute cada vez que el sistema arranque. 

Ahora presione la tecla Windows y escriba netplwiz. Esto abrirá una ventana donde             
desmarcará la casilla que dice "Los usuarios deben introducir un nombre de usuario y contraseña               
para utilizar este sistema". Después de esto, escriba las credenciales en el equipo, que son el                
nombre de usuario local y la contraseña local que eligió para el sistema anteriormente. Pulsa ok y                 
cierra todas las ventanas. Esto permite que el sistema inicie sesión automáticamente y ejecute los               
scripts. 

OneDrive suele estar activado cuando se configura un nuevo sistema. Pulse las teclas             
Ctrl+Mayús+Esc y vaya a la pestaña de inicio en el Administrador de tareas, haga clic con el                 
botón derecho y deshabilite OneDrive y cualquier programa que parezca innecesario o            
conflictivo con el funcionamiento del sistema. La configuración sDNS del software se detiene             
aquí 
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Los siguientes pasos solo se aplican a la cámara en modo DCS 
Descarga Dropbox e inicia sesión con las credenciales obtenidas de Alejandro Ortega            

(alejandroortega@email.arizona.edu). Una vez que se descarga, elija todas las opciones de           
instalación predeterminadas, y luego vaya a las carpetas y cree carpetas llamadas "Cámara de              
recopilación de datos n" (reemplazar n con el número de cámara correspondiente (lo que sea que                
esté al lado del más grande presente ya), "Plots with motion camera n" y "Plots without motion                 
camera n". Ahora vaya a la carpeta current_main en los archivos del proyecto y edite el script                 
main.py. Navegue hasta las líneas 26, 29 y 30 y substituya esas trayectorias con la ruta completa                 
a las carpetas del dropbox respectivamente. Asegúrese de que las rutas de la carpeta utilizan               
la barra diagonal "/" en lugar de la barra diagonal inversa de la barra diagonal inversa. 

Después de esto, el sistema está listo para recopilar datos para mejorar los algoritmos del               
SDNS. 
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3.0 Ensamblaje de montaje de cámara 
 
El primer paso en el montaje de la cámara es elegir el lugar adecuado para colocarla, idealmente                 
por encima de la cama del paciente hacia el centro para que el paciente esté en el centro del                   
marco, y el cuerpo entero del paciente sea visible. 
 

1. Tome el soporte "en forma de L", un tornillo de ¼in y la cámara RealSense D415 y                 
ensamblelo colocando el tornillo a través del brazo largo del soporte en el extremo distal               
donde es ligeramente más ancho, para permitir que el tornillo pase limpiamente. 

2. Después de esto, tome la cámara D415 y adjúntela al tornillo de ¼in, hasta que se fije                 
firmemente y la cámara apunte hacia el plano opuesto del otro brazo. La Figura 1 muestra                
el resultado: 

 
 
 
 
 

 
 
 

 
 
 
 
 

Figura 1: Montaje de montura en techo y cámara RealSense D415. Tenga en cuenta que para que 
el tornillo pase a través del soporte, necesita ser introducido en el extremo distal del brazo. 

 
3. Ahora conecte el cable de extensión USB 3.0 al cable USB-C a USB 3.0 y luego el 

extremo USB-C del cable a la cámara RealSense D415. 
4. Después de esto, conecte el cable de extensión USB 3.0 a cualquier puerto USB 3.0 en el 

portátil Windows 10 para la calibración. Un ejemplo se muestra en la Figura 2: 
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Figura 2: Resultado de conectar el RealSense D415 al portátil de calibración de Windows 10 

mediante el cable de extensión USB 3.0. Extensión al cable USB-C (izquierda), USB-C a  
 Cámara D415 (centro), extensión USB 3.0 a la computadora portátil (derecha) 

 
5. Si el portátil está apagado, enciéndalo y proceda a iniciar el software Intel RealSense              

Viewer en el equipo después de instalar el Intel RealSense SDK 2.0. 
6. Una vez que se ha iniciado, busque en la esquina superior izquierda, donde se encuentra               

el resumen de la cámara, y haga clic en el interruptor que dice en rojo: "Depth Stream".                 
Esto le permitirá observar el punto de vista de la cámara. La Figura 3 muestra el                
resultado: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figura 3: Imagen de la cámara RealSense D415 con RealSense Viewer 
 

7. Coloque el portátil en una posición tal que pueda verlo con facilidad mientras monta la               
cámara. Ahora, coloque el brazo corto del soporte contra el techo por encima de la cama                
del paciente, centrándolo tanto como sea posible tomando la cama como referencia.            
Asegúrese de tener cuidado al colocar el soporte si el paciente está en la cama.  
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8. Tome un nivelador (la mayoría de los teléfonos inteligentes tienen una aplicación para             
medir el nivel de una superficie) y asegúrese de que la superficie de la lente de la cámara                  
es paralela al suelo. La Figura 4 muestra el resultado 

 
 
 
 
 
 
 
 
 
 
 

Figura 4: Nivelación de la cámara D415 utilizando la aplicación de medida del iPhone. 
 

9. Observe la imagen de la cámara en el portátil y decida si el cuerpo del paciente está                 
completamente en el marco (Figura 5). Si esto no es posible debido a que la cámara                
está demasiado cerca del paciente, retire la cámara RealSense D415 del extremo largo del              
brazo y colóquela en el otro brazo, de extremo más corto y repita el proceso. Si el                 
paciente todavía no está en el marco, la cama es demasiado alta y / o el techo demasiado                  
bajo para el requisito de distancia mínima se cumpla, lo que puede comprometer la              
calidad de los datos. Pruebe una cama inferior o una habitación diferente para colocar el               
sistema.  

10. Después de que la imagen se vea similar a la Figura 5, proceder a asegurar el montaje en                  
el techo ya sea mediante la perforación de agujeros en el techo que se ajustan a un                 
tornillo de 1/4in o, si la perforación no es posible, mediante el uso de un adhesivo fuerte                 
(cinta adhesiva industrial (Gris, “Duct Tape”) es una buena opción ya que la suma de la                
cámara + montura + cableado pesa mucho menos de 38 libras, la resistencia media de la                
cinta adhesiva industrial). Asegúrese de limpiar la superficie donde se colocará el            
adhesivo para maximizar la duración. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figura 5: Expectativa de imagen al instalar la cámara RealSense D415 por encima del paciente. 
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11. Después de esto, elija un lugar donde el ordenador se pueda colocar por un largo periodo                

de tiempo y fije el cable de extensión USB 3.0 al techo y la pared en una dirección hacia                   
el sistema. El cable se puede fijar con clips para cables o un adhesivo (como se dijo                 
anteriormente, la cinta adhesiva industrial es una buena opción). 

 
 

4.0 Montaje de computadoras 
 

1. Comience conectando el cable de alimentación del Beelink Mini PC a la pared. Conecte              
el Beelink Mini PC al cable de alimentación. La figura 6 muestra un ejemplo. 

 
 
 
 
 
 
 
 
 
 
 
 

Figura 6: Adaptador de corriente conectado al Beelink Mini PC. 
 

2. Continúe con la conexión del teclado con cable a cualquier puerto USB. A continuación,              
proceda a conectar el cable de extensión USB 3.0 al Mini PC Beelink en un puerto                
AZUL USB 3.0. La conexión al puerto USB 2.0 amarillo resulta en errores del sistema.                
Una imagen de ejemplo se muestra en la Figura 7: 
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Figura 7: Puertos Beelink Mini PC USB 2.0 (amarillo) y 3.0 (azul). Utilice siempre puertos 
azules para el cable de extensión USB 3.0 que se conecta a la cámara D415. 

 
Después de esto, el sistema estará listo para comenzar a recopilar datos. Consulte el documento               
Manual de operaciones para obtener instrucciones sobre la configuración inicial y encender y             
apagar el sistema. 
 
Si se requiere ayuda, póngase en contacto con +57-520-273-6265 a través de WhatsApp para              
obtener la ayuda más inmediata posible. Si no hay respuesta, envíe un correo electrónico a               
alejandroortega@email.arizona.edu  para establecer una reunión de soporte técnico. 
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1.0 Assembly Materials: 
 

To assemble the MVP SDNS Data Collection System, make sure that before you start,              
you have the following parts (See appendix for picture references): 

1. Intel RealSense D415 Camera 
a. D415 Camera 
b. USB-C to USB 3.0 male-female cable 

2. Beelink Mini PC. 
a. Mini PC 
b. Power Cord 
c. HDMI to HDMI cable (for diagnostics) 

3. USB 3.0 active extension cord 
4. Roof “L-shaped” support 

a. Mount 
b. 2 1⁄4in Screws 

5. Wired Keyboard 
6. Windows 10 Laptop with at least 1 USB 3.0 port (for Initial Placement of D415 Camera) 

a. Intel RealSense SDK 2.0 can and needs to be installed for placement of the              
camera. To download the installer, visit:  
https://github.com/IntelRealSense/librealsense/releases/download/v2.29.0/Intel.Re
alSense.SDK.exe  

2.0 Software Installation 
A critical aspect of this system is the software that runs it. It is freely available on our                  

github website, https://github.com/gordiedowns/UA-SDNS. Download or clone the repo and         
have the files ready in your desktop. 

Next, when you set up the system, you likely used a microsoft account to do it. We need                  
to remove this account and use a local account. To do so go to windows settings, accounts, and                  
click on “Sign in with a local account instead”. Follow the steps and allow the system to reboot.                  
Write down the local username and password 

Following step is to install the Intel RealSense SDK 2.0. To do so, go to the link                 
mentioned in section 1, download and execute the .exe file so that the software installs.  

Anaconda is a powerful tool for python development, and it is used in this project. To                
install it go to www.anaconda.com. Choose all the default installation instructions and take note              
of the path where Anaconda 3 was installed.  

Now we need to create a virtual environment for the script to run in. To do so use the                   
windows search bar and search for Anaconda Prompt. Open the console and type in the               
following: 

● conda create -n intelpython3 -c intel python=3.7 intelpython3_full 
Allow for installation of the environment and then activate it using the following command: 

● conda activate intelpython3 
If it gives an error, try installing the environment again. Now we need to install 3 dependencies                 
that are not present in the original environment. To do so type the following commands: 

● pip install pyrealsense2==2.31.0.1235 
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○ This is because a later update caused recordings to be unopenable, so this version              
is required 

● pip install opencv-python 
● pip install pynput 

 
After you do this, you can close the Anaconda Prompt Window. A tricky part starts now.                

Remember the path you wrote down about where the anaconda prompt was installed? We are               
going to navigate to the project files and go to a file named sdns.bat. Edit the file with notepad                   
and edit the paths that appear on the first line, pointing to ‘/activate.bat’ to the path in your                  
computer where that file is. It should be in the folder where Anaconda was installed, under the                 
Scripts folder. Edit that path to lead to the activate.bat file and the path next to it to point to the                     
root folder of Anaconda 3 (‘.../Anaconda3). The path in your system might look like this:               
“C:/Users/guard/Anaconda3/Scripts/activate.bat C:/Users/guard/Anaconda3/” But it also might      
differ. Make sure you set the right path. 

Now in the second line make sure it says intelpython3 where it activates the environment               
and for the third line pay attention. If you are running this to monitor patients (SDNS), set the                  
path to the main_realtime.py file in the current_main folder of the project. If you are using this                 
system for Data Collection (DCS) point the path towards main.py. Save and close the file 

Create a shortcut to the sdns.bat by right-clicking it and choosing “create shortcut”. Cut              
this shortcut and then press Windows Key + R. Type in “shell:startup” and it will open a folder.                  
Paste the shortcut in this folder so that the software runs every time the system boots up. 

Now press the Windows Key and type netplwiz. This will open a window where you will                
uncheck the box that says “Users must enter a username and password to use this system”.                
Following this enter the credentials to the computer, which are the local username and local               
password you chose for the system earlier. Hit ok and close all windows. This allows for the                 
system to log in automatically and run the scripts. 

OneDrive is usually on when you set up a new system. Hit the Ctrl+Shift+Esc keys and                
go to the startup tab in the Task Manager, Right click and disable OneDrive and any                
programs that seem unnecessary or conflicting with the operation of the system. The             
SDNS set-up of software stops here 
The following steps apply only to the camera in DCS mode 
Download Dropbox and log in using credentials obtained from Alejandro Ortega           

(alejandroortega@email.arizona.edu). Once it downloads, chose all the default installation         
options, and then go to the folders and create folders called “Data Collection Camera n” (replace                
n with the corresponding camera number (whatever is next to the biggest one present already),               
“Plots with motion camera n” and “Plots without motion camera n”. Now go to the current_main                
folder in the project files and edit the main.py script. Navigate until line 26, 29 and 30 and                  
replace those paths with the full path to the dropbox folders respectively. Make sure folder               
paths use the “/” forward slash instead of the “\” backslash. 

After this, the system is ready to collect data for improving the SDNS’s algorithms. 
 
 
 
 
3.0 Camera Mount Assembly 
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The first step in mounting the camera is choosing the right place to place it, ideally above the                  
patient’s bed towards the middle so that the patient is on the center of the frame, and the whole                   
body of the patient is visible.  
 

1. Take the “L-shaped” mount, one ¼in screw and the RealSense D415 camera and             
assemble it by placing the screw through the long arm of the mount on the distal end                 
where it is slightly wider, to allow for the screw to pass cleanly.  

2. Following this, take the D415 camera and attach it to the 1⁄4in screw, until it is secured                 
firmly and pointing away from the other arm. Figure 1 shows the result: 

 
 
 
 
 

 
 
 

 
 
 
 

Figure 1: Assembly of roof mount and RealSense D415 camera. Note that for the screw to go 
through the mount, it needs to be introduced at the distal end of the arm. 

 
3. Now connect the USB 3.0 extension cord to the USB-C to USB 3.0 cord and then the 

USB-C end of the cord to the RealSense D415 camera.  
4. Following this, connect the USB 3.0 extension cord to any USB 3.0 ports in the Windows 

10 laptop for calibration. An example is shown in Figure 2: 

 
Figure 2: Result of connecting the RealSense D415 to the Windows 10 calibration laptop using 
the USB 3.0 extension cord. Extension to USB-C cable (left), USB-C to D415 camera (center), 

USB 3.0 extension to laptop (right) 
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5. If the laptop is off, turn it on and proceed to launch the Intel RealSense Viewer software                 
in the computer that came when installing the Intel RealSense SDK 2.0.  

6. Once it has launched, check in the top left corner for the camera overview, and click on                 
the switch that says in red: “Depth Stream”. This will allow you to observe the point of                 
view of the camera. Figure 3 shows the result: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Image output of the RealSense D415 camera using RealSense Viewer 
 

7. Place the laptop in a position such that you can see it with ease while mounting the                 
camera. Now, place the short arm of the mount against the roof above the patient’s bed,                
centering it as much as possible taking the bed as a reference. Make sure to be careful                 
when placing the mount if the patient is on the bed.  

8. Take a leveler (most smartphones have an app to measure the level of a surface) and                
make sure the surface of the lens of the camera is parallel to the ground. Figure 4 shows                  
the result 

 
 
 
 
 
 
 
 
 
 
 

Figure 4: Leveling of D415 camera using the iPhone’s measure app. 
 

9. Observe the output of the camera and decide whether the patient’s body is fully in frame.                
If not due to the camera being too close to the patient, remove the RealSense D415                
camera from the long end of the arm and place it on the other, shorter end and repeat. If                   
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the patient is still not in frame, the bed's too tall and/or the roof too low for the minimum                   
distance requirement to be met, potentially compromising the quality of the data. Try a              
lower bed or a different room for placing the system.  

10. Following that the frame looks similar to Figure 5, proceed to secure the mount in the                
roof either by drilling holes in the roof that fit a 1/4in screw or, if drilling not possible, by                   
using a strong adhesive (duct tape is a good option since the camera + mount + cable                 
assembly weighs much less than 38 lbs, the average strength of duct tape). Make sure to                
clean the surface where the adhesive will be placed to maximize duration. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Frame expectation from placing the RealSense D415 Camera above the patient. 
 

11. Following this, choose a place where the computer can be set-up and secure the USB 3.0                
extension cord to the roof and wall in a direction towards the wall where the system is                 
closest to. The cable can be secured using cable clips or an adhesive (here again duct tape                 
is a good option).  

3.0 Computer Assembly 
 

1. Begin by connecting the Beelink Mini PC power cord to the wall. Connect the Beelink               
Mini PC to the power cord. Figure 6 shows an example. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Power adapter to Beelink Mini PC connection.  
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2. Proceed to connect the wired keyboard to any USB port. Then proceed to connect the               
USB 3.0 extension cord to the Beelink Mini PC in a BLUE USB 3.0 port. Connection to                 
the yellow USB 2.0 port will result in errors. An example picture is shown in Figure 7: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Beelink Mini PC USB 2.0 (yellow) and 3.0 (blue) ports. Always use blue ports for the 

USB 3.0 extension cord that connects to the D415 camera. 
 
 

 
After this, the system will be ready to start collecting data. Please refer to the Manual of                 
Operations document for instructions about the initial setup and powering on and shutting down              
the system. 
 
If any help is required, please contact +57-520-273-6265 through WhatsApp for the most             
immediate help possible. If there is no response, please send an email to             
alejandroortega@email.arizona.edu to set up a meeting for technical support. 
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1.0 Initial Setup 
 
The following steps only have to be done the first time the system is turned on, Before starting,                  
note that an HDMI monitor and a USB mouse are needed for initial setup. The system can be                  
moved to a different location if convenient and the camera does not need to be connected for this                  
initial setup. 
 

1. Connect one end of the HDMI cable to the Beelink Mini PC in either of the two HDMI                  
ports, and the other end to the monitor. Connect the power adapter to the Mini PC. Make                 
sure the mouse and the keyboard are connected as well through USB ports. Figure 1               
shows the result: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Beelink Mini PC with power cord, mouse, keyboard and HDMI cables attached 
  

2. Turn the system on by pressing the red button on the Mini PC until a blue LED flashes                  
and wait for it to automatically log in. A black terminal screen should appear. Press               
CTRL+Pause/Break (Usually at the top right of the keyboard to the right of F12) to stop                
the terminal from executing the software. Then press Y and then Enter to close the               
terminal. Figure 2 shows an example 
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Figure 2: Terminal output that appears every time the system boots up.  
 

3. Using the mouse, click on the Wi-Fi icon at the bottom right of the screen to setup the                  
wireless network. Choose the wireless network provided by the clinical center for the             
study and connect to it according to the institution’s instructions. Figure 3 shows where              
the icon should be: 

 
 
 
 
 
 
 

Figure 3: Wireless Network Icon in Windows 10. Click on the arrow if icon not visible 
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4. Check if the connection has internet by accessing any website using any browser             
available in the Mini PC. Microsoft Edge and Google Chrome should be already installed              
on the system. 

5. Shut down the system by clicking the Windows button at the bottom left of the screen,                
then the power options and then shut down. Place it back on its original place if it was                  
moved for the setup, making sure that the wireless network reaches the location of the               
Mini PC (using a different device (mobile phone) can help to identify the strength of the                
signal at the desired location) 

6. Make sure that when placing the system back, the keyboard and RealSense D415 camera              
are the only peripherals that should be connected to the Beelink Mini PC 

Now, the system is ready to collect and send information to the cloud.  
 

2.0 Powering on the system 
 
The following steps must be repeated every time the system is turned on: 
 

1. Before turning on the system, make sure that the patient is in bed, and the conditions of                 
the room are identical to the conditions the patient is going to sleep in (Objects in the                 
room, blankets, etc) 

2. Inform the patient that calibration is going to take place. For this stage, the patient is                
going to be asked to stay still for about 3 minutes. This will allow the system to calibrate                  
properly for motion detection during sleep. 

3. Press the red on/off button firmly. If the system is powering on, the button will shine a                 
blue light to indicate so. 

4. Move out of the frame of the camera and indicate the patient to stay still. Good practice is                  
taking two long steps away from the camera to make sure there is no interference in the                 
image. Make sure that there are no interruptions in the calibration stage, as this can lead                
to faulty data gathering. If you believe you took longer than 45 seconds to move away                
from the camera, or that any object entered the frame during calibration, shut down the               
system by following the steps on section 3.0 to turn the system off (last three steps) and                 
repeat the process of powering on the system 

5. Time 3 minutes in a any clock/stopwatch/smartphone. This will allow for the camera to              
auto-adjust to the current conditions of the patient’s bed.  

6. After the 3 minutes have passed, the system should have calibrated and it is now               
recording data looking for motion during sleep. Avoid creating any unnecessary           
interruptions in the recording of the data. The idea is to record the patient during their                
sleep with nothing else but the patient moving in the recording. By no means we are                
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suggesting that the patient must be left alone no matter the situation. In case an               
intervention is needed, or a medical practitioner needs to move around the field of view               
of the camera, shut down the system as explained by the following section, and resume               
recording by repeating these previous steps. 

 

3.0 Shutting down the system 
 
The following steps must be followed every time the data gathering is meant to be stopped, and                 
when attempting to resume the recording: 
 

1. Press the “f” key on the keyboard to indicate the system the recording is to stop. 
2. Time 5’30” in any clock/stopwatch/smartphone to allow for final recording to be saved             

and processed. 
3. After the 5’30” have passed, the system is no longer recording and/or processing data, but               

it is still uploading the files to the cloud.  
 
NOTE: The system must not be shut down to allow it to upload the desired files to the cloud. If                    
the system is shut down, the files will not upload, and the next time it records, it has an increased                    
risk of filling up the disk, compromising potentially valuable data. Once the files are uploaded,               
the Dropbox software erases them from the local hard drive, saving up space and reducing the                
risk of filling the hard drive. 
 
The only time the system should be turned off, is with the purpose of resuming the recording. To                  
do so follow these next steps: 
 

1. Press and hold the red power button until the blue light is no longer on. 
2. Check by listening to the fans of the Mini PC and looking at the blue LED in the power                   

button. If no sound can be heard and the LED is off, that means the system is off 
3. Follow the steps in section 2.0 to start the system and resume data gathering  

 
 
This concludes the Manual of Operation for the MVP SDNS Data Collection System. 
 
If any help is required, please contact +57-520-273-6265 through WhatsApp for the most             
immediate help possible. If no response, please send an email to           
alejandroortega@email.arizona.edu to set up a meeting for technical support. 
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1.0 Configuración inicial 
 
Los siguientes pasos sólo tienen que hacerse la primera vez que el sistema se enciende, Antes de                 
iniciar, tenga en cuenta que un monitor HDMI y un ratón USB son necesarios para la                
configuración inicial. El sistema se puede mover a una ubicación diferente si es conveniente y la                
cámara no necesita estar conectada para esta configuración inicial. 
 

1. Conecte un extremo del cable HDMI al Beelink Mini PC en cualquiera de los dos puertos                
HDMI y el otro extremo al monitor. Conecte el adaptador de corriente al Mini PC.               
Asegúrese de que el ratón y el teclado también se ajustana través depuertos USB. La               
Figura 1 muestra el resultado: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figura 1: Beelink Mini PC con cable de alimentación, ratón, teclado y cables HDMI conectados 
  

2. Encienda el sistema pulsando el botón rojo del Mini PC hasta que parpadee un LED azul                
y espere a que inicie sesión automáticamente. Debería aparecer una pantalla de terminal             
negro. Presione CTRL+Pausa/Break (Normalmente en la parte superior derecha del          
teclado a la derecha de F12) para impedir que el terminal ejecute el software. A               
continuación, presione “Y” y luego Enter para cerrar el terminal. La figura 2 muestra un               
ejemplo: 
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Figura 2: Texto del terminal que aparece cada vez que se inicia el sistema. 
 

3. Con el ratón, haga clic en el icono de Wi-Fi en la parte inferior derecha de la pantalla                  
para configurar la red inalámbrica. Elija la red inalámbrica proporcionada por el centro             
clínico para el estudio y conéctese a ella de acuerdo con las instrucciones de la               
institución. Figura 3 muestra donde el icono debe estar: 

 
 
 
 
 
 
 

Figura 3: Icono de red inalámbrica en Windows 10. Haga clic en la flecha si el icono no está 
visible 

 
4. Compruebe si la conexión tiene Internet accediendo a cualquier sitio web utilizando            

cualquier navegador disponible en el Mini PC. Microsoft Edge y Google Chrome ya             
deberían de estar instalados en el sistema. 
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5. Apague el sistema haciendo clic en el botón de Windows en la parte inferior izquierda de                
la pantalla, luego las opciones de energía y luego apague. Colóquelo de nuevo en su lugar                
original si se movió para la configuración, asegurándose de que la red inalámbrica             
alcance la ubicación del Mini PC (utilizando un dispositivo diferente (teléfono móvil)            
puede ayudar a identificar la intensidad de la señal en la ubicación deseada) 

6. Asegúrese de que al colocar el sistema de nuevo, el teclado y la cámara RealSense D415                
son los únicos periféricos que deben conectarse al Beelink Mini PC 

Ahora, el sistema está listo para recopilar y enviar información a la nube. 

2.0 Encendido del sistema 
 
Los siguientes pasos deben repetirse cada vez que se enciende el sistema: 
 

1. Antes de encender el sistema, asegúrese de que el paciente está en la cama, y las                
condiciones de la habitación son idénticas a las condiciones en las que el paciente va a                
dormir (Objetos en la habitación, mantas, etc.) 

2. Informe al paciente de que se va a realizar la calibración. Para esta etapa, se le pedirá al                  
paciente que se quede quieto durante unos 3 minutos. Esto permitirá que el sistema se               
calibre correctamente para la detección de movimiento durante el sueño. 

3. Pulse firmemente el botón rojo de encendido/apagado. Si el sistema se está encendiendo,             
el botón iluminará una luz azul para indicarlo. 

4. Salga del marco de la cámara e indique al paciente que se quede quieto. Una buena                
práctica es tomar dos largos pasos de distancia de la cámara para asegurarse de que no                
hay interferencia en la imagen. Asegúrese de que no haya interrupciones en la etapa de               
calibración, ya que esto puede conducir a una recopilación de datos defectuosa. Si cree              
que ha tardado más de 45 segundos en alejarse de la cámara, o si algún objeto entró en el                   
marco durante la calibración, apague el sistema siguiendo los pasos de la sección 3.0              
(últimos tres pasos) y repita el proceso de encendido del sistema 

5. Cuente 3 minutos en cualquier reloj / cronómetro / teléfono inteligente. Esto permitirá             
que la cámara se ajuste automáticamente a las condiciones actuales de la cama del              
paciente.  

6. Después de que los 3 minutos han pasado, el sistema debe estar calibrado y ahora está                
registrando datos en busca de movimiento durante el sueño. Evite crear interrupciones            
innecesarias en el registro de los datos. La idea es grabar el movimiento del paciente               
durante su sueño sin nada más que el paciente en la grabación. De ninguna manera               
estamos sugiriendo que el paciente debe ser dejado solo sin importar la situación. En caso               
de que se necesite una intervención, o un médico necesite moverse por el campo de               
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visión de la cámara, apagar el sistema como se explica en la siguiente sección y reanudar                
la grabación repitiendo estos pasos anteriores (Sección 2.0). 

3.0 Apagado el sistema 
 
Los siguientes pasos deben seguirse cada vez que se pretende detener la recopilación de datos y                
al intentar reanudar la grabación: 
 

1. Pulse la tecla "f" del teclado para indicar el sistema en el que se detendrá la grabación. 
2. Tiempo 5'30" en cualquier reloj / cronómetro / teléfono inteligente para permitir que la              

grabación final sea guardada y procesada. 
3. Después de que el 5'30" ha pasado, el sistema ya no está grabando y / o procesando datos,                  

pero todavía está cargando los archivos a la nube. 
 
NOTA: El sistema no debe apagarse para permitirle que cargue los archivos deseados en la nube.                
Si el sistema se apaga, los archivos no se cargarán y la próxima vez que registre, tiene un riesgo                   
incrementado de llenar el disco, comprometiendo los datos potencialmente valiosos. Una vez            
cargados los archivos, el software de Dropbox la borra del disco duro local, ahorrando espacio y                
reduciendo el riesgo de llenar el disco duro. 
 
La única vez que el sistema debe ser apagado, es con el propósito de reanudar la grabación. Para                  
ello, siga estos pasos siguientes: 
 

1. Mantenga pulsado el botón rojo hasta que la luz azul ya no esté encendida. 
2. Compruebe escuchando los ventiladores del Mini PC y mirando el LED azul en el botón               

de encendido. Si no se oye ningún sonido y el LED está apagado, eso significa que el                 
sistema está apagado 

3. Siga los pasos de la sección 2.0 para iniciar el sistema y reanudar la recopilación de datos 
 
 
Esto concluye el Manual de Operación para el Sistema de Recopilación de Datos MVP SDNS. 
 
Sise requiere cualquier ayuda, por favor póngase en contacto con +57-520-273-6265 a través de              
WhatsApp para la ayuda más inmediata posible. Si no hay respuesta, envíe un correo electrónico               
a  alejandroortega@email.arizona.edu para establecer una reunión de soporte técnico. 
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1.0 Introduction 
This document details the procedures undergone to validate the as built Seizure Detection and              

Notification System (SDNS) Minimum Viable Product (MVP). This document includes all test            
procedures as well as the benchmarks required to pass each test. In order for the MVP to be considered                   
acceptable each test must be passed. Test will be documented on the “ATP Sheet” found in Appendix                 
16.2 of this document. 

1.1 Acronyms and Definitions 
● SDNS- Seizure Detection and Notification System 
● MVP- Minimum Viable Product 
● FPS- Frames per second 
● RGB- Red Green Blue 
● Tester- person who is conducting the test 
● Test subject- person who is performing motions for the test 

2.0 Summary of Tests 
 

ID Name System/Subsystem Requirement 

IMG_Cap_T1 RGB Rate Test SSR1.1.2 

IMG_Cap_T2 Depth Map Rate Test SSR1.1.4 

IMG_Ana_T1 Movement Algorithm Rate Test SSR1.2.1 

IMG_Ana_T2 Bed Sheet Positive Test SSR1.3.1, SSR1.3.2 

IMG_Ana_T3 Bed Sheet Negative Test SSR1.3.1, SSR1.3.2 

IMG_Ana_T4 Seizure Algorithm Rate Test SSR1.2.2 

IMG_Ana_T5 Seizure Algorithm Accuracy Test SSR 1.3.3 

APP_Notif_T1 Notification Object Test SR2.1, SSR2.1.1, SSR2.1.2 

APP_Notif_T2 Notification Wireless Test SR2.2, SSR2.2.1 

APP_Notif_T3 Timing Reliability Test SR2.3,  SSR2.3.1 

Seiz_Det_T1 Seizure Timing Test SR1.4. SSR1.4.1, SSR1.4.2 
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3.0 Figures 

4.0 Required Equipment 
 

Description  Part Number Accuracy 

Intel RealSense D415 Camera 200301 n/a 

Intel Mini PC 200302 n/a 

Computer Monitor n/a n/a 

Bed n/a n/a 

Bed Sheet  n/a Standard Sheet Size 

Image Capture Subsystem 200104 n/a 

Image Analysis Subsystem 200105 n/a 

List of Movements Appendix 16.1 n/a 
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5.0 IMG_Cap_T1 | RGB Rate Test 
This test identifies the rate at which the system is capturing RGB images in terms of frames per 

second. 

5.1 Referenced Documents 
● 102 - SRD - RevB - 200303 - “System Requirements Document” 

○ SSR1.1.2 - The system shall capture RGB images at a rate of at least 16 frames per                 
second not exceeding 40 frames per second.  

● 205 - Test Sheets - RevB - 200303 - “IMG_Cap_T1 ATP” 

5.2 Table of Tests 
 

ID Name System/Subsystem Requirement 

IMG_Cap_T1 RGB Rate Test SSR1.1.2 

5.3 Test Setup 
The Image Capture subsystem shall be connected to a computer. The Intel RealSense Camera will be                
setup 2 m +/-0.1 m from any object. The image capture subsystem will be configured to capture RGB                  
video at a resolution of 640 by 480 pixels. 

5.4 Test Procedure 
1. The tester will start the Image Capture subsystem capturing video. 
2. The tester will wait 60 seconds and stop the recording. 
3. The Image Capture subsystem will print out the average number of frames per second and the                

results will be recorded. 
4. If the requirement is met by the results the test is complete. 
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6.0 IMG_Cap_T2 | Depth Map Rate Test 
This test identifies the rate at which the system is capturing depth maps in terms of frames per                  

second. 

6.1 Referenced Documents 
● 102 - SRD - RevB - 200303 - “System Requirements Document” 

○ SSR1.1.4 - The system shall capture a depth map at a rate at least 16 frames per second                  
not exceeding 40 frames per second.  

● 205 - Test Sheets - RevB - 200303 - “IMG_Cap_T2 ATP” 

6.2 Table of Tests 
 

ID Name System/Subsystem Requirement 

IMG_Cap_T2 Depth Map Rate Test SSR1.1.4 

6.3 Test Setup 
The Image Capture subsystem shall be connected to a computer. The Intel RealSense Camera will               

be setup 2 m +/-0.1 m from any object. The image capture subsystem will be configured to capture                  
infrared depth map at a resolution of 640 by 480 pixels. 

6.4 Test Procedure 
1. The tester will start the Image Capture subsystem capturing video. 
2. The tester will wait 60 seconds and stop the recording. 
3. The Image Capture subsystem will print out the average number of frames per second and the                

results will be recorded. 
4. If the requirement is met by the results the test is complete. 
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7.0 IMG_Ana_T1 | Movement Algorithm Rate Test 
This test identifies the rate at which the Image Analysis subsystem can detect motion in terms of                 

frames per second. This is essential for the ultimate goal of steady-state processing ads movement               
detection is the first step to seizure detection.  

7.1 Referenced Documents 
● 102 - SRD - RevB - 200303 - “System Requirements Document” 

○ SSR1.2.1 - The system shall perform motion detection algorithm at a rate of at least 16 
frames per second. 

● 205 - Test Sheets - RevB - 200303 - “IMG_Ana_T1 ATP” 

7.2 Table of Tests 
 

ID Name System/Subsystem Requirement 

IMG_Ana_T1 Movement Algorithm Rate Test SSR1.2.1 

7.3 Test Setup 
The Image Capture and Image Analysis subsystems shall be connected to a computer. They shall               

be integrated to allow passage of data collected from the Image Capture subsystem to the Image Analysis                 
subsystem. The Intel RealSense Camera will be setup 2 m +/-0.1 m above a test subject laying on a bed.                    
The test subject will be entirely in the frame of the camera.The Image Capture subsystem will be                 
configured to capture RGB video and infrared depth maps at a resolution of 640 by 480 pixels. 

7.4 Test Procedure 
1. The tester will run the integrated system. 
2. The test subject will execute a list of 10 movements (as listed in appendix 16.1 of this document)                  

with a space of 30 seconds between each movement. 
3. The tester will turn off the system after all movements have been completed.  
4. The system will output the average FPS analyzed by the Image Analysis subsystem over the test                

and the results will be recorded. 
5. If the requirement is met by the result the test is complete.  
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8.0 IMG_Ana_T2 | Bed Sheet Positive Test 
This test identifies the systems accuracy in detecting motion when motion under a bedsheet is               

present. It will be used in conjunction with IMG_Ana_T3, found in section 9.0 of this document, to                 
demonstrate the system's ability to correctly differentiate video with human motion and video without              
human motion, all while the test subject is lying under a bedsheet. The test also verifies that the system                   
can pass the data needed between the Image Capture and Image Analysis subsystem. This test can only be                  
considered a success if the system is able to detect motion 10/10 times. 

8.1 Referenced Documents 
● 102 - SRD - RevB - 200303 - 200303 “System Requirements Document” 

○ SSR1.3.1 - The system shall analyze video data from the image capture subsystem. 
○ SSR1.3.2 -The system shall detect motion through a bedsheet. 

● 205 - Test Sheets - RevB - 200303 - 200303 “IMG_Ana_T2 ATP” 

8.2 Table of Tests 
 

ID Name System/Subsystem Requirement 

IMG_Ana_T2 Bed Sheet Positive Test SSR1.3.1, SSR1.3.2, SSR 1.5.1 

8.3 Test Setup 
The Image Capture and Image Analysis subsystems shall be connected to a computer. They shall               

be integrated to allow passage of data collected from the Image Capture subsystem to the Image Analysis                 
subsystem. The Intel RealSense Camera will be setup 2 m +/-0.1 m above a test subject laying on a bed.                    
The test subject will be entirely in the frame of the camera. The test subject will go under the cover of a                      
bedsheet as they would when they are sleeping. The Image Capture subsystem will be configured to                
capture RGB video and infrared depth maps at a resolution of 640 by 480 pixels. No other RGB video or                    
depth maps will be available to the Image Analysis subsystem other than those the Image Capture                
subsystem captures during the test. The initial score is 0/10. 

8.4 Test Procedure 
1. The tester will run the integrated system. 
2. The test subject will execute a list of 10 movements (as listed in appendix 16.1 of this document)                  

with a space of 30 seconds between each movement. 
3. After each movement the tester will mark down whether the system detected the movement,              

adding 1 to the score if it was detected and 0 if it was not detected. 
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4. After all movements are complete the tester will turn off the system. 
5. If the system detected motion 10 times that the test is complete and requirements SSR1.3.1,               

SSR1.3.2, and SSR 1.5.1 are verified.  
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9.0 IMG_Ana_T3 | Bed Sheet Negative Test 
This test identifies the systems accuracy in detecting motion when motion under a bedsheet is 

present. It will be used in conjunction with IMG_Ana_T2, found in section 8.0 of this document, to 
demonstrate the system's ability to correctly differentiate video with human motion and video without 
human motion, all while the test subject is lying under a bedsheet. This version of the test checks for false 
detection of motion. The test also verifies that the system can pass the data needed between the Image 
Capture and Image Analysis subsystem. This test can only be considered a success if the system is able to 
not detect motion 10/10 times. 

9.1 Referenced Documents 
● 102 - SRD - RevB - 200303 - 200303 - “System Requirements Document” 

○ SSR1.3.1 - The system shall analyze video data from the image capture subsystem. 
○ SSR1.3.2 -The system shall detect motion through a bedsheet. 

● 205 - Test Sheets - RevB - 200303 - 200303 - “IMG_Ana_T3 ATP” 

9.2 Table of Tests 
 

ID Name System/Subsystem Requirement 

IMG_Ana_T3 Bed Sheet Negative Test SSR1.3.1, SSR1.3.2 

9.3 Test Setup 
The Image Capture and Image Analysis subsystems shall be connected to a computer. They shall 

be integrated to allow passage of data collected from the Image Capture subsystem to the Image Analysis 
subsystem. The Intel RealSense Camera will be setup 2 m +/-0.1 m above a test subject laying on a bed. 
The test subject will be entirely in the frame of the camera. The test subject will go under the cover of a 
bedsheet as they would when they are sleeping. The Image Capture subsystem will be configured to 
capture RGB video and infrared depth maps at a resolution of 640 by 480 pixels. No other RGB video or 
depth maps will be available to the Image Analysis subsystem other than those the Image Capture 
subsystem captures during the test. The initial score is 0/10. 

9.4 Test Procedure 
1. The tester will run the integrated system. 
2. The test subject will lie still (like they are trying to fall asleep) for 10 snippets of 30 seconds each. 
3. After each 30 second segment the tester will mark down whether the system detected movement, 

adding 0 to the score if motion was detected and 1 if it was not detected. 
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4. After 10 snippets the tester will turn off the system. 
5. If the system did not detect motion 10 times that the test is complete and requirements SSR1.3.1 

and SSR1.3.2 are verified.  
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10.0 IMG_Ana_T4 | Seizure Algorithm Rate Test 
This test identifies the rate at which the Image Analysis subsystem can detect seizures in terms of                 

frames per second. This is essential for the ultimate goal of steady-state processing ads movement               
detection is the first step to seizure detection.  

10.1 Referenced Documents 
● 102 - SRD - RevB - 200303 - “System Requirements Document” 

○ SSR1.2.2 - The system shall perform seizure detection algorithm at a rate of at least 16 
frames per second. 

● 205 - Test Sheets - RevB - 200303 - “IMG_Ana_T4 ATP” 

10.2 Table of Tests 
 

ID Name System/Subsystem Requirement 

IMG_Ana_T4 Seizure Algorithm Rate Test SSR1.2.2 

10.3 Test Setup 
The Image Capture and Image Analysis subsystems shall be connected to a computer. They shall               

be integrated to allow passage of data collected from the Image Capture subsystem to the Image Analysis                 
subsystem. The Intel RealSense Camera will be setup 2 m +/-0.1 m above a test subject laying on a bed.                    
The test subject will be entirely in the frame of the camera.The Image Capture subsystem will be                 
configured to capture infrared depth maps at a resolution of 640 by 480 pixels and/or 1280 by 720 pixels                   
(if it is determined the system is fast enough to run in this resolution, it will be used). 

10.4 Test Procedure 
1. The tester will run the integrated system. 
2. The tester will start the video feed from the image capture subsystem and process it with the                 

seizure detection algorithm. 
3. The tester will turn off the system after all movements have been completed.  
4. The system will output the time to process each 30-frame window and FPS are calculated for                

each time a window was processed. All results recorded 
5. If the requirement is met by the result the test is complete.  
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11.0 IMG_Ana_T5 | Seizure Algorithm Accuracy Test 
This test identifies the accuracy for the Image Analysis subsystem processing of depth data that               

contains seizure and non-seizure motion. This accuracy is determined as said in the System Requirements               
Document 100,102 Section 3.0 Definitions. 

11.1 Referenced Documents 
● 102 - SRD - RevB - 200303 - “System Requirements Document” 

○ SSR1.3.3 - The image analysis subsystem shall detect a seizure with 90% accuracy 
● 205 - Test Sheets - RevB - 200303 - “IMG_Ana_T4 ATP” 

11.2 Table of Tests 
 

ID Name System/Subsystem Requirement 

IMG_Ana_T5 Seizure Algorithm Accuracy Test SSR1.3.3 

11.3 Test Setup 
The Image Analysis subsystem will be running, and it will process a test set that contains both                 

seizure and non-seizure motion. The amount of TP. TN. FP and FN will be counted for processing the                  
entire set. Check the SRD for section 3.0 Definitions for the definition of accuracy. 

11.4 Test Procedure 
6. The tester will run the training set through the image analysis subsystem. 
7. The tester will allow the processing to complete and will count the number of TP’s, TN’s, FP’s                 

and FN’s. 
8. The tester will turn off the system after all movements have been completed.  
9. The tester will calculate the accuracy of the system as described in the SRD document 
10. If the requirement is met by the result the test is complete.  
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12.0 APP_Notif_T1 | Notification Object Test 
This test is to show that the Notification subsystem is capable of creating a notification object on 

the mini pc that can be parsed and used by the app. It does not test the wireless transfer of the notification. 

12.1 Referenced Documents 
● 102 - SRD - RevB - 200303 - “System Requirements Document” 

○ SR2.1 - The system shall trigger an alarm whenever a seizure is detected. 
○ SSR2.1.1 - The image analysis subsystem shall send a data packet to the notification 

subsystem. 
○ SSR2.1.2 - The notification subsystem shall trigger an alarm after receiving a data packet 

from the image analysis subsystem. 
● 205 - Test Sheets - RevB - 200303 - “APP_Notif_T1 ATP” 

12.2 Table of Tests 
 

ID Name System/Subsystem Requirement 

APP_Notif_T1 Notification Object Test SR2.1, SSR2.1.1, SSR2.1.2 

12.3 Test Setup 
The Notification subsystem will include a script on the mini pc and the mini pc connected to the                  

phone app via wire. The app will be running and in the notification receiving mode. 

12.4 Test Procedure 
1. The tester will run the notification creation script 
2. The script will output the notification object to the phone app, and also display it on screen. 
3. The phone app will display the received message 
4. This will be done 10 times. 
5. If the text on the app matches that from the mini pc the verification is complete. 
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13.0 APP_Notif_T2 | Notification Wireless Test 
This test is to show that the Notification subsystem is capable of passing a notification wirelessly 

to the phone app from the mini PC. 

13.1 Referenced Documents 
● 102 - SRD - RevB - 200303 - “System Requirements Document” 

○ SR2.2 - The system shall deliver alerts to the caregivers' smartphone wirelessly. 
○ SSR2.2.1 - The image analysis subsystem shall send a data packet to the notification 

subsystem over the internet.  
● 205 - Test Sheets - RevB - 200303 - “APP_Notif_T2 ATP” 

13.2 Table of Tests 
 

ID Name System/Subsystem Requirement 

APP_Notif_T2 Notification Wireless Test SR2.2, SSR2.2.1 

13.3 Test Setup 
The Notification subsystem will include a script on the mini pc and the the phone app running in                  

the notification receiving mode. 

13.4 Test Procedure 
1. The tester will run the notification creation script. 
2. The script will send the notification message to the server. 
3. The phone app will pull the data from the server. 
4. The phone app will display the received message. 
5. This will be done 10 times. 
6. If the text on the app matches that from the mini pc the verification is complete. 
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14.0 APP_Notif_T3 | Timing Reliability Test 
This test is to show that the Notification subsystem is capable of passing a notification wirelessly 

to the phone app from the mini PC in a timely fashion. 

14.1 Referenced Documents 
● 102 - SRD - RevB - 200303 - “System Requirements Document” 

○ SR2.3 - The alarm shall trigger within 5 seconds of the seizure being detected. 
○ SSR2.3.1 - The notification subsystem shall receive a data packet that triggers an alarm 

within 5 seconds of the the image analysis subsystem detecting a seizure. 
● 205 - Test Sheets - RevB - 200303 - “APP_Notif_T3 ATP” 

14.2 Table of Tests 
 

ID Name System/Subsystem Requirement 

APP_Notif_T3 Timing Reliability Test SR2.3,  SSR2.3.1 

14.3 Test Setup 
The Notification subsystem will include a script on the mini pc and the the phone app running in                  

the notification receiving mode.  

14.4 Test Procedure 
1. The tester will run the notification creation script. 
2. The script will send the notification message to the server. 
3. The phone app will pull the data from the server. 
4. The phone app will trigger an alarm from the data. 
5. This will be done 10 times. 
6. If the time difference between seizure detection and notification is less than or equal to 5 seconds                 

the test passes 
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15.0 Seiz_Det_T1 | Seizure Timing Test 
This test shows that the image analysis subsystem can detect a clonic seizure within 10 seconds.  

15.1 Referenced Documents 
● 102 - SRD - RevB - 200303 - “System Requirements Document” 

○ SSR1.4.1 - The image analysis subsystem shall detect a seizure within 10 seconds of the 
clonic phase starting. 

● 205 - Test Sheets - RevB - 200303 - “Seiz_Det_T1 ATP” 

15.2 Table of Tests 
 

ID Name System/Subsystem Requirement 

Seiz_Det_T1 Seizure Timing Test  SSR1.4.1 

15.3 Test Setup 
The setup includes the and Image Analysis subsystem taking in and processing 10 pre-marked              

videos. “Pre-marked” means that the time that the clonic motion in the video starts is known. The Image                  
Analysis subsystem will save when it detects motion, and a seizure. 

15.4 Test Procedure 
1. The tester will start the Image Analysis Subsystem and start it analyzing the video data. 
2. The Image Analysis Subsystem will be run on the 10 videos. 
3. Once the analysis is done, the time when motion and seizure is detected will be compared to what                  

was known before the analysis. 
4. If a seizure was detected within 10 seconds SSR1.4.1 is verified.  
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16.0 Appendix 

16.1 List of Test Movements 
1. Mimic grand mal seizure for 3 seconds 
2. Make “snow angel” for 3 seconds 
3. Waving right arm in an arc of 1 foot for 3 seconds 
4. Waving left arm in an arc of 1 foot for 3 seconds 
5. Kick right leg in an arc of 1 foot for 3 seconds 
6. Kick left leg in an arc of 1 foot for 3 seconds 
7. Shake head through 120 degree motion for 3 seconds 
8. Sit up and lie down 
9. Scratch head for 3 seconds 
10. Scratch length of thigh for 3 seconds 
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16.2 ATP Sheet 
 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: 
 
Analysis Referenced (for verification by T/A): 
 
Name of Test: 
 
Unit Under Test (UUT): 

Name  
Part Number  
Serial Number 

Results (Pass / Fail): 
 
 

Date of Test: 

Recording of Test 
Measurement: 
 
 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 
 

Test Equipment 
Error: 

Adjusted Test Limit: 

Computations, (Include Analyses Results, if any): 
 
 
 
 
 
 
 
 
 
 
 
 
Signatures: 
Tester ______________________________ 
 
Customer ___________________________ 
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1.0 Introduction 
This document contains the results of the tests performed to validate the as built Seizure               

Detection and Notification System (SDNS) Minimum Viable Product (MVP). This document includes all             
of the Acceptance Test Procedure (ATP) sheets from the tests performed.  

1.1 Acronyms and Definitions 
● SDNS- Seizure Detection and Notification System 
● MVP- Minimum Viable Product 
● FPS- Frames per second 
● RGB- Red Green Blue 
● ATP- Acceptance Test Procedure 
● Tester- person who is conducting the test 
● Test subject- person who is performing motions for the test 

2.0 Reference Documents 
● IDL# - SRD - RevA - “System Requirements Document” 
● IDL# - V&A - RevA -  200121 - “Verification and Acceptance Procedures” 

3.0 Test Sheets 
This section contains the ATPs from tests performed on the system. 
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3.1 IMG_Cap_T1 ATP 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: IDL# - V&A - RevB -  200303 - 5.0 
 
Analysis Referenced (for verification by T/A): n/a 
 
Name of Test: RGB Rate Test 
 
Unit Under Test (UUT): 

Name: Image Capture Subsystem, D415, Mini-PC 
Part Number: 200,104, 200,301, 200,302 
Serial Number: N/A 

Results (Pass / Fail):PASS 
 
 

Date of Test: 01/19/20 

Recording of Test 
Measurement: 
 
30.01 FPS 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 
16 FPS > x <40 
FPS 

Test Equipment 
Error: 
 
n/a 

Adjusted Test Limit: 
 
 
n/a 
 

Computations, (Include Analyses Results, if any): 
Computations were done via code in the Image Capture Subsystem. As video data was 
taken in the amount of frames per second were tracked. 

Signatures: 
Tester Gordon Downs 
 
Customer ___________________________ 
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3.2 IMG_Cap_T2 ATP 
 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: IDL# - V&A - RevA -  200121 - 6.0 
 
Analysis Referenced (for verification by T/A): n/a 
 
Name of Test: Depth Map Rate Test 
 
Unit Under Test (UUT): 

Name: Image Capture Subsystem, Image Analysis Subsystem, D415, Mini PC. 
Part Number: 200,104, 200,105, 200,301 & 200,302 
Serial Number 

Results (Pass / Fail):PASS 
 
 

Date of Test: 

Recording of Test 
Measurement: 
 
30.01 FPS 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 
16 FPS > x <40 
FPS 

Test Equipment 
Error: 
 
n/a 

Adjusted Test Limit: 
 
 
n/a 
 

Computations, (Include Analyses Results, if any): 
Computations were done via code in the Image Capture Subsystem. As video data was 
taken in the amount of frames per second were tracked. 

Signatures: 
Tester Gordon Downs 
 
Customer ___________________________ 
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3.3 IMG_Ana_T1 ATP 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: IDL# - V&A - RevA -  200121 - 7.0 
 
Analysis Referenced (for verification by T/A): n/a 
 
Name of Test: Movement Algorithm Rate Test 
 
Unit Under Test (UUT): 

Name: Image Analysis Subsystem, Intel Mini-PC 
Part Number: 200,105 & 200,302 
Serial Number: N/A 

Results (Pass / Fail):PASS 
 
 

Date of Test: 01/19/20 

Recording of Test 
Measurement: 
 
61.41 FPS 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 
X > 16 FPS  

Test Equipment 
Error: 
 
n/a 

Adjusted Test Limit: 
 
 
n/a 
 

Computations, (Include Analyses Results, if any): 
Computations were done via code in the Image Analysis Subsystem. As video data was 
taken in the amount of frames per second were tracked. 

Signatures: 
Tester Alejandro Ortega 
 
Customer ___________________________ 
 

205- Test Sheets - RevB - 200303 - “Test Sheets” 



5 

3.4 IMG_Ana_T2 ATP 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: IDL# - V&A - RevB -  200303 - 8.0 
 
Analysis Referenced (for verification by T/A): n/a 
 
Name of Test: Bed Sheet Positive Test 
 
Unit Under Test (UUT): 

Name: Image Capture Subsystem, Image Analysis Subsystem, , D415, Mini PC. 
Part Number: 200,104, 200,105, 200,301 & 200,302 
Serial Number: N/A 

Results (Pass / Fail):PASS 
 
 

Date of Test: 01/19/20 

Recording of Test 
Measurement: 
 
10 times motion 
detected 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 
10 times motion 
detected  

Test Equipment 
Error: 
 
n/a 

Adjusted Test Limit: 
 
 
n/a 
 

Computations, (Include Analyses Results, if any): 
Everytime a motion was detected a score of 1 was added to the total score. This happened 
10 times so we ended with a score of 10.  

Signatures: 
Tester Gordon Downs 
 
Customer ___________________________ 
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3.5 IMG_Ana_T3 ATP 
 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: IDL# - V&A - RevB -  200303 - 9.0 
 
Analysis Referenced (for verification by T/A): n/a 
 
Name of Test: Bed Sheet Negative Test 
 
Unit Under Test (UUT): 

Name: Image Capture Subsystem, Image Analysis Subsystem, D415, Mini PC. 
Part Number 200,104, 200,105, 200,301 & 200,302 
Serial Number N/A 

Results (Pass / Fail):PASS 
 
 

Date of Test: 01/19/20 

Recording of Test 
Measurement: 
 
10 times motion 
detected 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 
10 times motion 
detected  

Test Equipment 
Error: 
 
n/a 

Adjusted Test Limit: 
 
 
n/a 
 

Computations, (Include Analyses Results, if any): 
Everytime a motion was not detected a score of 1 was added to the total score. This 
happened 10 times so we ended with a score of 10.  

Signatures: 
Tester Gordon Downs 
 
Customer ___________________________ 
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3.6 IMG_Ana_T4 ATP 
 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: IDL# - V&A - RevB -  200303 - 10.0 
 
Analysis Referenced (for verification by T/A): n/a 
 
Name of Test: Seizure Algorithm Rate Test 
 
Unit Under Test (UUT): 

Name: Image Capture Subsystem, Image Analysis Subsystem, , D415, Mini PC. 
Part Number 200,104, 200,105, 200,301 & 200,302 
Serial Number: N/A 

Results (Pass / Fail):PASS 
 
 

Date of Test: 03/02/20 

Recording of Test 
Measurement: 
 
Average = 71.77 fps 
 
 
 

Requirement (SRD, 
with Tolerances): 
 
>= 16 fps 

Test Equipment 
Error: 
 
n/a 

Adjusted Test Limit: 
 
 
n/a 
 

Computations, (Include Analyses Results, if any): 
Seizure Detection was performed in 10 - 1-second windows and the time it took to run 
the seizure detection algorithm was recorded for each window.  
Times: 0.53, 0.39, 0.42, 0.39, 0.41, 0.44, 0.39, 0.41, 0.41, 0.39 seconds 
FPS: 56.60, 76.92, 71.43, 76.92, 73.17, 68.18. 76.92, 73.17, 73.17, 76.92 
(30 frames/time = fps) 
 
All results are above 16 fps 

Signatures: 
Tester _Alejandro Ortega 
 
Customer ___________________________ 
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3.7 IMG_Ana_T5 ATP 
 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: IDL# - V&A - RevB -  200303 - 11.0 
 
Analysis Referenced (for verification by T/A): n/a 
 
Name of Test: Seizure Algorithm Accuracy Test 
 
Unit Under Test (UUT): 

Name: Image Analysis Subsystem, Mini PC. 
Part Number 200,105 & 200,302 
Serial Number: N/A 

Results (Pass / Fail): 
 
 

Date of Test:  

Recording of Test 
Measurement: 
 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 
X >= 90% 

Test Equipment 
Error: 
 
n/a 

Adjusted Test Limit: 
 
 
n/a 
 

Computations, (Include Analyses Results, if any): 
 

Signatures: 
Tester ___________________________ 
 
Customer ___________________________ 
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3.8 APP_Notif_T1 ATP 
 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: IDL# - V&A - RevB -  200303 - 12.0 
 
Analysis Referenced (for verification by T/A): n/a 
 
Name of Test: Notification Object Test 
 
Unit Under Test (UUT): 

Name: Image Analysis Subsystem, Mini PC, Notification App . 
Part Number 200,10, 200,302 & 200,107 
Serial Number: N/A 

Results (Pass / Fail): 
 
 

Date of Test:  

Recording of Test 
Measurement: 
 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 

10 

Test Equipment 
Error: 
 
n/a 

Adjusted Test Limit: 
 
 
n/a 
 

Computations, (Include Analyses Results, if any): 
 

Signatures: 
Tester ___________________________ 
 
Customer ___________________________ 
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3.9 APP_Notif_T2 ATP 
 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: IDL# - V&A - RevB -  200303 - 13.0 
 
Analysis Referenced (for verification by T/A): n/a 
 
Name of Test: Notification Wireless Test  
 
Unit Under Test (UUT): 

Name: Image Analysis Subsystem, Mini PC, Notification App. 
Part Number  200,105, 200,302, 200,107 
Serial Number: N/A 

Results (Pass / Fail): 
 
 

Date of Test:  

Recording of Test 
Measurement: 
 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 

10 

Test Equipment 
Error: 
 
n/a 

Adjusted Test Limit: 
 
 
n/a 
 

Computations, (Include Analyses Results, if any): 
 

Signatures: 
Tester __________________________ 
 
Customer ___________________________ 
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3.10 APP_Notif_T3 ATP 
 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: IDL# - V&A - RevB -  200303 - 14.0 
 
Analysis Referenced (for verification by T/A): n/a 
 
Name of Test: Timing Reliability Test 
 
Unit Under Test (UUT): 

Name: Image Analysis Subsystem, Mini PC, Notification App. 
Part Number 200,105, 200,302, 200,107 
Serial Number: N/A 

Results (Pass / Fail): 
 

Date of Test:  

Recording of Test 
Measurement: 
 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 
< 5 seconds 

Test Equipment 
Error: 
 
n/a 

Adjusted Test Limit: 
 
 
n/a 
 

Computations, (Include Analyses Results, if any): 
 

Signatures: 
Tester ________________________ 
 
Customer ___________________________ 
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3.11 Seiz_Det_T1 ATP 
 

Acceptance Test Data Sheet 
Referenced ATP Paragraph Number: IDL# - V&A - RevB -  200303 - 10.0 
 
Analysis Referenced (for verification by T/A): n/a 
 
Name of Test: Seizure Timing Test 
 
Unit Under Test (UUT): 

Name: Image Analysis Subsystem, Mini PC. 
Part Number 200,105, 200,302 
Serial Number: N/A 

Results (Pass / Fail): 
 

Date of Test: 

Recording of Test 
Measurement: 
 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 
<= 10 seconds 

Test Equipment 
Error: 
 
n/a 

Adjusted Test Limit: 
 
 
n/a 
 

Computations, (Include Analyses Results, if any): 
 

Signatures: 
Tester ________________________ 
 
Customer ___________________________ 
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The following table indicates the materials/components used for creating the Seizure 
Detection and Notification System: 
 
 

Item Number Description Vendor QTY 

200, 301 Intel RealSense D415 Intel 1 

200, 302 Beelink Mini PC with 
Intel Celeron J3455 

Amazon 1 

200, 303 L-Shape Bracket Amazon 1 

200,304 USB 3.0 female to 
male 5-meter 
extension 

Amazon 1 

200, 305 Wired Keyboard Best Buy 1 
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1.0 INTRODUCTION 
 

This document is a collection of assembly and parts drawings of all the system levels,               
which includes System level, Subsystem level, and Component level. None of the parts shown              
below were manufactured by the team; all the pieces were bought and connected together to               
create SDNS.  
 

The drawings within this document are considered to be “published” for use during             
clinical trials, and update preparations for final delivery. While the project is being developed, it               
has the status of being “unreleased”, until full delivery to Intel.  
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2.0 DRAWINGS BY SYSTEM LEVEL 
 

System: 101,000 - Top Level Assembly Drawing 
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3.0 DRAWINGS BY SUBSYSTEM LEVEL AND COMPONENT LEVEL 
 

The following sections will specify the subsystems and components utilized on the            
SDNS.  
 
 
3.1 DRAWINGS BY CAPTURE IMAGE SUBSYSTEM AND COMPONENTS 
 

The Image capture subsystem and the components shown in the figures are only the Intel               
Realsense D415 camera since is the only specific component which need to be bought exactly in                
this level. The rest components of the subsystem level are a 5-meter USB 3.0 female to male                 
attached to the ceiling and wall with tape, and the L-shape bracket with ¼ universal screw                
attached to the ceiling with tape as well. 
 
 
 
 

7 
 



Component:  200,301 – Intel RealSense D415 
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3.2 DRAWINGS BY ANALYZE IMAGE SUBSYSTEM AND COMPONENTS 
 

The Image analysis subsystem and the components shown in the figures are only the              
Beelink Mini Pc with intel Celeron J3455 since it is the only specific component which need to                 
be bought exactly in this level. The rest components of the subsystem level are a generic wired                 
keyboard, and the power supply which comes with the Mini Pc packet. 
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Component: 200, 302 - Beelink Mini Pc 
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The current Digital Data Package for this project can be found in a GitHub repository               
found using this link: https://github.com/gordiedowns/UA-SDNS 
 

The contents of the GitHub repo are summarized below. 
 
current_main/ 

bags_with_motion/  
new_bags/  
plots_with_motion/ 
plots_without_motion/ 
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1.0 Introduction 
 

For this project, the main goal of the system is to successfully be able to detect                
tonic-clonic seizures when monitoring a patient during their sleep. Previous work shows the use              
of infrared cameras, motion sensors, pressure sensors on a mattress, and wristbands to detect              
several biomarkers that could help to decide if a seizure is taking place. The main issue with                 
today’s systems is the high number of false positives that often wake up users and caregivers                
overnight, disturbing sleep and affecting the quality of life. Given this, we propose a novel               
method to detect this type of seizures utilizing an active stereoscopic infrared camera for image               
capture, and a computer for running the algorithms that enable the system to achieve its goal. 

Summarizing our method, it consists of utilizing the RealSense D415 camera to measure             
a depth map (explained more in detail in Section 2.0), utilizing this depth map to sense for                 
motion and, if motion is detected, utilizing this depth map again to decide if the motion                
corresponds to a tonic-clonic seizure, utilizing a novel approach 

The algorithms are explained in-depth in Doc#104-SDD-Rev1-200121-Software Design        
Document, and were designed to satisfy certain conditions. These conditions include optimizing            
the system so that the load is minimal for most of the time, and it increases on-demand                 
depending on the events that are happening in front of the camera. This is why we chose our                  
motion detection algorithm, so that the seizure algorithm only runs when motion is detected, to               
optimize system resources.  

Next, the seizure detection algorithm was built given the current limitations of video A.I              
inference. To train an artificial intelligence like a convolutional neural network, the training             
requires an immense amount of training data, which for our case, are sequences of frames of a                 
depth map produced by a specific sensor. Given the time limitation since there are only a total of                  
10 months to complete the project, in which data collection could realistically only take less than                
half of that, a new approach was proposed by the team to reduce the number of required training                  
examples. The approach is inspired by an article published by Joo et. al. (2017) in which he                 
describes the use of accelerometers in patient’s wrists to measure data regarding tonic-clonic             
seizures and then performing a Fourier analysis to characterize the spectral information            
contained in these recordings. He found that the frequencies that concern tonic-clonic seizures             
are placed in a very characteristic region between 3 to 8 Hz and differed from the frequencies                 
measured for interictal periods (between seizures). From this, since the chosen sensor captures             
infrared images from two perspectives to calculate depth-per-pixel, and these depths are captured             
as a video stream with a framerate customizable to up to 90 fps, a similar approach is to be taken,                    
in which a Fourier analysis is performed on depth maps, to provide a spectral fingerprint               
corresponding the type of motion happening within the frame, where an artificial intelligence can              
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be trained to decide if the spectral information captured corresponds to a tonic-clonic seizure, or               
to regular motion during sleep. 

The following sections will explain more in depth the nature of the sensor, the              
algorithms, and the throughput, memory and timing analysis that validates our choice of             
hardware to satisfy certain system requirements.  
 
2.0 Intel RealSense D415 Camera Rationale 
 

When looking for the appropriate choice for the sensor that the SDNS would utilize, it               
was important to take into account the several constraints that exist during a patient’s sleep. The                
first and most obvious one is the lack of light. This almost entirely rules out the use of an RGB                    
camera since they do not perform well under low light conditions.  

Thermal or infrared cameras then pose a good option to sense the body of the patient                
during sleep in the absence of light. The next barrier that is present during sleep is the potential                  
use of a blanket. This creates an issue for thermal cameras since blankets block the thermal                
radiation from the patient’s body, at least temporarily while heat builds up under the blanket.               
Thermal cameras also have low resolution which reduces the opportunity of capturing motion             
that appears in a small part of the frame.  

Infrared cameras are then a potentially good choice, but the main issue again is the               
presence of an obstacle between the patient’s body and the sensor. For example, if a pose                
estimation algorithm is used to look for the spatial orientation of the patient’s body and how it is                  
moving, the algorithm is most likely not built to take into account the presence of a blanket, so it                   
is likely to fail.  

After researching more, this novel sensor was found, namely the Intel RealSense D415             
camera, which is a class of sensor named Active Stereoscopic Infrared Camera. This sensor has               
three cameras built into it: a Full HD RGB camera, and two 720p infrared cameras. The RGB                 
camera serves the basic purpose of recording video, but the two infrared sensors are built to                
record data together, and then to mathematically calculate the depth of each pixel of the output                
due to the difference in the two frames. Think of it as a pair of human eyes, that due to the                     
difference in the images from each eye is able to perceive depth. This depth perception then                
enables the sensor to measure the surface of the frame it is looking at continuously as a function                  
of time. Furthermore, the sensor includes its own dot proyector (making it Active), which allows               
it to sense depth in complete darkness.  

This camera then is able to perceive the body of the patient better than any of the other                  
sensors, by measuring the surface of the frame, where the body of the patient is well contoured                 
by the blanket on top of him/her. An example of the output of the RealSense Camera is shown in                   
Figure 1 below: 
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Figure 1: Example output of the RealSense D415 camera. Top left is depth map, Top right is the 

RGB video and bottom is the reconstructed 3D space measured by the camera. 
 

This sensor then enables the system to utilize a series of different algorithms to attempt to 
detect a tonic-clonic epileptic seizure. If more information about the sensor is needed, regarding 
specific parts, algorithms to calculate depth, etc. the camera’s datasheet is available here: 
https://www.intelrealsense.com/wp-content/uploads/2019/10/Intel-RealSense-D400-Series-Datas
heet-Oct-2019.pdf?_ga=2.262110409.573481080.1579553883-486548172.1573776066 
 
3.0 How to Detect a Seizure Using this Sensor 
 

This section connects with the previous one in that before, it was explained what the               
sensor can do and why it was the best option when compared to other sensors. Now, the                 
objective is to connect the abilities of the sensor to our algorithms, and how the data gathered by                  
the sensor can be passed through the algorithms, to detect a tonic-clonic seizure.  

To successfully detect a seizure, we have proposed an approach in which we will record a                
depth map of the patient's bed and perform Fourier Analysis in such depth map to look for                 
frequencies that are characteristic of the clonic phase of a generalized tonic-clonic seizure             
(GTCS). To achieve such analysis it is important to characterize the motion that is observed               
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during GTCS. First, the event starts at the tonic phase, which is characterized by strong               
contraction of several muscles in the face, arms, and usually legs. This phase does not present                
rhythmic motion, however, the appearance of motion in general contributes to the identification             
of a possible GTCS. After this phase concludes, the clonic phase starts which is characterized by                
generalized rhythmical contractions of muscles, where the frequencies range from 4-25 Hz (Joo,             
2017). 

From the data collected by Joo et. al., it is observable that the most prominent frequencies                
appear between 4 and 8 Hz. If we were to gather data coming from a depth map to identify such                    
prominent frequencies, if we select 8 Hz as our maximum frequency of interest, the minimum               
sampling rate we would need according to Nyquist Rule would be 16Hz. Given this, we would                
need to record video at least 16 fps to be able to see up to 8Hz frequency peaks without aliasing.                    
If we increase the framerate to 30 fps, we could observe up to 15 Hz peaks without aliasing                  
which would extend the region of analysis, possibly increasing the accuracy of our machine              
learning algorithms. 

For our camera recording the depth map, the position of such with respect to the patient is                 
important for the correct functioning of the system. The camera is to be placed above the                
patient’s bed looking downwards in a way where the normal vector of the surface of the bed of                  
the patient is antiparallel with the normal vector describing the surface of the lens of the camera.                 
This is done with the purpose of capturing the depth map as the surface of the patient's bed                  
where depth of such surface and its variations can be perceived as a function of time. The                 
minimum required distance between the surface of the bed and the camera are described by the                
diagonal FOV of the camera which is 65 +/- 2 degrees (from datasheet).             
By trigonometry, the minimum distance to capture the diagonal of a king size bed (2.80 m) is                 
1.9269 m. If the camera is set at a distance of 2m +/- 0.1m, the patient’s bed and body could be                     
captured. It is important to note that the distance between the bed and the camera can vary                 
greatly, due to the different sizes and heights of beds, as well as the different heights of roofs.                  
The distance does not have to be strictly 2 m, but rather be an appropriate distance in which the                   
body of the patient can be fully seen in frame. 

The flow of algorithms starts with the Motion Detection Algorithm (for details about the              
algorithm please refer to Software Design Document). The system is receiving a constant stream              
of depth frames, and its running its motion detection algorithm on such frames. If no motion is                 
detected, the system continues to record and process depth frames. Once motion is detected, the               
frames are then processed by the Seizure Detection Algorithm (also detailed in the Software              
Design Document), and if the spectral information resembles such of a tonic-clonic seizure             
(judged by the algorithm), the system triggers an alert to the linked smartphones so that the                
caregiver can help the patient.  
 
4.0 Throughput Analysis 
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Below are processing throughput analyses for the motion detection algorithm and seizure            
detection algorithm, using the CPU on our chosen mini PC (Intel Celeron Processor J3455: 4               
cores, 2.30 GHz) or using the GPU on our chosen mini PC (Intel HD Graphics 500: 12 EUs, 700                   
MHz) https://www.notebookcheck.net/Intel-HD-Graphics-500.182723.0.html 
 
 
Motion detection algorithm using CPU: 
Inputs: 2 depth images: WxH = 1280x720 matrices of 16-bit integers 
Output: integer, standard deviation 

1. dist = abs( depth_image1 - depth_image2 ) 
2 * H * W operations 

2. mod = GaussianBlur( dist, (B,B) ) 
3 * B2 * H * W operations 

3. return standard_deviation( mod ) 
3 * H * W operations 

Total: (3B2 + 5)HW operations per frame comparison 
 
choosing B = 9, H = 720, W = 1280: 
total: (3*92 + 5)720*1280 = 228,556,800 
~= 229M operations per frame comparison 
 
With mini PC’s Intel Celeron Processor J3455 (4 cores, 2.30 GHz): 
Can do 2.30G / 229M = 10.0 frame comparisons per second maximum using only one core 
 
Tests have shown that 3 frame comparisons per second is sufficient, meaning the motion              
detection algorithm is occupying 229M * 3 / 2.30G = 29.9% of one of four cores of the mini PC. 
 
 
Seizure detection algorithm using CPU: 
Input: last T seconds of video (30T frames). Assume T = 8.5 seconds. 
Output: boolean, whether seizure was detected 

1. FFT of last T seconds -> 30T frames 
With T = 8.5, 30T = 255 frames. Round up to 256 and with split radix FFT                 
algorithm you have: 1284 + 5380 = 6664 operations per FFT           
(http://www.cmlab.csie.ntu.edu.tw/cml/dsp/training/coding/transform/fft.html) 
6664 * H * W operations 

2. Sum all elements 
254 * H * W operations 

3. return ( (Riemann sum of elements in a certain range) > threshold ) 
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less than 200 operations 
Total: ~ 6920HW operations per run of algorithm 
 
Choosing H = 720, W = 1280, T = 8.5: 
total: 6920 * 720 * 1280 = 6,377,472,000 ~= 6.38G operations per algorithm run 
 
With mini PC’s Intel Celeron Processor J3455 (4 cores, 2.30 GHz): 
Can run the seizure detection algorithm 2.30G / 6.38G = 0.361 times per second = every 2.77                 
seconds maximum, using only one core 
 

So, we can run the seizure detection algorithm approximately once every 2.77 seconds,             
using an FFT window of the last 8.5 seconds of video each time using only one of four cores of                    
the mini PC. 
 
 

The two processing throughput analyses above assume that we are using only the CPU to               
perform computations. But, a speed boost can be achieved if we use the mini PC’s integrated                
graphics. Throughput analyses for the same two algorithms are repeated below, but using the              
GPU rather than the CPU. 
 
 
Motion detection algorithm using GPU: 
… 
~= 229M operations per frame comparison 
 
With mini PC’s Intel HD Graphics 500 (12 EUs, 700 MHz)  
Can do (12 * 700M) / 229M = 36 frame comparisons per second maximum 
 
Since tests have shown that 3 frame comparisons per second is sufficient, the motion detection               
algorithm would occupy (229M * 3) / (12 * 700M) = 8.2% of the GPU of the mini PC. 
 
 
Seizure detection algorithm using CPU: 
… 
 ~= 6.38G operations per algorithm run 
 
With mini PC’s Intel HD Graphics 500 (12 EUs, 700 MHz)  
Can run the seizure detection algorithm (12 * 700M * 90%) / 6.38G = 1.2 times per second =                   
every 0.84 seconds maximum, using 90% of the GPU 
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So, we can run the seizure detection algorithm approximately once every second, using a FFT               
window of the last 8.5 seconds of video each time, assuming 90% of the GPU processing power                 
is available. 

Although the algorithms would run faster using the GPU rather than the CPU, there is a                
tradeoff: development is straightforward if the CPU is the only tool used for computations, but it                
would be significantly more difficult if we want to use the GPU as well. Additionally, it                
currently seems likely that the CPU alone will be sufficient to meet the speed and accuracy                
seizure detection requirements. We will have to evaluate this tradeoff further to determine             
whether to pursue using the GPU. 
 
 
5.0 Memory Analysis 
 
For both the MVP SDNS and the final SDNS, our design of processing videos at different stages                 
in parallel makes it so that RAM can be occupied at every stage of the video pipeline                 
simultaneously. For the MVP, these stages include capturing video, running motion detection,            
and uploading to the cloud. For the final SDNS, these stages include capturing video, running               
motion detection, running seizure detection, and sending alerts to the caregivers’ smartphone.            
Memory will be analyzed in the worst-case scenario, where every stage is consuming its peak               
amount of RAM. 
 
For the MVP SDNS, the total worst-case memory usage is: 
 

Table 1: Memory Analysis for MVP SDNS 

Stage Memory Explanation 

Record video to 
bag file 

3 MB Only one coherent set of frames must be held in 
memory at a time. This is 2*1280*720 bytes for one 
depth frame and 3*640*480 bytes for one color frame, 
for a total of 2.7648 MB. 

Run motion 
detection 

32 MB 10 coherent sets of frames must be held in memory at a 
time, as well as two additional depth frames and some 
relatively small arrays. Following the cell above, this is 
2.7648 MB * 10 + 2*2*1280*720 B = 31.3344 MB for 
the frames. 

Upload to cloud up to 2 GB Estimated peak from online forums. Depends heavily 
on upload speed. 
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Total up to 2.03 GB  

 
This total amount of memory usage is well below the 8 GB RAM installed on the mini PC, so                   
memory is not a concern with the MVP. 
 
For the SDNS, the total worst-case memory usage is: 

 
Table 2: Memory Analysis for Final SDNS 

Stage Memory Explanation 

Capture and hold 
video 

830 MB We might want to have as many as 10 seconds * 30 fps 
= 300 sets of coherent sets of frames held in memory at 
a time. This is 2*1280*720 bytes for one depth frame 
and 3*640*480 bytes for one color frame, for a total of 
829.44 MB. 

Run motion 
detection 

4 MB Two additional depth frames and some relatively small 
arrays must be stored. The two depth frames are 
2*2*1280*720 B = 3.6864 MB. 

Run seizure 
detection 

1.2 GB A 300x1280x720 matrix of 16-bit integers, a 
300x1280x720 matrix of 16-bit floating-point numbers, 
and a 300x300 matrix of 16-bit floating-point numbers 
are needed to perform the FFT over a 10-second 
window. These sum to 2*2*300*1280*720 bytes + 
2*300*300 bytes = 1.1061 GB 

Notify caregivers 1 MB Communication with the smartphone app should 
require only a small amount of memory 

Total 1.3 GB  

 
This total amount of memory usage is well below the 8 GB RAM installed on the mini PC, so                   
memory is not a concern with the final SDNS either. 
 
 
6.0 Timing Analysis 
 

This is done in order to understand the amount of time each process takes in the motion                 
and seizure detection algorithms. First we start with the timing analysis for the MVP SDNS               
which is meant to record 3 minute snippets, process them for motion, and then upload/delete the                
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snippet based on motion being detected or not. The timeline for the recording of 6 snippets is                 
shown below: 
 

 
Figure 2: Timing analysis for the MVP SDNS. It can be seen that the motion detection                

algorithm can process a video snippet before the current snippet finishes recording. 
 
From the obtained results, it can be concluded that the motion detection algorithm is fast               

enough to avoid a backlog of video snippets pending for analysis. If a file was tagged as No                  
Motion, it gets deleted automatically preventing the storage unit from filling up. There is an               
additional step to the timing analysis for the MVP SDNS and it is that when motion is detected,                  
the file is moved to a different folder so that it gets uploaded by the Dropbox program. The time                   
it takes for the file (which is 5 to 6 GB on average) to get uploaded is dependent on the upload                     
speed at the moment of the operation. We have a smart cloud drive program that deletes the file                  
locally once it has been uploaded to the cloud, and since the system counts with a 256 GB hard                   
drive of which 180 GB are free storage, the risk of filling up the storage is very low once files                    
are deleted locally after upload, assuming that the upload speed is 15 Mb/s, each file would take                 
around 6.7 minutes to upload. Most of the video recorded is expected to be deleted due to the                  
absence of motion.  
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Now, for the final SDNS, its operation is different from the MVP SDNS. The details of                

its operation are present on the Software Design Document. To summarize, instead of recording              
video snippets and processing them, the camera is feeding a constant stream of frames to the                
computer of which the last 5 seconds are kept for processing. The motion detection algorithm,               
which runs about twice as fast as the camera frame rate, is constantly processing the upcoming                
frames looking for motion. Once motion is detected, which takes a minimum of 1 second to                
compare enough frames to dictate if motion is present (3 frame comparisons per second), it waits                
7.5 seconds before running the seizure detection algorithm, and then it performs a spectral              
analysis of the 8.5 seconds after motion was detected. From the throughput analysis we know               
that the time it takes to process those frames is close to 3 seconds, which gives us a total time of                     
around 10.5 seconds to detect a seizure using only one CPU core. This is below our 15 seconds                  
requirement to detect a seizure (From SRD). 
 
7.0 References 
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● System Requirements Document, Rev 1, Team 19063 
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1.0 Summary 
Epilepsy is a nervous system disorder that affects more than 3.4 million people in the United                

States (CDC, 2019) and nearly 50 million people worldwide (WHO, 2019). Many patients with              
seizures can control them after going through lifestyle changes and/or treatments with medicines             
that reduce the frequency and intensity of such attacks. However, there are patients who, despite               
receiving drug treatment, do not show improvement and become part of a population of epilepsy               
patients who have high mortality (Jehi, 2016). These patients have an increased risk with respect               
to SUDEP (Sudden unexpected death in epilepsy), especially if the patient suffers tonic-clonic             
attacks (Grand Mal) (CDC, 2018). Most of these deaths occur while the patient is sleeping, as it                 
is harder for their caregivers to notice them and they cannot provide first aid in the event of a                   
crisis (Sirven, 2014). With the help of the University of Arizona and Intel Corporation, it is                
proposed to build a system that can monitor epileptic patients while they sleep and in the event                 
of a crisis, the system would generate an alert for the patient's caregiver. To make the system                 
more accurate compared to the products available on the market, machine learning methods will              
be used, which require several training examples to achieve high accuracy and fidelity. This              
project is being carried out for academic purposes and with the aim of creating open access                
software, which would contribute to improving the system more and more with the help of the                
public while maintaining the privacy of patient information. At the same time we aim to provide                
an opportunity for families who wish to build the system to monitor their patients at a lower cost                  
than commercially available monitoring equipment. 

2.0 Introduction 
The world's alarming epilepsy case statistics have already been mentioned, making it even             

more alarming that any patient suffering from epilepsy may inexplicably die due to the              
phenomenon known as SUDEP. The idea for this project came from Iwan Grau, currently              
employed by Intel Corporation as a project development engineer in the artificial intelligence for              
video division. Mr. Grau has a daughter who began having seizures of convulsive epilepsy              
classified as generalized tonic-clonic seizures. Treatment to control such attacks began with            
lifestyle changes, including extended sleep periods at least 10 hours per day. This reduced the               
number of attacks the patient had but failed to eliminate them altogether. Drug treatment was               
also an option and, combined with their new lifestyle, eliminated crises almost 100%. The              
problem with this situation is that the crises have not been fully controlled, so the patient's father                 
decided to move his daughter to his own room, so that he could be as available as possible in the                    
event of a crisis that occurs during the hours of the night. Moreover, Mr. Grau decided to buy                  
different monitoring systems for epileptic patients in the hope of being able to sleep peacefully,               
hoping that the system will alert him in case the patient suffers a crisis during sleep.  
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These strategies have been implemented with the aim of reducing the patient's likelihood of              
an epileptic seizure that could seriously affect their health, but such implementation has affected              
the quality of life of the family as a whole. First, the patient has lost their privacy, which is                   
generally considered important and healthy for a teen's development. Beyond this, the quality of              
life of parents has been affected in terms of their sleep hours, mainly by the ineffectiveness of                 
monitoring teams in generating alerts that correspond to a real crisis. The equipment that has               
been used so far are the Sami3 monitoring camera and the Embrace bracelet. The first is a night                  
vision camera that uses simple computational algorithms to detect movement while the patient is              
sleeping. Unfortunately, the number of false positives generated throughout the night is            
unacceptable as it generates false alerts that disrupt the patient's parents' sleep, impairing their              
quality of life. In addition to this, this system has the high cost of $400 USD for the most basic                    
package available. As for the Embrace bracelet, it uses a variety of temperature, acceleration,              
spatial orientation (gyroscope) and electrodermal activity sensors. The case of false positives is             
similar with this equipment as it generates notifications regarding wrist movements that do not              
correspond to epileptic seizures and further deteriorate the sleep quality of the patient's parents.              
The price of this equipment is still quite high, being $250 + 9.99/month USD, and being                
available only in the United States and the European Union.  

It is not difficult to imagine that this case is not unique and for Mr. Grau's family as there are                    
between 20% and 40% of patients who are likely to have recidivism in their epilepsy in the                 
world (Sirven, 2018). Given this, a system is proposed that uses a different sensor type than                
traditional methods to detect epileptic attacks combined with artificial intelligence algorithms           
which has the potential to generate predictions of greater confidence in detecting a crisis during               
sleep.  

The design of the system began around several constraints that exist when the patient is               
sleeping. These constraints include a very low-light environment and that the patient is             
potentially covered by a blanket. With these conditions, the use of a traditional camera is ruled                
out as it would be ineffective in low lighting and the algorithms available to identify a person's                 
body in an image (or video) do not consider if there is an obstacle between the subject and the                   
camera. After searching for a viable sensor type it was decided to use a stereoscopic camera,                
more specifically the Intel RealSense D415 camera which uses an RGB camera and two infrared               
cameras which with the help of an infrared dot projector (which is also part of the system). This                  
system is then able to perceive depth in a video. In addition to this, a study by Joo in 2017                    
showed promising results in detecting tonic-clonic attacks of epilepsy using accelerometers and            
doing an analysis on the frequency spectrum. Traditionally, information is used in a temporary              
domain in which acceleration is a function of time and attempts are made to make predictions                
based on this information. Joo created a study in which acceleration information is taken on the                
wrists and a Fourier analysis is done to look for the oscillation frequencies characteristic of the                
clone phase of these epileptic seizures. The results of this information are as follows: 
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Taken from: Joo et al. Spectral Analysis of Acceleration Data for Detection of Generalized 
Tonic-Clonic 

In the figure, the accelerometer information can be observed as a function of time during               
the occurrence of a tonic-clonic seizure (top), the information of the accelerometer in a              
frequency domain for a crisis (center) and the information of the accelerometer in a frequency               
domain during the period between two seizures (bottom). The frequency region between 3 and              
10 Hz is notorious in that it is visible only during a crisis, which creates an opportunity to detect                   
these events quite accurately due to the movements of oscillating nature caused by the rhythmic               
contraction of the muscles during the clonic phase of a tonic-clonic attack. 

The proposed method for detecting tonicoclonic attacks using the RealSense D415           
camera is similar to what Joo proposed in 2017. The information produced by the camera is the                 
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depth of each pixel in the captured image with a frame rate ranging from 6 to 90 frames per                   
second. An example of the type of information that the D415 camera captures is shown below: 

 

 

 

 

 

 

 

 

In the figure above, you can see how the camera gives depth information in each pixel, in this 
case, the pixel in the center mannequin (arrow) is 2.05 meters from the camera. 

The camera can be positioned by looking vertically down to the patient's bed so the               
patient's bed surface would be monitored constantly during these hours of sleep and can be               
configured to have a millimetric. If the depth of each pixel is monitored as a function of time, a                   
Fourier analysis can be done in which the frequencies in each pixel of the image would be                 
observed and, if frequencies corresponding to a tonic-clonic crisis are detected, an alarm could              
be raised for the patient's caregiver to provide first aid and reduce the risk of sudden death.  

To determine the observable frequencies in the D415 camera that are characteristic of             
tonic-clonic attacks we have proposed a computational learning algorithm which is constructed            
from a series of parameters of interest, in this case, the parameters are the frequencies between 0                 
and 15 Hz. The next step is to collect examples that will be used to train the algorithm in terms                    
of differentiation between a tonic-clonic attack and natural movements observed during sleep. A             
system consisting of a D415 camera, a Beelink Mini PC computer, and potentially an Intel               
Corporation Neural Compute Stick (to accelerate hardware) can be used to capture video and              
start creating a database containing examples of natural movements and tonic-clonic attacks for             
artificial intelligence training to be deployed in the final system. This data collection is crucial to                
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ensure the best possible development of the algorithm as it would use real information from               
patients suffering from seizures, which increases the possibility of creating an algorithm with             
high accuracy and validity. 

3.0 Objectives 
The following objectives have been proposed for this research protocol: 

1. Capture real information from patients suffering from seizures (especially tonic-clonic          
attacks) with the RealSense D415 sensor 

a. Capture epileptic seizures during sleep with D415 sensor (capturing RGB and           
depth video) 

b. Capture natural movements during sleep with the D415 sensor (capturing RGB           
and depth video) 

2. Use the help of a health institution to specify the times when an epileptic crisis is                
captured by the sensor. 

3. Collect the least amount of private patient information to avoid violating their privacy             
rights. 

4. Save valuable information on a secure internet server (potentially Google Drive with            
access restriction) 

5. Use valuable information to train artificial intelligence software that detects tonic-clonic           
attacks. 

6. Destroy all unused information to train the artificial intelligence algorithm. 
7. Destroy all primary information collected at the end of the project (May 4, 2019) if               

agreed so with the patients and the clinic/s that participate/s.  
a. Video recordings will be destroyed as agreed with the patients 
b. Frequencies calculated from such videos will be kept with the purpose of            

expanding the database of examples that is used to train the algorithm 

 

4.0 Methods 
The collection of information will be done using the following methods: 

1. Patients who are willing to collaborate with the research that present seizures, especially             
tonic-clonic seizures, will be sought. 

a. The number of patients is variable, initially 3 patients would be ideal, but the              
number can increase if necessary. 

b. The patient selection criterion is based on the occurrence of seizures of a             
tonic-clonic nature, with the help of health professionals to classify the type of             

304 - IP - RevA - 200121 - “Investigational Protocol” 

https://docs.google.com/document/d/1Oitr-vx6U3B4U6NmftNKkY3Wwgisa0nDgVf1s-IMuso/edit#heading=h.9nf3vnrur8nr


6 

seizure of patients. Age, gender and race are not factors of extreme importance,             
but could contribute to selecting or excluding a patient. 

2. A formal introduction to the project will be made with patients by a member of the                
research team (in person or by video conference), to describe the nature of the project, the                
objectives, the rights of the patient, among others. 

3. A written agreement will be generated between the patient and the investigative team             
describing the collaboration, patient rights, use of information and agreeing to the            
possible destruction of all information collected at the end of the project. 

4. A system built by the research team will be installed in the patient's room whose               
operation is described below: 

a. The system is installed and connected to the internet 
b. The system is turned on at the patient's bedtime and automatically initiates video             

collection and depth in 5-minute fragments (the duration of the fragment may            
change according to the needs of the algorithm). 

c. The fragment is saved in the local system memory, in which an algorithm that              
identifies motion processes the video and determines whether there is movement           
or not. 

d. In case there is no movement, the fragment is automatically deleted. 
e. If there is movement, the fragment is compressed (compression may not be            

necessary) and uploaded to the secure server. After the compressed fragment is            
loaded, it is removed from system memory. 

f. In the event of an epileptic seizure, the person in charge of monitoring the patient               
must press a button on the system which indicates the date and time of the               
occurrence of the crisis (this step may or may not apply, depending on agreement              
with the medical institution). This should not prevent immediate care for the            
patient. 

i. At the end of the crisis, the person in charge of monitoring the patient              
must press another button to indicate the end of the crisis. 

g. At the end of the patient's sleep routine, the system should be shut down with a                
button and the cycle is repeated every night from point b. 

5. The information will be collected from the moment the system is installed in the patient's               
room, until a date close to the completion of the project (the project will officially end on                 
May 4, 2020, and the collection of information could end before this date, but not after). 

a. The information will be accessible only by members of the research team and             
potentially by health professionals who can collaborate for the classification of           
epileptic seizures with prior patient authorization. 

6. Once the study is completed, all installed systems will be collected, and information             
destroyed in accordance with patient and clinic preferences. 
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5.0 Resources 
The project is part of a University of Arizona graduation requirement in which an external               

company proposes and sponsors the project that is carried out by a group of students. The                
members of the university research team are: 

● Alejandro Ortega - Biomedical Engineering Student 
● Gordon Downs – Electric and Computational Engineering Student 
● Louis Bertani - Systems Engineering Student 
● Juan Gastélum - Systems Engineering Student 
● Killer Humberto López-Félix - Biosystem Engineering Student 

The company responsible for the sponsorship of the project is Intel Corporation, of which              
two members are supervising the project: 

● Iwan Grau 
● Palanivel Guruvareddiar 

The project starts with an initial budget of $4000 USD, which will build the information               
collection systems and the final system for detecting tonic-clonic attacks. So far, the budget is               
sufficient to complete the project due to the low cost of building the system (each system costs                 
approximately $400 in hardware).   

6.0 Schedule 
The information collection schedule has been proposed preliminarily as follows: 

● November 20, 2019 – December 17, 2019: Data collection details are refined while             
finishing building the system for collection 

● December 18, 2019 – January 13, 2020: AlejandroOrtega, leader of the research team, will              
travel to Colombia for the selection and installation of data collection systems, in case the               
research protocol is approved. 

● January 14, 2020: Alejandro Ortega returns to the United States. By this date, all systems               
have been installed and are collecting information 

● January 15, 2020 – May 4, 2020*: This time period is when data collection takes place.                 
Weekly communication will take place to monitor the project remotely. At the end of this               
date range, data collection will be terminated and all systems that have been installed will                
be collected. Disposal of information will take place at the end of this period following               
agreements with patients and health institution. 

*: Data collection period may end before this date, but not after. 
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7. Annex 
Contact information and additional information: 

Alejandro Ortega: 

● Email: alejandoortega@email.arizona.edu 
● Phone: +1 520-273-6265 

 

304 - IP - RevA - 200121 - “Investigational Protocol” 

http://www.cdc.gov/epilepsy/about/sudep/index.htm
http://www.uptodate.com/contents/evaluation-and-management-of-drug-resistant-epilepsy
http://www.who.int/news-room/fact-sheets/detail/epilepsy
mailto:alejandoortega@email.arizona.edu
https://docs.google.com/document/d/1Oitr-vx6U3B4U6NmftNKkY3Wwgisa0nDgVf1s-IMuso/edit#heading=h.9nf3vnrur8nr


 

Grupo 19063 

 

 

 

 

 

 

Protocolo de Investigacion para Sistema de Identificación y 
Notificacion de Ataques Epilépticos 

 

 

 

 

 

Alejandro Ortega 

Gordon Downs 

Louis Bertani 

Juan Gastélum 

K. Humberto López-Félix 

Oanh Tran 

 

Universidad de Arizona 

Tucson, AZ 



 

Tabla de Contenido 

1. Resumen…………………………………………………………3 
2. Introducción…………………………………………………….3 
3. Objetivos………………………………………………………...7 
4. Métodos………………………………………………………….7 
5. Recursos…………………………………………………………8 
6. Cronograma……………………………………………………..9 
7. Referencias Bibliográficas……………………………………...9 
8. Anexos………………………………………………………….10 



Página| 3 

 

 

1. Resumen 
La epilepsia es un trastorno del sistema nervioso que afecta a más de 3.4 millones de                

personas en Estados Unidos (CDC, 2019) y cerca a 50 millones de personas a nivel mundial                
(WHO, 2019). Muchos de los pacientes que presentan crisis epilépticas son capaces de             
controlarlas después de pasar por cambios en el estilo de vida y/o por tratamientos con medicinas                
que reducen la frecuencia e intensidad de dichos ataques. Sin embargo, existen pacientes que, a               
pesar de recibir tratamiento farmacológico, no logran controlar los ataques y pasan a formar              
parte de una población de pacientes de epilepsia que posee alta mortalidad (Jehi, 2016). Estos               
pacientes tienen un riesgo incrementado con respecto a SUDEP (Muerte súbita inexplicada del             
paciente epiléptico), especialmente si el paciente sufre ataques tónico-clónico (Grand Mal)           
(CDC, 2018). La mayoría de estas muertes suceden mientras el paciente esta durmiendo, ya que               
para sus cuidadores es más difícil notarlos y no pueden proveer primeros auxilios en caso de una                 
crisis (). Con la ayuda de la Universidad de Arizona y de Intel Corporation, se propone la                 
construcción de un sistema que pueda monitorear a los pacientes epilépticos mientras duermen y              
en caso de sufrir una crisis, el sistema generaría una alerta para el cuidador del paciente. Para                 
lograr que el sistema tenga mayor precisión comparado con los productos que están disponibles              
en el mercado, se utilizaran métodos de inteligencia artificial con aprendizaje automático            
(machine learning) los cuales requieren una serie de ejemplos de entrenamiento para alcanzar             
alta precisión y fidelidad. Este proyecto se está realizando con fines académicos y con el objetivo                
de crear software de libre acceso, lo cual contribuiría a mejorar el sistema cada vez más con la                  
ayuda del público manteniendo la privacidad de la información del paciente, proporcionando una             
oportunidad para familias que deseen construir el sistema a un costo menor que los equipos de                
monitoreo disponibles comercialmente. 

2. Introducción 
Ya se han mencionado las alarmantes estadísticas de casos de epilepsia en el mundo, más               

alarmante aun es el hecho de que cualquier paciente que sufre de epilepsia puede fallecer               
inexplicablemente debido al fenómeno conocido como SUDEP. La idea de este proyecto salió de              
Iwan Grau, actualmente empleado por Intel Corporation como ingeniero de desarrollo de            
proyectos en la división de inteligencia artificial para video. El señor Grau tiene una hija la cual                 
comenzó a tener ataques de epilepsia convulsivos clasificados como convulsiones tonicoclónicas           
generalizadas. El tratamiento para controlar dichos ataques comenzó con cambios en el estilo de              
vida, incluyendo periodos de sueño extendidos a un mínimo de 10 horas por día. Esto logró                
disminuir el numero de ataques que el paciente presentaba, pero no lograron eliminarlos por              
completo. Tratamiento con fármacos también fue una opción y, combinado con su nuevo estilo              
de vida, eliminaron las crisis casi al 100%. El problema de esta situación es que las crisis no se                   
han podido controlar por completo, por lo cual el padre de la paciente decidió instalarla en su                 
mismo cuarto, para poder estar lo más disponible posible en el caso de una crisis que ocurra                 
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durante las horas de la noche. Más allá de esto, el señor Grau decidió comprar diferentes                
sistemas de monitoreo para pacientes epilépticos con la esperanza de poder dormir con             
tranquilidad, esperando que el sistema le alerte en caso de que la paciente sufra una crisis durante                 
el sueño.  

Estas estrategias se han implementado con el objetivo de reducir la probabilidad que la              
paciente sufra un ataque epiléptico que pudiera afectar su salud de manera grave, pero dicha               
implementación ha afectado la calidad de vida de la familia en general. En primer lugar, la                
paciente ha perdido su privacidad, lo cual es generalmente considerado importante y saludable             
para el desarrollo de un adolescente. Mas allá de esto, la calidad de vida de los padres se ha visto                    
afectada en cuanto a sus horas de sueño, principalmente por la ineficacia de los equipos de                
monitoreo a la hora de generar alertas que corresponden a una crisis real. Los equipos que se han                  
utilizado hasta ahora son la cámara de monitoreo Sami3 y el brazalete Embrace. El primero es                
una cámara con visión nocturna que utiliza algoritmos computacionales simples para detectar            
movimiento mientras el paciente esta durmiendo. Desafortunadamente, el numero de falsos           
positivos que se generan a lo largo de la noche es inaceptable ya que genera falsas alertas que                  
interrumpen el sueño de los padres de la paciente, deteriorando su calidad de vida. Adicional a                
esto, este sistema tiene el alto costo de $400 USD por el paquete mas básico disponible. En                 
cuanto al brazalete Embrace, este utiliza una variedad de sensores de temperatura, aceleración,             
orientación espacial (giroscopio) y actividad electrodérmica. El caso de los falsos positivos es             
similar con este equipo ya que genera notificaciones con respecto a movimientos en la muñeca               
que no corresponden con ataques epilépticos y deterioran aun mas la calidad de sueño de los                
padres de la paciente. El precio de este equipo sigue siendo bastante elevado, siendo de $250 +                 
9.99/mes USD, y estando disponible únicamente en los Estados Unidos y en la Unión Europea.  

No es difícil imaginar que este caso no es único y particular para la familia del señor Grau ya                   
que en el mundo existe entre un 20% a 40% de pacientes con probabilidad de tener reincidencia                 
en su epilepsia (Sirven, 2018). Dado esto, se propone un sistema que utilice un tipo de sensor                 
diferente a los métodos tradicionales para detectar ataques epilépticos combinado con algoritmos            
de inteligencia artificial los cuales tiene el potencial de generar predicciones de mayor             
confidencia a la hora de detectar una crisis durante el sueño.  

El diseño del sistema comenzó con una serie de condiciones que existen cuando el paciente               
esta durmiendo. Estas condiciones incluyen un ambiente de muy poca iluminación y que el              
paciente esta potencialmente cubierto por una cobija. Con estas condiciones, se descarta el uso              
de una cámara tradicional ya que seria poco eficaz en baja iluminación y los algoritmos               
disponibles para identificar el cuerpo de una persona en una imagen (o video) no tienen en                
cuenta si existe un obstáculo entre el sujeto y la cámara. Después de buscar un tipo de sensor                  
viable se decidió utilizar una cámara estereoscópica, más específicamente la cámara Intel            
RealSense D415 la cuál utiliza una cámara RGB y dos cámaras infrarrojas las cuales con ayuda                
de un proyector de puntos infrarrojos (que también es parte del sistema), es capaz de percibir                
profundidad en un video. En adición a esto, un estudio hecho por Joo en 2017 mostró resultados                 
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prometedores a la hora de detectar ataques tonicoclónicos de epilepsia utilizando acelerómetros,            
y haciendo un análisis en el espectro de frecuencias. Tradicionalmente, se utiliza información en              
un dominio temporal en el cual la aceleración es una función del tiempo y se intentan hacer                 
predicciones con base a esta información. Joo creó un estudio en el cual se toma la información                 
de aceleración en las muñecas y se hace un análisis de Fourier para buscar las frecuencias de                 
oscilación características de la fase clónica de estos ataques epilépticos. Los resultados de esta              
información aparecen a continuación: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tomado de: Joo et al. Spectral Analysis of Acceleration Data for Detection of Generalized 
Tonic-Clonic Seizures 
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En la figura, se puede observar la información del acelerómetro como una función de              
tiempo durante la ocurrencia de un ataque tonicoclónico (arriba), la información del            
acelerómetro en un dominio de frecuencias para una crisis (centro) y la información del              
acelerómetro en un dominio de frecuencias durante el periodo entre dos crisis (abajo). Es notoria               
la región de frecuencias entre 3 y 10 Hz que es visible solo durante una crisis lo cual crea una                    
oportunidad de detectar estos eventos con bastante precisión debido a los movimientos de             
naturaleza oscilatoria por la contracción rítmica de los músculos durante la fase clónica de un               
ataque convulsivo. 

El método propuesto para detectar ataques tonicoclónicos utilizando la cámara RealSense           
D415 es similar a lo que propuso Joo en 2017. La información producida por la cámara es la                  
profundidad de cada píxel en la imagen capturada con una frecuencia que varia entre 6 hasta 90                 
cuadros por segundo. Un ejemplo del tipo de información que la cámara D415 captura se               
muestra a continuación: 

 

 

 

 

 

 

 

 

En la figura de arriba, se puede ver como la cámara da información de la profundidad en cada píxel, en este caso, el 
píxel en el maniquí del centro está a 2.05 metros de la cámara. 

La cámara se puede posicionar mirando verticalmente hacia abajo a la cama del paciente              
por lo cual se estaría monitoreando la superficie de la cama del paciente constantemente durante               
las horas de sueño y se puede configurar para que tenga una resolución milimétrica en el cual                 
diferencias de hasta menos de 1 milímetro se pueden capturar. Si se monitorea la profundidad de                
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cada píxel como una función de tiempo, se puede hacer un análisis de Fourier en el cual se                  
observarían las frecuencias en cada píxel de la imagen y, si se detectan frecuencias que               
corresponden a una crisis tonicoclónica, se podría generar una alarma para el cuidador del              
paciente para que provea primeros auxilios y se reduzca el riesgo de muerte súbita. 

Para determinar las frecuencias observables en la cámara D415 que son características de             
ataques tonicoclónicos se ha propuesto un algoritmo de aprendizaje computacional el cual se             
construye a partir de una serie de parámetros de interés, en este caso, los parámetros son las                 
frecuencias entre 0 y 15 Hz. El siguiente paso es recolectar ejemplos que se utilizaran para                
entrenar el algoritmo en cuanto a la diferenciación entre un ataque tonicoclónico y movimientos              
naturales observados durante el sueño. Se puede utilizar un sistema compuesto por una cámara              
D415, una computadora Raspberry Pi 4 y potencialmente un Neural Compute Stick de Intel              
Corporation (para acelerar el hardware) para capturar video y comenzar a crear una base de datos                
que contiene ejemplos de movimientos naturales y de ataques tonicoclónicos para el            
entrenamiento de la inteligencia artificial que se implementará en el sistema final. Esta             
recolección de datos es crucial para asegurar el mejor desarrollo posible del algoritmo ya que               
utilizaría información real de pacientes que sufren crisis epilépticas, lo cual incrementa la             
posibilidad de crear un algoritmo con alta precisión y validez.  

3. Objetivos 
Los siguientes objetivos han sido propuestos para este protocolo de investigación: 

1. Capturar información real de pacientes que sufren crisis epilépticas (especialmente          
ataques tonicoclónicos) con el sensor RealSense D415 

a. Capturar crisis epilépticas con el sensor D415 (capturando video RGB y de            
profundidad) 

b. Capturar movimientos naturales durante el sueño con el sensor D415 (capturando           
video RGB y de profundidad) 

2. Utilizar la ayuda de una institución de salud para especificar los momentos en los cuales               
una crisis epiléptica es captada por el sensor. 

3. Recolectar la menor cantidad de información privada del paciente para evitar violar sus             
derechos de privacidad. 

4. Guardar la información valiosa en un servidor de internet seguro (potencialmente Google            
Drive con restricción de acceso) 

5. Utilizar la información valiosa para entrenar un software de inteligencia artificial que            
detecta ataques tonicoclónicos.  

6. Destruir toda la información que no se utilice para entrenar el algoritmo de inteligencia              
artificial. 

7. Destruir toda la información primaria recolectada al final del proyecto (Mayo 4, 2019) si              
así se acuerda con los pacientes y la/s clínica/s que participa/n. 

a. No video 
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b. Si frecuencia 

 

4. Métodos 
La recolección de información se hará siguiendo los siguientes métodos: 

1. Se buscarán pacientes que estén dispuestos a colaborar con el proyecto de investigación             
que presenten ataques epilépticos convulsivos, especialmente ataques tonicoclónicos. 

a. El numero de pacientes es variable, inicialmente lo ideal serían 3 pacientes, pero             
el número podría incrementar si es necesario. 

b. El criterio de selección de pacientes esta basado en la ocurrencia de crisis             
epilépticas de naturaleza tonicoclónica, con ayuda de profesionales de la salud           
para clasificar el tipo de crisis de los pacientes. Edad, sexo y raza no son factores                
de extrema importancia, pero podrían contribuir a seleccionar o excluir un           
paciente. 

2. Una introducción formal al proyecto se hará con los pacientes por parte de un miembro               
del equipo de investigación (en persona o por videoconferencia), para describir la            
naturaleza del proyecto, los objetivos, los derechos del paciente, entre otros. 

3. Se generará un acuerdo escrito entre el paciente y el equipo investigativo en el cual se                
describe la colaboración, los derechos del paciente, el uso de la información y se acuerda               
la posible destrucción de toda la información recolectada al final del proyecto. 

4. Se instalará un sistema construido por el equipo de investigación en el cuarto del paciente               
cuyo funcionamiento se describe a continuación: 

a. El sistema se instala y se conecta a internet 
b. Se enciende el sistema a la hora de dormir del paciente y automáticamente inicia              

la recolección de video y profundidad en fragmentos de 5 minutos (la duración             
del fragmento puede cambiar de acuerdo con las necesidades del algoritmo). 

c. Se guarda el fragmento en la memoria local del sistema, en lo cual un algoritmo               
que identifica movimiento procesa el video y determina si hay movimiento o no. 

d. En caso de que no haya movimiento, se elimina automáticamente el fragmento. 
e. En caso de que haya movimiento, el fragmento se comprime y se carga al servidor               

seguro. Después de que se haya cargado el fragmento comprimido, se elimina            
automáticamente de la memoria del sistema. 

f. En caso de una crisis epiléptica, la persona encargada de vigilar el paciente deberá              
de presionar un botón en el sistema el cual indica la fecha y hora de la ocurrencia                 
de la crisis. Esto no debería impedir la atención inmediata al paciente. 

i. Al final de la crisis, la persona encargada de vigilar al paciente debe de              
presionar otro botón para indicar el fin de la crisis. 

g. Al final de la rutina de sueño del paciente, el sistema se debe apagar con un botón                 
y se repite el ciclo cada noche desde la letra b. 
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5. La información se recolectará desde el momento que se instale el sistema en el cuarto del                
paciente, hasta una fecha cercana a la terminación del proyecto (El proyecto terminará             
oficialmente el 4 de mayo de 2020, y la recolección de información podría terminar antes               
de esta fecha, pero no después).  

a. La información será accesible únicamente por los miembros del equipo          
investigativo y potencialmente por profesionales de la salud que puedan colaborar           
para la clasificación de los ataques epilépticos con previa autorización del           
paciente.  

6. Una vez concluya el estudio, se recolectarán todos los sistemas instalados y se destruirá              
la información de acuerdo con las preferencias del paciente y la clínica.  

 

5. Recursos 
El proyecto es parte de un requisito de graduación de la Universidad de Arizona en el cual                 

una compañía externa propone y patrocina el proyecto que es llevado a cabo por un grupo de                 
estudiantes. Los miembros del equipo universitario de investigación son: 

● Alejandro Ortega – Estudiante de Ingeniería Biomédica 
● Gordon Downs - Estudiante de Ingeniería Eléctrica y Computacional 
● Louis Bertani - Estudiante de Ingeniería de Sistemas 
● Juan Gastélum - Estudiante de Ingeniería de Sistemas 
● Killer Humberto López-Félix - Estudiante de Ingeniería de Biosistemas 
● Oanh Tran - Estudiante de Ingeniería Eléctrica y Computacional 

La compañía responsable por el patrocinio del proyecto es Intel Corporation, de la cual              
tres miembros están supervisando el proyecto: 

● Iwan Grau 
● James McDowell 
● Palanivel Guruvareddiar 

El proyecto se inicia con un presupuesto inicial de $4000 USD con lo cual se construirán                
los sistemas de recolección de información y el sistema final de detección de ataques              
tonicoclónicos. Hasta ahora, el presupuesto es suficiente para completar el proyecto debido al             
bajo costo de construcción del sistema (cada sistema cuesta 260 dólares en hardware             
aproximadamente). 

6. Cronograma 
El cronograma de recolección de información se ha propuesto preliminarmente como aparece a             
continuación: 
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● Noviembre 20, 2019 – Diciembre 17, 2019: Los detalles de recolección de datos se              
perfeccionan a la vez que se termina de construir el sistema para la recolección 

● Diciembre 18, 2019 – Enero 13, 2020: Alejandro Ortega, líder del equipo de             
investigación, viajará a Colombia para la selección e instalación de los sistemas de             
recolección de datos, en caso de que el protocolo de investigación sea aprobado. 

● Enero 14, 2020: Alejandro Ortega regresa a Estados Unidos. Para esta fecha, todos los              
sistemas han sido instalados y están recolectando información 

● Enero 15, 2020 – Mayo 4, 2020*: En este periodo de tiempo es cuando la recolección de                 
datos toma lugar. Comunicación semanal tomará lugar para supervisar el proyecto de            
manera remota. Al final de este rango de fechas, se dará por terminado la recolección de                
datos y se recolectarán todos los sistemas que hayan sido instalados. Eliminación de la              
información tomara lugar al final de este periodo siguiendo los acuerdos con pacientes e              
institución de salud. 

7. Referencias Bibliográficas 
CDC. “Epilepsy Data and Statistics.” Centers for Disease Control and Prevention, Centers for 

Disease Control and Prevention, 25 Jan. 2019, www.cdc.gov/epilepsy/data/index.html. 

CDC. “Sudden Unexpected Death in Epilepsy (SUDEP).” Centers for Disease Control and 
Prevention, Centers for Disease Control and Prevention, 17 May 2018, 
www.cdc.gov/epilepsy/about/sudep/index.htm. 

Jehi, Lara. “Neurology's Silent Killer: Drug-Resistant Epilepsy.” Epilepsy currents vol. 16,4           
(2016): 232-3. doi:10.5698/1535-7511-16.4.232 

Joo, Hyo Sung et al. “Spectral Analysis of Acceleration Data for Detection of Generalized              
Tonic-Clonic Seizures.” Sensors (Basel, Switzerland) vol. 17,3 481. 28 Feb. 2017,         
doi:10.3390/s17030481 

Sirven, Joseph I. “Evaluation and Management of Drug-Resistant Epilepsy.” UpToDate, 20 Dec. 
2018, www.uptodate.com/contents/evaluation-and-management-of-drug-resistant-epilepsy. 

WHO. “Epilepsy.” World Health Organization, World Health Organization, 20 June 2019, 
www.who.int/news-room/fact-sheets/detail/epilepsy. 

8. Anexo 
Información de contacto e información adicional: 

Alejandro Ortega:  

● Email: alejandoortega@email.arizona.edu 
● Teléfono: +1 520-273-6265 

 

http://www.cdc.gov/epilepsy/about/sudep/index.htm
http://www.who.int/news-room/fact-sheets/detail/epilepsy
mailto:alejandoortega@email.arizona.edu
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Informed Consent 
  
Title of Research:  Epileptic Sleep Seizure Detection and Notification System 

  
Principle Investigator, Affiliation and Contact Information:  
Intel Corporation (Sponsor) 

● Iwan Grau 
o iwan.r.grau@intel.com 

● Palanivel Guruvareddiar 
o Palanivel.guruvareddiar@intel.com 

University of Arizona Senior Design Team 19063 
● Alejandro Ortega 

o alejandroortega@email.arizona.edu 
● Gordon Downs 

o gdowns@email.arizona.edu 
● Juan Gastelum 

o juang5@email.arizona.edu 
● Louis Bertani 

o louisbertani@email.arizona.edu 
● Humberto Lopez 

o khumbertolf@email.arizona.edu 
  
Additional Investigators and Affiliations:  

  
Institutional Contact:  

Department of Engineering  
University of Arizona 

520.626.3584  
 

1. Introduction and Purpose of the Study  
Epilepsy is a nervous system disorder that affects more than 3.4 million people in the United 

States (CDC, 2019) and nearly 50 million people worldwide (WHO, 2019). Many patients with 
seizures can control them after going through lifestyle changes and/or treatments with medicines 
that reduces the frequency and intensity of such attacks. However, there are patients who, despite 
receiving drug treatment, do not show improvement and become part of a population of epilepsy 
patients who have high mortality (Jehi, 2016). These patients have an increased risk with respect 
to SUDEP (Sudden unexpected death in epilepsy), especially if the patient suffers tonic-clonic 
attacks (Grand Mal) (CDC, 2018). Most of these deaths occur while the patient is sleeping, as it 
is harder for their caregivers to notice them and they cannot provide first aid in the event of a 
crisis (Sirven, 2014). With the help of the University of Arizona and Intel Corporation, it is 
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proposed to build a system that can monitor epileptic patients while they sleep and, in the event, 
of a crisis, the system would generate an alert for the patient’s caregiver.  

The purpose of the study is to collect data using our system, so that it can be used to train the                     
artificial intelligence that determines the detection of seizures. The data to be collected consists              
of “depth maps” which are images where instead of having color, they have the distance from the                 
camera of every pixel or point in the field of view of the camera. This information is then                  
converted into frequency spectrums (i.e. how often the objects in the frame are moving, their               
frequency), followed by the deletion of the recordings while keeping the frequencies. 

 
2. Description of the Research  

When the patient enters the program, he/she will be asked to allow for the placement of the                 
system in and around the bed the patient will sleep. The setup consists of one depth camera, one                  
minicomputer, a keyboard, cables and an internet connection. The patient or caregiver will be              
asked to turn on the system before going to bed, according to the Manual of Operations (see                 
documentation) and allow for overnight recording of motion. The patient and caregiver will be              
asked to ensure minimal interruptions to the camera recordings, excluding those that are urgent.              
By no means we intend to induce seizures on any patient. The system will record motion data                 
and upload it to a secure Dropbox folder, where data will be downloaded to be processed and                 
then eliminated. When the patient wakes up from sleeping, he/she or the caregiver is asked to                
stop the recording and leave the system on to allow for uploading the files to the cloud. After the                   
patient has completed the study, the system can be taken down from the patient’s bed. 

 

3. Subject Participation  
Participants must have been diagnosed with epilepsy and must present seizures. Patients must             

be between the age of 6 and 30 years old. If under 18 years of age, parent or legal guardian’s                    
consent is required. Participation involves allowing overnight recordings until May 13th, 2020,            
and log-keeping by caregiver where seizure occurrences are to be recorded.  

 
4. Potential Risks and Discomforts  

For this project, the only immediate risk appears if the camera falls and lands on the patients                 
or caregiver body, but the camera + mount should weight less than 1lb. No other risks have been                  
identified 

Discomfort can surge from the camera being placed above the patient’s bed if the patient is                
uncomfortable with the recording. 

 

5. Potential Benefits  
Potential benefits arise from deeper understanding on epilepsy monitoring systems, where the            

patient and caregiver can learn from the effectiveness of these systems. Furthermore, if the              
project succeeds, this open-source system could be utilized for monitoring the patient during             
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their sleep to reduce the probability of SUDEP, and increasing their quality of life by avoiding                
bulky, uncomfortable monitoring equipment. 
 

6. Confidentiality  
In this section let the participant know the level of identity protection of any personal               

information collected for this study. Will their identity be fully protected, and if so how, if not,                 
then to what level and what will be publicly available?  
 
The patient’s decision to participate in this study is entirely voluntary. Information such as              
names, addresses, etc. will not be collected. No private identifiable information (information that             
can readily identify a person) will be collected. Subjects will be assigned a codename to protect                
their identity. The recordings consist of depth maps (in which faces are undistinguishable) and              
regular RGB (color) video. The RGB video will be utilized only in ambiguous cases where the                
depth map + patient log information is not sufficient to identify the occurrence of a seizure. This                 
will require evaluation by medical professionals to give a verdict. The recording will be              
processed into frequency spectrums that cannot be used to reconstruct the original information.             
These spectrums contain no information about the patient and will be used to train artificial               
intelligence that will decide if a seizure is occurring or not. All recordings will be destroyed by                 
May 13th, 2020, but frequency spectrums will be kept.  
 
7. Authorization  

By signing this form, you authorize the use and disclosure of the following information              
for this research: I authorize the use of any observations and findings found during the course                
of this study for education, publication and/or presentation.  
  
8. Compensation 

At the moment, there is no compensation for the participation in this study. 
  
9. Voluntary Participation and Authorization  

Your decision to participate in this study is completely voluntary. If you decide to not               
participate in this study, it will not affect the care, services, or benefits to which you are entitled.  
  
10. Withdrawal from the Study and/or Withdrawal of Authorization  

If you decide to participate in this study, you may withdraw from your participation at any                
time without penalty. Please contact Alejandro Ortega (contact information above) in case you             
decide to withdraw from the study. 
  

11.Cost/Reimbursements  
There is no cost for participating in this study. Any medical expenses resulting from              

participation in this study will not be reimbursed by the investigators.  
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I voluntarily agree to participate in this research program  

□  Yes  

□  No  
I understand that I will be given a copy of this signed Consent Form.  
  
Name of Participant (print):  

 Signature:  

  

Date:  
  
Name of Witness (print):  

 Signature:  

  

Date:  
  
Person Obtaining Consent:  

 Signature:  

  

Date:  
  
Note: A copy of the signed, dated consent form must be kept by the Principle 
Investigator(s) and a copy must be given to the participant.  
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Requirement # Requirement Title Verification 
Method

Required
Value

Units Oper-
ation

Actual
Value

Pass/
Fail

Margin First 
Verification

UA Document Reference Deliverable Assignee Verification Description Notes

SR1.1 Image Requirement Test 16, 40 FPS >, < 30.01 Pass N/A CDR Doc 100,102 CDR AO & GD Test if system captures images in a 
certain format and framerate

SSR1.1.1 RGB Image Resolution Inspection 480x640 pixels = 480x640 Pass 0 CDR Doc 100,102 CDR AO & GD Inspect Resolution of RGB
SSR1.1.2 RGB Image FPS Test 16, 40 FPS >, < 30.01 Pass N/A CDR Doc 100,102 CDR AO & GD Test framerate of RGB
SSR1.1.3 Depth Image Resolution Inspection 480x640 pixels >= 720x1280 Pass 240X640 CDR Doc 100,102 CDR AO & GD Inspect Resolution of Depth Images
SSR1.1.4 Depth Image Rate Test 16, 40 FPS >, < 30.01 Pass N/A CDR Doc 100,102 CDR AO & GD Test framerate of Depth Images

SSR1.1.5 Save Images Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO & GD Inspect if images are saved to the 
system at least temporarily

SR1.2 Image Processing Test 16 FPS >= 61.41 Pass N/A ISR Doc 100,102 ISR AO Test if system processes images 
above desired rate

SSR1.2.1 Motion Rate Test 16 FPS >= 61.41 Pass 45.41 CDR Doc 100,102 CDR AO & GD Test if motion is processed above 
desired framerate

SSR1.2.2 Seizure Rate Test 16 FPS >= 71.77 Pass 55.77 ISR Doc 100,102 ISR AO Test if seizures are detected above 
desired framerate

SR1.3 Detection Accuracy Test/Analysis 90 % >= FAR Doc 100,102 FAR Test if seizures are detected above 
desired accuracy

SSR1.3.1 Capture to Analysis Inspection 10 Yes = 10 Pass 0 CDR Doc 100,102 CDR AO & GD Test if data is coming from camera 
sensor

SSR1.3.2 Bedsheet Test 10 Yes = 10 Pass 0 CDR Doc 100,102 CDR AO & GD Test if motion is detected below a 
bedsheet

SSR1.3.3 Accuracy Test 90 % => FAR Doc 100,102 FAR Test if seizures are detected above 
desired accuracy

SR1.4 Seizure Detection Test 10 Seconds <= FAR Doc 100,102 FAR Test if seizure detection is faster than 
desired time

SSR1.4.1 Seizure Timing Test 10 Seconds <= FAR Doc 100,102 FAR Test if algorithm can detect seizures 
under specified time

SR1.5 Conditions Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO Test and inspect if the system can 
operate in desired conditions

SSR1.5.1 Low Light Test 10 Yes = 10 Pass 0 CDR Doc 100,102 CDR AO Test if system detects relevant data in 
low light environments

SSR1.5.2 Image Capture Room 
Ambient

Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO Inspect if components tolarate 
temperature range

SSR1.5.3 Image Analysis Room 
Ambient

Inspection TRUE Boolean = TRUE Pass N/A CDR Doc 100,102 CDR AO Inspect if components tolarate 
temperature range

SR2.1 Alarm Test 10 Yes = FAR Doc 100,102 FAR Test if alarm sounds when seizure is 
detected

SSR2.1.1 Notif Send Test 10 Yes = ISR Doc 100,102 ISR JG Test if notification is sent and 
received

SSR2.1.2 Notif to Alarm Test 10 Yes = FAR Doc 100,102 FAR Test if notification triggers alarm

SR2.2 Wireless Test 10 Yes = ISR Doc 100,102 ISR JG Test if data is sent wirelessly over the 
internet

SSR2.2.1 Send over Internet Test 10 Yes = ISR Doc 100,102 ISR JG Test if packet is sent over internet to 
app in smartphone

SR2.3 Notif Timing Test 5 Seconds <= FAR Doc 100,102 FAR Test if notifications arrive within 5 
seconds of detecting seizures

SSR2.3.1 Notif Timing Test 5 Seconds <= FAR Doc 100,102 FAR Test if alarm triggers within 5 seconds 
of seizure being detected

SR3.1 Keep Log Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect if log is being stored

SSR3.1.1 Create and keep log 
FIFO

Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect if log is created, stored and 
manages FIFO fashion

SR3.2 View Log Inspection TRUE Boolean = N/A ISR Doc 100,102 ISR LB Inspect if log is visible and exportable

SSR3.2.1 Send entries as JSON Inspection TRUE Boolean = N/A FAR Doc 100,102 FAR LB Inspect that entries are sent in JSON 
format

SSR3.2.2 Display Log Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect that log can be seen on screen 
from the app

SSR3.2.3 Export Log Inspection TRUE Boolean = TRUE Pass N/A ISR Doc 100,102 ISR LB Inspect that the log can be exported 
as a .txt
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