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ABSTRACT 

The NAUSV team’s goal is to design a watercraft that is capable of maneuvering autonomously 

traveling along a series of four waypoints in the order they are given and that also has the 

capability of detecting objects and redirecting its path around them.  In order to achieve this goal 

we considered several alternatives, including systems based on laser vs. ultrasonic vs. camera 

detection systems.  After assessing cost, lead time, and performance we chose an ultrasonic 

detection system.  A detailed description of our final design is contained within this document as 

well as our testing procedures and results as well as our recommendations for the future. 

Upon receiving the problem statement, the following months were spent putting together 

different design concepts towards the design and performance of the USV.  In the second 

semester of the course, analysis was done to ensure the requirements could be achieved and the 

concept design was finalized.  Upon completion of the Critical Design Review, the NAUSV 

team ordered the proper equipment for the system per the approved design in order to move to 

the integration stage of the project.  The team then proceeded with system integration and 

producing a final testing configuration. 
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Executive Summary 

The NAUSV team’s goal is to design a watercraft that is capable of maneuvering autonomously 

traveling along a series of four waypoints in the order they are given and that also has the 

capability of detecting objects and redirecting its path around them.  There are a small number 

of technical requirements stipulated that clarify this description further.  In order to achieve 

this goal we considered several alternatives, including systems based on laser vs. ultrasonic vs. 

camera detection systems.  After assessing cost, lead time, and performance we chose an 

ultrasonic detection system.  A detailed description of our final design is contained within this 

document as well as our testing procedures and results as well as our recommendations for the 

future. 

This document will give an in-depth look at all of the aspects concerning the Navigation of an 

Autonomous Unmanned Surface Vehicle (NAUSV) project.  Details ranging from the initial 

project statement, project requirements, team design concepts, concept analysis, testing and 

results, as well as prototyping will be given. 

This project started off at the beginning of September 2007.  The design team was given the 

task of designing a prototype boat whose requirements and restrictions are detailed later in this 

document.  Upon receiving the problem statement, the following months were spent putting 

together different design concepts towards the design and performance of the USV.  Following 

into the second semester of the course, analysis was done to ensure the requirements could be 

achieved and the concept design was finalized.  Upon completion of the Critical Design Review, 

the NAUSV team ordered the proper equipment for the system per the approved design in 

order to move to the integration stage of the project.  System Integration began in late March 

and followed through most of April until the team reached a final testing configuration. 

Problem Statement 

The NAUSV team’s goal is to design a watercraft that is capable of maneuvering autonomously 

traveling along a series of four waypoints in the order they are given and that also has the 

capability of detecting objects and redirecting its path around them. 

The team was given an initial budget of $2000 with Areté Associates, the project sponsor, 

agreeing to furnish additional equipment as necessary.   As a result, the team was responsible 

for identifying all of the components that would be necessary to build a boat that achieved the 

desired capabilities.  This included sensors (both detection sensors and navigational sensors), a 

platform on which to put the boat, and the proper components for the propulsion and steering 

of the boat. 



Once the proper components were identified and approved in the Critical Design Review, the 

NAUSV team was responsible for purchasing and gaining possession of the necessary 

components and testing them as well as integrating them with one another.  After the 

successful completion of the integration phase the NAUSV project was to be tested as a whole 

and demonstrated to the project sponsors.  

Technical Requirements 

The system shall be capable of detecting spherical lambertian objects on the surface of the 

water with 8 percent reflectance.   It shall be capable of visiting up to four waypoints in the 

order provided and return back to its starting position without making contact with the 

obstacles placed in its way throughout the course.   Operational requirements assume no wind 

and smooth water.  Safety characteristics of the USV require eye safety in accordance with ANSI 

Standards Z136. 

Extra Information:  In terms of requirements this project was set up to be fairly open-ended.  

There are no requirements given for the design of the boat in terms of its characteristics or in 

terms of subsystems.  No velocity requirements have been given. 

Concepts Considered 

A total of three different concepts were considered for the project.  Initially, our block diagram 

consisted of all of the different subsystems we identified as necessary, which included a CPU 

chip acting as the mind of our watercraft.  We considered an Inertial Navigation System and a 

GPS module with a magnetic compass for the fulfillment of our navigational requirements.  The 

three concepts vary around the detection system of the watercraft.  The first was a laser 

detection system, the second an ultra-sonic rangefinder system, with the final concept being a 

general passive detection using a camera as our detector.  Factors that went into choosing of 

our final design were cost, performance, weight, safety, and ease of integration. 



High Level Drawings 

 

 The previous drawing is a high level system diagram consisting of all the subsystems of 

the USV.  Subsystems include a digital compass and GPS module as our functioning navigational 

subsystem, our detection subsystem consisting of multiple ultra-sonic detectors, our servos, 

rudder, H-Bridge, and motor parts all making up our platform subsystem as well as our 

Brainstem CPU; our computer function as our vehicle brain which interacts with all previous 

subsystems. 

Testing and Test Results 

Initial testing of hardware involved the communication between the Brainstem controller and 

the host computer.  Basic functions, commands, and status relays were tested to demonstrate 

connectivity.  Location, time, and heading information were then gathered from the GPS and 

compass modules using the sample code given (all within specifications given).  Finally, all seven 

rangefinder sensors were actively tested for maximum range, maximum angle, and 

detectability of water.  While only 6 of the 7 sensors were operational, the maximum range was 

found to be 9 meters, the beam profile showed a FWQM of 70 degrees, and the sensitivity to 

water required at least 1 inch elevation (ranging to azimuth). 

Prototype Description – Photos 

Both photographs demonstrate the platform fitted with all 5 rangefinders, GPS module, 

compass, brainstem, and I2C bus splitter. 



 

 



 

Conclusions and Recommendations 

The NAUSV team is pleased to have completed the design analysis for the NAUSV project.  

Aside from recognizing the components necessary and going through the process of trade-off 

studies and research to narrow the specifications for each component until we had defined it 

sufficiently to purchase a commercial, off-the-shelf product for integration with our system.  We 

initiated testing and integration procedures.  As a result we have also successfully identified each 

of the components necessary, purchased them, and obtained possession of each of the 

components. 

Though we are very excited to have been able to reach these accomplishments during senior 

design, there is still work remaining that may be undertaken by a subsequent senior design team 

for the following year.  For the future teams’ benefits, we have ensured that each of the 

components is ready to be integrated and that all of the associated documentation has been 

retained.  In other words, the system is ready to be integrated and tested/refined. 

Furthermore, we provide the following recommendations for the hardware and software 

integration and testing recommendations. 

Hardware Integration and Testing 

The team should review the documents that the original NAUSV team has created in order to understand 

the general system layout and the reasons that certain components were chosen.  After that, the first 

integration and testing step is to integrate the remaining hardware components.  We recommend 

integrating the components and performing basic CPU �� component testing one component at a time 

in the following order: 

• All five detectors 

[This should be relatively simple as the connections have already been soldered and will be a 

good way to become familiar with the BrainStem and the system.] 

• The digital compass 

[This should be another component that will be more straightforward.  Additionally, the compass 

costs relatively little in comparison to the GPS module, so it should be used first to help the team 

get acquainted with the system.] 

• The GPS Module 

[This component costs about $400 and is one of the most expensive components.  Therefore the 

team should wait to integrate and test the GPS Module until the members feel comfortable 

working with the system’s electronics.] 

• Servo and rudder 

[Next we recommend integrating the servo and rudder to the BrainStem Moto.  This should be 

fairly straightforward with the exception of the final step of attaching the rudder to the servo, 

which may prove a little more complicated.  (See below.)] 



• Motor (via the H-bridge)
1
 with the 7.2V 6-cell battery pack 

[Connecting the motor via the H-bridge to the BrainStem may prove complicated.  The motor, 

intended for use with an air propeller, was not originally designed for applications such as the 

NAUSV project; however, we chose the motor after speaking with technical support at Tower 

Hobbies and Electrifly (the manufacturer) which indicated that we had a substantial chance of 

succeeding with this motor.  The battery pack, purchased from Acroname, is hoped to be 

sufficient for motor power over an extended duration.  No concrete data could be found but again 

we made this decision after repeated conversations with Acroname support.  Once these 

components are working, the air propeller may be added for velocity testing.] 

• Power (implicit) 

[The power for most of the components will be tested with each of the components.  That is, the 

power (in the form of four AA batteries) will be needed to perform individual component testing.  

Therefore, power should not need to be tested separately.] 

Incremental Software Integration and Testing 

[There is example software available for the operation of most components on Acroname’s 

(www.acroname.com) example browser; however, in most cases this code will only demonstrate basic use 

of the components with the BrainStem.  It will be necessary for the continuing team to develop software 

(code) that will incrementally incorporate two, three, four, …, all of the components into the software 

algorithm as they begin to perform tasks that require multiple components to work together.  Below is the 

order in which we recommend hardware be integrated] 

o GPS and Compass 

o GPS, Compass, Detectors 

o GPS, Compass, Detectors, Servo/Rudder [can demonstrate early ability to recognize/steer away 

from obstacles] 

o GPS, Compass, Detectors, Servo/Rudder, Motor (w/prop and batteries) [this will allow for more 

in-depth testing – once these parts are all connected, demonstrations and testing of the entire 

system will be possible and the software algorithms can be fully implemented and tested.] 

 

We recommend that the team follow the outline we have created for the software algorithm. 

For the reference of future members, the following contact information is provided for technical support 

at the vendors through which we purchased the majority of our products. 

 

Acroname [www.acroname.com]: (720) 564-0373 

• Nearly all electronic components except for the motor were purchased here. 

Electrifly [http://www.electrifly.com/motors/speed600.html]: (217) 398-0007 

• We purchased the S-600 motor via Tower Hobbies.  This is the manufacturer. 

RCairboats.net (Chris Selph) [www.rcairboats.net]: (863) 447-1735 

• We purchased the boat itself from Chris, who worked closely with the NAUSV team to tailor it to 

our needs.  (Chris can also be reached at chris@rcairboats.net.) 

 

                                                           

1
 As a side note, we believed that the motor could rotate counterclockwise or clockwise, but as we later discovered, 

each model of the motor can only rotate in one direction unfortunately. 



We hope that these instructions and information prove helpful to the future team that works on this 

project.  It has been a fun and exciting project, filled with challenges, and we are glad to have been able to 

participate and also that the project may yet work as a whole with the help of a future senior design team. 

 

Best of luck! 

 

NAUSV Team 2007-2008 

 

 

 

 



TECHNICAL REQUIREMENTS DOCUMENT 

 

Prepared by: 

 

Navigation Autonomy for Unmanned Surface Vehicle 

 

February 28, 2007 

 



1. SCOPE 
This document details the list of essential technical requirements necessary for completion of the 

Navigational Autonomy for Unmanned Surface Vehicle (NAUSV) system being designed for Areté 

Associates. 

 

The NAUSV project entails the design of an unmanned vehicle that is fully autonomous with respect to 

its navigation. Navigation will include essential features such as guidance, obstacle detection, and 

obstacle avoidance.  This project aims to develop a prototype model boat with these capabilities and in 

the remainder of this document the key deliverables for NAUSV project success are outlined. 

2. DOCUMENTS 
Includes standards required for this project 

 

2.1 ANSI Standards 

2.1.1 ANSI Standard Z136 

Standard includes requirements for laser safety. 

3 REQUIREMENTS 
The following are the requirements for the system that we will build. 

3.1  Interfaces 

3.1.1 USV-Obstacle Interface 

The USV shall be capable of detecting “valid obstacles” in its path.  Valid obstacles are to be defined as 

solid buoyant objects in the path of the platform.  They shall be no less than 1 foot in diameter.  Valid 

obstacles shall have a lambertian surface with no less than 8% total reflectivity and shall not be 

submerged.  Valid obstacles shall not move relative to the water surface. 

 

 

 

 

 

 

 



3.1.2 NAUSV Block Diagram 

 

 

Figure 1.  System Layout 

 

3.1.2.1 Power Requirements 

 

The recommended input voltage for the GP 1.0 module onboard voltage regulator is 6V to 12V.  

Four or more rechargeable batteries (1.2 - 1.5V) will be used as our power source to the CPU, which 

will then provide power to the detector and navigation components.  A large bypass capacitor 

(100uf-1000uf) on the supply input will help prevent power glitches should they be a problem.  For 

the motor we will use a 6-cell NiMH battery pack (7.2 V, 4200 mAh). 

 

We will also use an H-Bridge component.  The H-Bridge essentially enables us to regulate the voltage 

we apply to the motor (to achieve the desired speed) while also allowing the higher current load 

without interfering with other (lower current) input/output signals.  The H-Bridge will provide the 

required 0 – 7.2 volts of power needed. 

 

Given the power requirements and solution we will be able to provide a vehicle that can run for 

21 hours.  

 

 

 



3.1.2.2 Platform Requirements 

 

Weight: 5 pounds 

Rudder Speed:  360 degrees/second 

 

3.1.3 Central Processing Unit (BrainStem) 

The Controller is required to control all other electrical components on the USV platform. The 

component that the NAUSV team plans to use is the Brainstem manufactured by Acroname Robotics.   

 

Figure 2.  Brainstem CPU 

 

The Brainstem CPU will be interfaced with all the other subsystems including the detector, GPS, RF 

receiver, and vehicle platform. 

 

BrainStem features:  

544 bytes of RAM 

40 MHz RISC processor  

5 channel, 10 bit A/D  

5 digital I/O lines  

1 MBit IIC port  

IIC routing  

Stores 11 1K TEA programs  



Runs up to 4 TEA programs concurrently  

RS-232 serial port  

Convenient power and ground connections for each I/O pin  

The ability to run 4 concurrent TEA processes 

 

The connections between the CPU and all subsystems is an I^2C cable.  The advantage of using an 

I2C connector is that it can be interfaced with RS-232 and USB depending on what we need. 

 

 

Figure 3.  I^2C Connect 

3.1.4 Detection – SRF08 Devantech Rangefinder 

 

The rangefinder used for detection is an ultra-sonic device available from Acroname; the SRF08 

Devantech Rangefinder.  For our design, five SRF08 detectors will be used: 

Range:   0.03-6.00 m 

Frequency:  40kHz +/-1kHz 

Voltage:   5-20 V 

Current:   12mA (3mA idle) 

Weight:   .4 oz. = 11.4 g 

Dimensions:  43x20x17 mm 

FFOV:   55 degrees @ -6dB 

Interface:  I2C bus, 2 bytes/echo 

 

Sensitivity @ 40kHz: 



Transmitting (10V at .3m):  

 120dB @ 0dB = .0002μbar 

Receiving: -65dB @ 0dB = 1 V/μbar 

Modulated: Yes 

 

Figure 4.  Detector Range Graph 

 

3.1.4.1 Velocity Requirements derived from the detector 

 

The angle to turn the platform must be determined. 

This angle is based on: 

distance/width of the object 

velocity of the platform 

processing/control time 

The control time, however, is dependent on the velocity and the desired angle. 

 

 



 

Figure 5.  Velocity Derivation 
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3.1.5 Navigational System 

 

The navigation in the USV will be controlled by two separate subsystems, a GPS unit and a digital 

compass unit.  The GPS will be the R217-TR-GPM from Acroname Robotics.  An I2C cable will be used to 

interface the GPS with the processing unit.  Requiring 6-16 V DC from its interface, the CPU, as well as 

60 mA of current it will send back information to the CPU with a baud rate of 400 kbs and an update 

rate of 1 Hz. 

 

 

Figure 6.  Circuit Schematic of GPS with CPU 

 

The second component is the Devantech Digital Compass which will also come from Acroname.  Like the 

GPS, it will use an I2C interface with the CPU with a bus speed of 100 kbs.  Power requirements are 6 V 

and 20 mA of current. 

 

Given the information for the magnetic compass, the latency for the navigational unit as a whole is 160 

microseconds.  Small enough to be considered negligible, the update rate will not be affected by this 

latency.  Thus, a maximum velocity of the USV is determined to be 1.86 m/s (6 ft/s, or 4 mph).  This 

was a flow down requirement from the detector.  Figure below provides a layout of the navigational 

subsystem as a whole. 

 



 

Figure 7.  CPU module with compass 

 

3.2 Performance Characteristics  

3.2.1 Guidance  

The system shall accept an input of 4 waypoints in GPS coordinate pairs.  The boat will proceed in a 

serial fashion from waypoint 1 to waypoint 4 in the order they are given.  The system must travel to 

each waypoint in the order they are given without colliding with any obstacles and without reducing 

velocity to zero or traveling in the direction opposite travel immediately prior to encountering an 

obstacle. 

 

3.2.2 Operational Conditions 

Environmental conditions for designed use shall be as follows: Operation will occur during daylight.  

Accordingly, operating temperatures may range from 5 to 40 degrees C (41 to 104 F).  Acceptable wind 

and water conditions are up to 1.5 m/s (3 mph) winds with water conditions expected to be still. 

3.3 Safety 

All lasers within the USV must be eye-safe as per ANSI standard Z136 [verify this number]. 

 

 
 



4. QUALITY ASSURANCE PROVISIONS 

4.1 System Requirements Verification Matrix 

 

Inspections and tests shall be performed to confirm and demonstrate that USV meets the requirements 

of this specification. 

 

The quality conformance inspection methods shall include: 

 

A = Analysis (note 1) 

D = Demonstration (note 2) 

I = Inspection (note 3) 

T = Test (note 4) 

N/A = Not Applicable 

 

Note 1: Analysis is defined as the verification that a specified requirement has been met through the 

technical evaluation of equations, charts, reduced data and/or representative data. 

 

Note 2: Demonstration is defined as a non–instrumented test where success is determined by 

observation alone.  Included in this category are the tests that require simple quantitative 

measurements such as dimensions and time to perform a task. 

 

Note 3: Inspection is defined as a visual verification that the equipment, as manufactured, conforms to 

the requirements documentation to which it was designed. 

 

Note 4: Test is defined as the verification that a specified requirement is met by a thorough exercising of 

the applicable element under appropriate conditions and using appropriate instrumentation in 

accordance with test procedures. 

 

 

 



Table 3.1-1: SRVM for System Requirements 

Number Paragraph I T A D 

3.1.2.1 Platform Power X    

3.1.2.2 Platform Requirements  X   

3.1.3 CPU Requirements  X   

3.1.4 Detections Requirements  X   

3.1.4.1 Velocity  X   

3.2.1 Guidance    X 

3.2.2 Operational Conditions X    

3.2.3 Obstacle X    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



STATEMENT OF WORK 

Prepared by: 

 

Navigation Autonomy for Unmanned Surface Vehicle 

 

November 15, 2007 



1. SCOPE 
This document details the list of key responsibilities for the Navigation Autonomy for an Unmanned 

Surface Vehicle (NAUSV) project to be completed by the senior design team, i.e. the Subcontractor. 

 

 

The NAUSV project entails the design of an unmanned vehicle that is fully autonomous with respect to 

its navigation. Navigation will include essential features such as guidance, obstacle detection, and 

obstacle avoidance.  This project aims to develop a prototype model boat with these capabilities and in 

the remainder of this document the key deliverables for NAUSV project success are outlined.  

2.0 DOCUMENTATION 
Includes standards required for this project 

 

2.1 ANSI Standards 

2.1.1 ANSI Standard Z136 

Standard includes requirements for laser safety. 

3.0 REQUIREMENTS 

3.1 Program Management 

The Subcontractor will organize, coordinate, and control all internal project activities to ensure a timely 

delivery of all supplies and services as specified in the contract. The Subcontractor will appoint a single 

program manager directly responsible for all aspects of the NAUSV program described in this SOW. The 



Subcontractor will additionally develop and maintain program management documents in order to 

manage technical performance, cost, schedule, and delivery requirements of this contract.   

 

The Subcontractor will also conduct weekly meetings to coordinate and delegate project tasks amongst 

team members.  In addition, monthly meetings will take place between the NAUSV team and the team 

sponsor. 

3.1.1 Earned Value Measurement System 

The NAUSV design team will provide an EVMS each month and at each gate review.  The EVMS will serve 

as a budget and resource planning tool.  As time and money are invested in the NAUSV system, actual 

progress and expenditures will be measured against the planned performance and deadlines. 

3.1.2 Monthly Status Report 

The Subcontractor will furnish a monthly status report to Andrew Paul, which will include updates on 

recent progress and the most recent version of the EVMS. 

3.1.3 System Requirements Review/Concept Review (“Gate 1”) 

The NAUSV team will develop the following documents for the Gate 1 Review. 

3.1.3.1 Contract 

The design team, hereafter known as the Subcontractor, will furnish a contract detailing the 

deliverables.  This contract will explicate the responsibilities of the Subcontractor and the financial 

agreement between Areté Associates and the Subcontractor in order to purchase the necessary 

resources for system design and production.  The contract will be delivered as a product for Gate 

1.2.2.1.2 Work Breakdown Structure (WBS). 

The Work Breakdown Structure will be the key reference document for planning, controlling, and 

reporting requirements. 

3.1.3.2 Technical Requirements Document 

The NAUSV team will create a TRD that defines the system level requirements for the project. 

3.1.4 Preliminary Design Review (“Gate 2”) 

The NAUSV team will develop the following documents for the Gate 2 Review. 

3.1.4.1 Bill of Materials 

The Subcontractor will develop a list of materials necessary for system construction that will either be 

purchased or furnished through the team sponsor. 

3.1.4.2 Trade Study 

The Subcontractor will perform no less than one documented trade study in order to evaluate two or 

more alternatives for fulfilling system requirements. 



3.1.4.3 Preliminary Design Concepts 

The Subcontractor will document and develop a point design for a specific design concept. 

3.1.4.4 Long Leads List 

The Subcontractor will compile a list of products with long lead times for product acquisition. 

3.1.4.5 Preliminary Design Test Plans 

This Subcontractor will outline in detail the initial system tests that will be performed to verify early 

system compliance with the requirements. 

3.1.4.6 Preliminary TRD 

This Subcontractor will provide an updated TRD with additional and more detailed technical 

requirements that describe the optimal design concept. 

3.1.5 Critical Design Review (“Gate 3”) 

The NAUSV team will develop the following documents for the Gate 3 Review. 

3.1.5.1 Determined Test Plans 

The Subcontractor will outline in detail the test plan for the design system. 

3.1.5.2 Alternate Test Plans 

The Subcontractor will also retain alternate test plans in the design team’s engineering notebook for 

future reference. 

3.1.5.3 Complete TRD with Final Design 

The Subcontractor will create a final Technical Requirements Document with the mandatory 

requirements of the system and its major sub-systems as detailed in the final design. 

3.1.6 Integration (“Gate 4”) 

The NAUSV team will develop the following documents for the Gate 4 Review. 

3.1.6.1 Completion Plan 

The Subcontractor will create a schedule outlining the completion of this project. 

3.1.6.2 Final Test Procedure 

The Subcontractor will outline in detail the final test procedures to be performed in order to determine 

that the system complies with its requirements. 

3.1.7 Final Test and Finish (“Gate 5”) 

The NAUSV team will develop the following documents for the Gate 5 Review. 



3.1.7.1 Test Report 

The Subcontractor will provide a final document, reporting the procedures and results of the system 

tests performed. 

3.1.7.2 Project Report 

The Subcontractor will provide a final project report upon completion of the NAUSV system reviewing 

the development, design, and testing of the USV system.  This report will describe the algorithm, system 

design, and performance results. 

3.1.8 System Requirements Verification Matrix (SRVM) 

The Subcontractor will generate a System Requirements Verification Matrix (SRVM) for the NAUSV 

project.  This SRVM will provide traceability for each requirement of the NAUSV in the Technical 

Requirements Document.  Using the SRVM, the Subcontractor will propose that the fulfillment of each 

requirement be verified by inspection, analysis, test, or demonstration. 

3.2 Project Requirements 

3.2.1 Hardware 

The Subcontractor will manufacture an Unmanned Surface Vehicle, which will encompass the following 

components: Unmanned Surface Vehicle Platform, Obstacle Detection System, Navigation System, 

Power Distribution Unit, Central Processing Unit, and Control Mechanism. 

3.2.2 Software 

The NAUSV team will furnish the code used for navigation of the USV to Areté Associates. 

3.3 Demonstration 

The NAUSV team will demonstrate the USV system at a lake to be determined in Arizona.  The results of 

this demonstration will be summarized in the Project Report. 

 



Trade Studies 

 

 

 



 

 

 

 



 

System Models and Analysis 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 



Technical Data Package 

 

No TDP was required for this project 

 

 

Test Procedure Manual 

Executive Summary 

 

Unmanned systems are increasingly being used to provide persistent littoral surveillance for a broad 

range of missions.  As missions increase in complexity, multiple unmanned vehicles of different classes 

will need the ability to operate autonomously in the littorals. As Unmanned Surface Vehicles and 

Unmanned Underwater Vehicles increase in the roles to harbor and river security and homeland 

defense there will be a higher need for automated operations of unmanned vehicles in the littorals. 

 

Our NAUSV project has been to build a prototype of such a USV that demonstrates basic navigation and 

obstacle avoidance capabilities and ideally will be a starting point from which more advanced systems 

are built. 

 

The following is a summary of the test procedures to be performed for the NAUSV project.  The goal of 

these procedures is to verify that our system meets its requirements.  We will accomplish this using our 

SRVM (System Requirements Verification Matrix) as a roadmap.  We will focus on how each of our 

requirements can be verified, whether by testing, inspection, analysis, or demonstration. 
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I. Prototype Test Plan 

The following table is a summary of the SRVM which can be found in table 3.1-1 of the Technical 

Requirements Document, given in a special format designed to form a Testing Matrix. 

Table 5.1 Specifications and Testing Methods. 

Criteria Method of Verification Design Specification Test Results 

Integration    

3.1.2.1 Platform Power Inspection 6 V – 12 V Yes 

3.1.2.2 Platform Requirements Inspection 5 lbs, 180 degree/s rudder Yes 

3.1.3 CPU Test 40 MHz Yes 

3.1.4  Detection Test 6 meters Yes 

3.1.4.1 Navigation Test 
1 Hz Update Rate, 5m 

location error 
Yes 

System Conditions    

3.2.1  Guidance Demonstrate 
Course  Completion by 

Design Day 
No 

3.2.2  Operational Conditions Inspection Observe Weather No 

3.2.3  Obstacle Inspection 
Observe/Measure reflective 

targets 
No 

 

Platform Power 

 

 Inspection purpose 
The platform power must be verified in order integration of the rest of the subsystems. 

  

 Resources needed 

1. Batteries – 4 AA 

2. Battery Case 

3. Brainstem CPU 

4. Detectors – 5 Devantech Detectors 

5. GPS 

6. Magnetic Compass 

7. I2C Interconnects 

8. 4 AA Batteries with battery pack 

 

 Inspection procedure 



1. Connect all subsystems with the Brainstem according to the 3.1.2 in TRD. 

2. Let system run before integration into platform to verify time of flight according to 

3.1.2.1 of TRD. 

 

Platform Requirements 

 

 Inspection purpose 
Weight requirements must follow 3.1.2.2 of the TRD. 

 

 Resources needed 

1. All components including the motor, motor power, rudder servos, and the 

platform. 

2. Weight Scale. 

 

 Inspection procedure 
1. Weigh each component before integration. 

 

 

CPU Requirements 

 

 Test plan purpose 
The underlying need behind the 40 MHz processing speed requirement is to ensure that the processor is 

capable of running an entire cycle (detection, calculation, and navigation) within the amount of time 

allotted for this function in our calculations.  As a result, we will use the cycle completion time as the 

metric for the verification of this requirement.  In order to calculate this we will need the entire 

assembled system (detectors, batteries, GPS module, H-bridge, motor, platform, rudder, BrainStem CPU 

and all associated IIC wiring) and a stopwatch and meter stick. 

 

We will place the boat on a platform (such that the motor and rudder can move freely) and run the 

detection and navigation software on the CPU.  We will then measure 6 meters from the boat and place 

an object at that location directly in front of the boat at time to, at which we will start the stopwatch.  

We will not stop the stopwatch until the rudder has moved to its turning position and come to rest in 

that position.  We will then stop the stopwatch. 

 

Given that we have already designated a time allowance to this process in our analyses of the boat 

speed for our design review, we know that this must be completed within 2 seconds. 

 



We will repeat this experiment 10 times and examine the results.  If the results are consistently at this 

time limit or below we will accept this as verification that our system meets its requirements.  Otherwise 

we will deem that it does not meet these requirements. 

 

 Resources needed 

1.  Detectors – 5 Devantech Detectors 

2.  GPS 

3   Magnetic Compass 

4.  I2C Interconnects 

5.  Rudder Servo 

6.  H Bridge 

7.  Digital Multimeter 

8.  4 AA Batteries with battery pack 

 

 Test plan procedure 
1. Connect Brainstem to compass and test.  The Brainstem should read a 2 byte reading 

from the compass module and display the results in degrees. 

2. Similarly connect the servo to the Brainstem module and verify the Brainstem 

controller software can control servo speed and other settings. 

3. Connect H-Bridge to the Brainstem module.  Next, connect the motor power and the 

DC Motor to the H-Bridge component. Verify the H Bridge supplies a high current at 

the appropriate voltage for the motor.  A digital multi-meter will be needed to make 

the verification. 

4. After connecting each component mentioned above, we perform the detector and 

GPS test. Finally, we will test the entire system, once it is connected to verify if the 

source code can perform well with the controller and other components.  

 

  

Detection 

 

 Test plan purpose 
Part 1 - Measurement: 

 

2 byte value will be non-zero for detection of one object. The following table will indicate the detection 

of 1 obstacle.  

 

To use this table, we test for 1 obstacle. The third row is to be filled as follows: 

Detection of obstacle –  First box must be filled with expected distance  



Third box must be filled with observed SRF08 distance 

 

The closest obstacle will turn up in the 2-3 registers. This will matter to obstacle detection and 

avoidance for the boat.  The values register should be within 1 inch of actual distance to qualify as a 

successful measurement. 

  

Part 2 – Instrumentation: 

 

Parts needed:  (a)  Laptop: Windows XP SP1, with 1 USB 2.0 port 

  (b)  1 SRF08 Rangefinder 

(c)  Brainstem Moto with USB 2.0 interface connection and power pack. 

(d) Measuring Tape 

 

Part 3 – Test for angular detection: 

The FWQM will be at 55 degrees +/- 5 degrees is the error threshold to qualify as a successful and 

accurate measurement.  

 

 



Navigation 

 

 Test plan purpose 
Testing for the GPS module will include measuring the location error, this being the distance 

from where the GPS says the vehicle is compared to where it actually is as well as the update 

rate.  The given location error of the GPS module is 5 meters however it is not known as to 

whether location data is given in randomly inside of a 5 meter radius, or if it is given in the same 

position after the GPS refreshes but with the knowledge that the error is at maximum 5 meters 

away.  Ten measurements will be taken to determine the format of the location error and from 

these 10 tests we can measure the average location error and verify the 5 meter error given by 

the GPS manufacturer.  The specified update rate for the GPS unit is 1 Hz, so testing will be done 

to confirm this.   A time-averaged measurement from 1 minute can provide us with an accurate 

measurement for the actual update rate of the GPS module. 

 

 Resources needed 

1. 4 AA batteries with battery pack 

2. Brainstem Module 

3. GPS Module 

4. Magnetic Compass 

5. Measuring Tape 

 

Test plan procedure 
1. Connect GPS and magnetic compass to the Brainstem module as shown in 3.1.5 in the 

TRD 

2. Insert GPS coordinate via provided software to verify an update rate of once per 

second. 

 



Guidance 

 

 Demonstration  purpose 
This is the main function of the USV.  Guidance will be verified by the USV completing a course 

where the vehicle successfully reaches all the waypoints given and detects and diverts around 

any obstacle placed in the path according to 3.1.1 in the TRD. 

  

 Resources needed 

1. Fully Integrated USV 

2. 6 target objects 

3. Notebook Computer  
 

Demonstration  procedure 

1. Provide the waypoints to the BrainStem CPU via the USB Flash Drive and the 

USB Connector. 

2. Sponsor places the targets as desired. 

3. Initiate guidance algorithm in the BrainStem. 

4. For each waypoint, evaluate whether the system successfully reaches the 

waypoint. 

5. For each obstacle, evaluate whether the system collided with that obstacle at any 

point during the demonstration. 

6. Turn off the system. 

 
Operational Conditions 

 

 Inspection purpose 
Purpose is to decide whether to test the system guidance given weather conditions.  Weather 

conditions must fall in agreement with 3.2.2 of the TRD. 

  

 Resources needed 

1. Computer 

2. Eyes 

 

Inspection procedure 

1. Check accuweather.com or another weather forecast site to verify weather 

conditions. 

2. Go outside and verify online weather forecast. 

 
Obstacle 

 



 Inspection purpose 
Obstacle must be verified 8% lambertian reflectance, no longer than a foot in diameter. 

  

 Resources needed 

1. Object specifications/certification 

2. Objects 

Inspection procedure 

1. Consult any specifications or certification available for the objects.  If a reliable 

source states that the object meets its requirements there is no need to continue 

further.  

2. Verify that the object in possession is in fact that the object being described. 

 
II. Closure 

 

Based on the Critical Design Review and our System Requirements Verification Matrix the NAUSV team 

has developed a detailed Testing Procedure Manual.  These procedures will help us ensure that we do 

not make false assumptions that we are meeting our requirements; in contrast, we will have specific 

evidence that we can point to that will help ourselves and our sponsor feel confident that our system is 

fulfilling its requirements. 

 

 


