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ABSTRACT 

  

Conventional hardware development of sensor systems can be complex and tedious due to the 

time-consuming procedures of prototyping the physical hardware and the lack of firmware 

examples for testing and evaluation. In this paper, we introduce the concept of a new 

development process in the format of one single core module with a standardized interface so 

that a large number of sensors may be connected easily in an ad-hoc manner. The sensors can 

then be programmed with standard development tools and processes. The concept of the design 

modules enables effective and rapid prototyping of hardware implementations without prior 

knowledge of the low-level details of the hardware components. With this capability, sensors can 

be connected to a core module for rapid development of low-cost high-performance devices. 

 

 

INTRODUCTION 

  

In recent years, semi-conductor fabrication technology has improved at a rapid pace making 

high-performance integrated circuit technology commercially available at extremely low cost 

and in very small packages. Microcontroller Integrated Circuits (ICs) and Micro-Electro-

Mechanical Sensors (MEMS) specifically have greatly benefited from these improvements in 

process and fabrication engineering technology, yielding devices with extremely small form 

factors as well as increased power performance and functionality. Figure 1 displays the 

integrated circuit die of the PIC16C505 microcontroller and a MEMS device illustrating the 

extremely small-scale of this technology. The main costs of designs that utilize these components 

are now mainly driven by the hardware and software engineering development work required to 

produce functional sensor systems.  
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As a result of developments, the controls and sensor electronic components that are 

commercially sold today are often available with very low Size-Weight-and-Power (SWAP) 

specification. It is therefore desirable that fully-developed sensor systems are designed to 

minimize the overall SWAP of the system as well. There are many applications both military and 

commercial ones that would benefit greatly from reduced SWAP sensor systems, which is a 

main focus of industry work today. One of the largest market forces driving the commercial 

demand is the development of Internet-of-Things (IoT) products [2]. IoT products generally 

cover any sensor that can communicate either directly or indirectly with networked computers to 

transmit its sensor data for further centralized processing, such as automobile sensors that 

transfer vehicle performance data to the manufacturer for reliability tracking.  

 

 

           
(a.)               (b.) 

Figure 1. PIC16C505 microcontroller die with 1200nm fabrication technology (a.) and silicon 

capacitive MEMS accelerometer (b.) [1] 

 

Engineering and development of sensor systems in the past typically involved prototyping the 

system design with large rack mounted test and measurement equipment. In many cases the final 

product would be of similar size and shape of the large test-equipment although more tightly 

integrated. Designing small sensor systems for potential IoT applications, however, poses a new 

set of challenges to successful implementation of the system. Software complexity, electronic 

noise coupling, timing and synchronization problems, and electromagnetic interference (EMI) 

can all become serious issues when integrated multiple sensor packages and micro-processors 

into a small integrated embedded system. To save on development costs and minimize risk for 

miniaturized sensor systems, it would be desirable to start prototyping with the embedded sensor, 

communications, and microprocessor components immediately to identify the most problematic 

issues that could be encountered in the system design. Oftentimes, however, the initial software 

and hardware work required to construct a development environment to even begin testing the 

embedded sensors can be time-consuming and arduous. Once full-scale system testing is begun, 

it may be discovered that key sensor components are not adequate to meet the required system 
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performance specifications. Suitable replacement parts may require completely different 

communication and software interfaces invalidating much of the design and development work.  

 

A modular sensor architecture that can quickly begin acquiring data from a variety of 

commercially available sensor components with minimal development work would provide 

significant value to the engineering design process of embedded sensor systems. The motivation 

behind PUREmodules was to address this need by simplifying the development of prototype 

hardware mainly by building an adaptable interface for sensors around tested and robust 

hardware designs. The PUREmodule system is designed to be modular so that different sensors 

can be attached and detached from the system through simple mechanical interfaces. The benefit 

of this approach minimizes the need for constantly re-building custom printed circuit boards for 

similar sensors so that the risk and costs are drastically reduced. The overall goals of this project 

are to organize robustly tested hardware and software into modular components, provide a quick 

way to instantiate and experiment with new sensor designs, allow custom hardware to be easily 

added, and ensure that design resources are spent on the highest priority needs of the system. 

 

 

SENSOR MODULE ARCHITECTURE 

 

Careful consideration and design work was required to construct a modular hardware/software 

platform that is general enough to interface with a wide variety of sensors while also providing 

enough specialized functionality to be of utility to engineers. To meet these goals Pure 

Engineering has developed the PUREmodules architecture, which aims to develop an open and 

easy way to make plug-and-play sensors for developing hardware prototypes. By standardizing 

on a single common pinout and making it openly available, the modules can be made compatible 

with each other, and any interested parties can also add to the ecosystem of sensors by 

contributing their designs. A combination of the right set of boards can produce a custom 

hardware solution that can be assembled very rapidly to serve as the prototype sensor system.  

The key set of architecture design decisions consisted of determining the hardware connectivity 

and software protocols the sensor modules would utilize to communicate with one another. 

 

The printed circuit board (PCB) layout and software work redundant to multiple sensor 

architectures was compiled into a single general purpose board that could emulate many 

embedded sensor systems. To allow for prototypes to be small and low cost a 62mil PCB edge 

connector was chosen as the hardware connection interface. Using a PCB edge connector keeps 

the sensor costs low and can be added to nearly any development board with no additional cost 

since no physical connector requires soldering. The 10 pin AVX Open Ended Card Edge (BTB) 

was chosen as the default interface to connect two PCBs together. The connection is very robust 

and allows for several insertions and can carry higher currents if needed, and provides polarity 
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tabs to reduce the risk of accidental reversal.  Lastly, the pin density is relatively high so that it 

does not require large amounts of PCB space. 

 

The digital communications interface was the other key decision faced in the architecture design. 

For this task, the Inter-Integrated Circuit (I
2
C) protocol was chosen to be the primary interface 

for communicating with new sensors added to the system. I
2
C is a popular digital interface used 

in embedded systems today and was chosen mainly for the simplicity of its two wire interface 

and multi drop architecture. The protocol is typically used for low power hardware sensors, and 

for most common sensors no interconnect logic is required. Each sensor module has space for 

two BTB edge connectors, meaning one can be used as an input and the other as an output for the 

I
2
C communications bus allowing for multiple sensor modules to be daisy chained together. The 

connection is very robust, and can carry high currents if needed. The other major digital interface 

used in embedded systems design is Serial Peripheral Interface (SPI) communications. For 

sensors that require an SPI connection, the General Purpose Input-Output (GPIO) can be used 

with the sensor to act as an SPI communications bus. 

 

For sensors capable of low power sensing wherein the sensor is triggered before making a 

measurement, it useful to run an interrupt to the main microcontroller. An open pin is reserved 

for this function where the interrupt is modeled as an open collector, so that more than one 

sensor can trigger the microcontroller without resulting in contentions of the one interrupt line. If 

the sensor is in a push-pull configuration for its interrupt an Negative-Field Effect Transistor (N-

FET) can be used to convert the configuration to open-collector input-output (IO). 

 

The architecture proposed here is a balance between low-cost hardware manufacturing with 

flexible communications functionality so that the PUREmodules can achieve their stated goals 

from the previous section. This multi-layer interconnected system allows for daisy chaining 

multiple sensors while communicating over the main axis connectivity busses. With SPI and I
2
C 

communications enabled, PUREmodules offer a low-cost prototyping platform that can 

communicate with the vast majority of embedded sensors commercially available today. 

 

 

HARDWARE RESULTS 

  

An early prototype of the PUREmodule has been designed and fabricated to determine its utility 

to the design process. A computer-aided design (CAD) model of the product can be seen in 

Figure 2. The small form factor and the general-purpose BTB edge connectors can be seen here 
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(a.)                                                                              (b.) 

 

Figure 2. PUREmodule core sensor module (a.) and super sensor board (b.) 

 

 

The device in Fig. 2a is the CoreModule board which houses a Bluetooth capable Nrf52 

microprocessor and an accelerometer. This CoreModule board is responsible for all the 

processing and computation required in any project. The sensor in this configuration in Fig. 2b is 

the PureModules SuperSensor which can fit multiple sensor components that can all 

communication with the CoreModule board directly. This system allows for rapid hardware 

prototyping to determine how multiple will sensors work together in a single integrated system. 

 

Tables 1 and 2 demonstrate how to set the pin-out of the CoreModule boards to enable I
2
C and 

SPI communications respectively. The I
2
C connection simply requires setting pins 5 and 6 to the 

appropriate I
2
C required data lines and preserving the remainder GPIO pins for other tasks. For 

SPI sensors, the GPIO pins 2-5 are reserved for SPI communication lines. To prevent accidental 

plugging into the I2C sensor port, the connector will be reversed. Additionally the recommended 

placement of the SPI port is to be adjacent to the standard I
2
C sensor expansion port. This would 

allow both ports to run to a sensor board if needed. 
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 The common pin-out is as follows 

1 VCC system 2-3.3V range. Typically could be directly tied to a lithium coin cell or two AA’s 

in series 

2 RAW battery 3.3V-15V range. Cound be a li-ion battery, wall wart, solar cells, etc. this raw 

battery is typically regulated down to 3V-3.3V 

3 GND Common ground reference point 

4 SDA  

5 SCK  

6 GPIO  (typically would be the uart TX from the micro-controller) 

7 GPIO  (typically would be the uart RX to the micro-controller) 

 

8 GPIO  

9 GPIO  

10 GPIO  (typically this connects to an interrupt open collector bus to the micro-controller 

 

Table 1. I
2
C Configured Pinout of the PUREmodule 

 

1 VCC system 2-3.3V range. typically could be directly tied to a lithium coin cell or two AA's 

in series 

2 SCLK  

3 GND Common ground reference point 

4 MISO  

5 MOSI  

6 GPIO  Chip Select pin 

7 GPIO  

Chip Select pin 

8 GPIO Chip Select pin 

9 GPIO Chip Select pin 

10 GPIO  Chip Select pin 

Table 2. SPI configured pinout of the PUREmodule 
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A hardware prototype of the design can be seen in Figure 3. Here the CoreModule is attached to 

the Super Sensor board through the BTB edge connector. The sensor board combines 8 different 

sensors into a very small form factor, and preserves communication fidelity and the measurement 

accuracy of each component. 

 

 

 
Figure 3. Hardware Prototype of PUREmodule Sensor System. 

 

 

CONCLUSIONS 

  

The goal of this project was to make a simple, low cost, low power sensor prototyping system, 

which we believe was achieved by PUREmodules. The system supports a variety of firmware 

platforms and offers modularity to keep prototyping cost down, and thus the overall development 

and implementation costs of sensor system products. It also introduces different ways to reduce 

the power of a sensor system. As the market for IoT products grow and price competition drives 

to keep the development costs low, the PUREmodules system offers an efficient and robust 

solution. One of the motivations of this paper is to encourage other parties interested in 

engineering and development of embedded sensor systems to contribute to the PUREModule 

system by contributing designs for various sensors of interest. It is the hope that a community of 

IoT product developers can grow from this effort and a wide variety of sensor will be available 

to quickly test and prototype with for any desired application. Future work is focused on further 

reducing the module shape and size for applications that require minimal sensor size. 
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