
 

 

  
Abstract—Sensors have been used in various kinds of academic 

fields and applications. In this article, we propose the idea of 
modularized sensors that combine multiple sensor modules into a 
unique sensor. We divide a sensor into several units according to 
functionalities. Each unit has different sensor modules, which share 
the same type of connectors and can be serially and arbitrarily 
connected each other. A user can combine different sensor modules 
into a sensor platform according to requirements. Compared with 
current modularized sensors, the proposed sensor platform is highly 
flexible and reusable. We have implemented the prototype of the 
proposed sensor platform, and the experimental results show the 
proposed platform can work correctly. 
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I. INTRODUCTION 
UE to the continuous advancement of IC technology, 
sensors have become much cheaper and smaller. 

Nowadays, numerous consumer electronics devices use sensors 
to recognize environments and make decision. For robustness, 
most of these devices use more than one sensor. For example, 
an IMU (inertial measurement unit) usually contains gyroscope, 
accelerometer, and magnetometer inside. In addition, 
multi-sensor systems are also widely used in many academic 
topics, especially for sensor fusion [1]. Thus the development 
of sensor systems, especially multi-sensor systems, has become 
an important issue. 

In the commercial market, a sensor module usually can sense 
only one feature [2]. For example, Fig. 1 (a) shows 10 sensor 
modules, each of which can recognize one feature in 
environments. To develop a new sensor for sensor fusion, a 
user has to combine various modules together. Alternatively, he 
can also use different sensors to sense multiple features, but this 
will increase the cost or lose accuracy. Because these self-made 
sensors are designed for specific purposes, they have little 
extendibility and reusability. 

There are also products that divide a sensor node into 
wireless module and sensor boards, such as MicaZ [3] (Fig. 1 
(b)). For different applications, users can stack different sensor 
boards on the wireless module, so the reusability is further 
increased. However, the architecture usually allows only one 
sensor board connecting with the wireless module. Although 
some sensor boards have multiple sensor modules, the 
flexibility is still confined. 

Normally, a sensor node is made up of four basic 
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components, sensing unit, transceiver unit, processing unit, and 
power unit [4]. To develop a sensor node, these units are 
necessary. Our purpose is to provide a modularized sensor 
platform composed by sensor modules. Users can arbitrarily 
combine different modules with few constraints, such that he 
can create a unique sensor according to requirements. To 
achieve this objective, we follow the principle in [4], and 
include two new units, output unit and debug unit. Each unit 
has multiple sensor modules, which share the same type of 
connectors. The most significant feature is that most modules 
can be combined together concurrently. To build a sensor 
platform, a user can select required sensor modules and stack 
them one by one, just like building blocks. This feature makes 
the proposed platform highly flexible and reusable. Besides, it 
is suitable for sensor fusion applications which usually need to 
sense multiple features of an object. 

Rest of this article is organized as follows. Section II 
describes the architecture of the proposed modularized sensor 
platform. Then we show the hardware implementation and 
demonstration in Section III. Finally, some future works are 
addressed in Section IV. 

II. MODULARIZED SENSOR PLATFORM 

A. Sensing Units 
For the purposes of extensibility and reusability, we divide 

the sensor system into six units, output, sensing, transceiver, 
processing, power, and debug. 
1) Output unit shows computational results and reminds users 

by visual or sound signal or vibration. When output unit is 
used, the sensor can work independently without sending 
computational results to the server. In this situation, 
transceiver unit is not necessary. 

2) Sensing unit is the main component of the sensor platform 
to recognize surrounding environments, such as 
accelerometer, compass, and thermometer. 

 

 
(a)           (b) 

Fig. 1 (a) Ten different sensor modules; (b) MicaZ wireless module 
and a sensor board 
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Fig. 2 Architecture of the proposed sensor platform 

 
3) Transceiver unit is used for communication. It can receive 

commands, transmit results, and relay messages. For short 
range applications, ZigBee or Bluetooth could be used. As 
for long range applications, GSM could be used. 

4) Processing unit is in charge of executing hardware or 
software commands. In sensor fusion, processing unit has 
to integrate several sensing data and make decisions 
according to analysis results. A processing unit can be a 
MPU, a FPGA, or a controller. 

5) Power unit provides power to all other units. A power unit 
can be, for example, Li-lon battery, button cell battery, or 
car charger. 

6) Debug unit provides debug functions. When a sensor 
module is stacked on the debug unit, the designer can 
check signals of each pin and download codes from PC. 

Some current sensor platforms such as MicaZ also divide a 
sensor node into several units, but they combine transceiver 
unit, processing unit, and power unit into one mixed unit, and 
thus the flexibility is reduced.  

 

 
(a)          (b) 

Fig. 3 (a) The sensor board and connectors of the proposed sensor 
platform; (b) an example of the proposed sensor platform composed by 

different sensor units 
 

The architecture of the proposed sensor platform is shown in 
Fig. 2. The power unit supplies power to all units through a 
power line. The signals of sensing unit and transceiver unit are 
treated as peripheral signals, so they are connected with 
processing unit via SPI, I2C, or UART buses. Note that the 
power line and all buses are integrated to a universal connecter 
that connects all units together. Besides the peripheral signals, 

remaining signals of the processing unit are sent to the debug 
unit. 

 

 
(a)          (b) 

Fig. 4 Two examples of combinations of different modules (a) fire 
alarm; (b) AHRS 

B. Sensor Modules 
Each unit of the proposed sensor platform has multiple 

modules. For example, transceiver unit may have Bluetooth 
module and Wi-Fi module, sensing unit may have compass 
module and thermometer module, and power unit may have 
Li-Ion battery module and button cell battery module. 

By using ordinary modularized sensors [3], [5], users can 
also select different sensor modules, but each time only one 
sensor modular board can be combined with the wireless 
module. In the proposed sensor platform, every module is 
implemented on an equal-size sensor board which has 
connectors on both front side and back side, such that different 
boards can be stacked each other, as illustrated in Fig. 3 (a). 
Here two connectors are used in order to increase the stability 
of the architecture. Fig. 3 (b) shows the combination of an 
output unit, a transceiver unit, a sensing unit, a processing unit, 
and a power unit. Thanks to the universal connector, different 
modules can be combined concurrently. 

 

 
Fig. 5 Brief layout of a sensor module 

C. Examples 
The proposed sensor platform allows multiple modules being 

combined together. Thus the flexibility can be improved. In Fig. 
4, we use two examples to show how they are stacked. 
1) Fig. 4 (a) is a fire alarm. Two sensing modules are used in 

this sensor platform. Normally, either a smoke sensor or a 
thermometer can be used to detect fire, but there is limited 
accuracy. To reduce the probability of false alarm, the 
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this sensor, the 3-axis accelerometer module is used to detect 
vibration and acceleration. The MCU module has to determine 
the sensed signals belong to noise, acceleration, or vibration. 
Besides, the sensed signals are transmitted to tablet PC, so that 
the user can monitor the situation. An alarm will be triggered if 
there is serious vibration. Fig. 8 shows the combined sensor 
modules and sensed signals on the software user interface, 
respectively. The signals are generated by knocking the table. 
The user interface is also modularized as functions in the 
library, so that users can use function call to create their own 
user interface. 

 

 
Fig. 8 User interface on the tablet PC 

IV. CONCLUSION 
In this article, we propose a novel architecture of 

modularized sensor platform. The most significant features of 
the proposed architectures are high flexibility and reusability. 
By stacking different modules together, users can create their 
own sensors. Our prototype demonstrates that the proposed 
architecture can work correctly. In the future, we focus on 
developing more modules and reducing sensor size. Besides, 
we also need to develop reference codes and software modules, 
such that users can easily control their sensors. 
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