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Abstract 
The sensor market is offering new products labelled OEM, acronym for Original Equipment 
Manufacturer. This contribution is focused on the realization of different laboratory tests 
aimed at the comparison of the performance of some of them, when compared with standard 
accelerometers. The main aspect is to find an exploitation of the many options the market 
products offer. A discussion on the system integration needs is also developed. 

 

1 INTRODUCTION 

Structural Health Monitoring (SHM) is a scientific term used in the literature to identify a 
sensing system deployed on a specific structure and the associated data acquisition system 
able to collect the data from sensors. The conventional way to perform it is using a large 
number of sensors, with a centralized wired acquisition system, since their high reliability 
and signal fidelity. 

Due to the high cost and the harsh environment, the need to adopt OEM (Original 
Equipment Manufacturer) and wireless solutions is currently pursued in the literature [1-3].  

Moreover, the convenience of having devices based on Inertial Measurement Unit (IMU) 
combined with an integrated GNSS (Global Navigation Satellite System) receiver if often 
outlined.  

For this reason, may be convenient to replace them with low-cost single-frequency OEM 
GPS receivers, lately used in navigation applications and scientific fields. The cost of each 
one sometimes is just a few hundreds of dollars; in the literature, the suitability of these 
systems is pursued for surveying applications in static and kinematic modes [4-8]. 

In recent years, many wireless sensor platforms [9] intended for structural monitoring 
applications have been developed [10-15], and most of them are tailored for low power 
MEMS (Micro Electro-Mechanical Systems) in order to pursue a long term monitoring.   

The present research activity aims at investigating these two aspects starting from a small-
sized sensor available on the web market. The scientific approach for the storage of the 
needed information in a data collector and its transmission through wireless communication 
devices is shown. An experiment is carried out on a steel sheet under different excitation 
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sources. Finally, the test procedures and the experimental results are discussed. 

2 STATE OF THE ART 

With the proliferation of low cost OEM GPS board sets on the market today, it is difficult 
to judge whether any particular one may be suitable for a required application. Indeed, this 
kind of systems offer some benefit such as cost effective, compact in size, and lower power 
consumption. The main drawback is related to check the parameters setting and the 
compatibility with other devices in order to obtain a proper data acquisition. 

For this reason, it is necessary to compare the collected data with those coming from the 
available prototypes on the market by the manufactures. For instance, in case of vehicle 
navigation systems operating in an urban environment, a few receiver capabilities stand out. 

The speed of a receiver to regain the satellites after a signal blockage is investigated by 
some authors [16]. Indeed, since satellite constellations change, GPS position determination 
can be degraded and intermittent. Continuous position and velocity are important factors for 
vehicle location, and by testing the receivers in different urban scenarios, an assessment of 
the receiver suitability for navigation applications can be made.  

Two different types of GPS receivers, i.e. a geodetic-grade dual frequency and an OEM 
type single-frequency, are studied by other authors in the marine applications [17].  

In this work, a kinematic test was carried out in Turkey, to assess the performance of the 
PPP (Precise Point Positioning) method in a dynamic environment. The PPP is a GNSS 
analysis technique where no observations from a reference station or a reference station 
network as used by the conventional differential algorithms, are required.  

For the case under study can be useful to describe the IG-500 OEM provided by SBG 
System (Figure 1-left). It is a board level option available for the IG-500N (Figure 1-right) 
and shares all characteristics and performances of the box standard with a much 
smaller size and weight. In an incredibly small package 30x27mm and in less than 10g, a full 
featured navigation that delivers consistent performance over a wide temperature range with 
an advanced calibration procedure and a configurable Extended Kalman filter (EKF). 

       
 Figure 1: IG-500 OEM (left) and IG-500N (right).  

The IG-500 series has been recently replaced by a lighter version named Ellipse, i.e., that 
used for the tests reported in this paper. It is more robust and easier to integrate than the 
traditional PCB (Printed Circuit Board) OEM module. The key features of all generation of 
receivers are listed in Table I. 

 



3 
 
 
 

Features IG-500N ELLIPSE-N 
Dimension OEM / box 27x30x14mm / 36x49x22mm 34x34x13mm / 46x45x24mm 
Weight OEM / box 10g / 44g 12g / 47g 
Operating voltage 3.3 V to 30 V 5 - 36 V 
Power consumption 800 mW < 650 mW 
Specified temperature -40 to 85°C, 40 to 185°F -40 to 85 °C, 40 to 185 °F 
Roll / Pitch 0.8° RMS 0.2 ° 
Heading 0.5° RMS < 0.5 ° GPS** 
Velocity < 0.1m/s 0.1m/s 
Position < 2m 2m 

Receiver type 
L1 frequency C/A Code 
50-channels,  
SBAS, 4 Hz 

L1 frequency C/A GPS, 
GLONASS and BEIDOU 
72-channel, SBAS, 10 Hz 

Output rate 100Hz Up to 200Hz 

Serial interface 
RS-232,  
RS-422 
TTL 3.3V or USB 

RS-232,  
RS-422 
USB - up to 921,600bps 

Serial protocols 
Binary proprietary protocol 
NMEA/ASCII 

Binary eCom protocol 
NMEA, ASCII, TSS 

Table I: Comparison of different generation of receivers. 

The Ellipse-N is a small-sized high performance Inertial Navigation System (INS) with 
integrated GNSS receiver. It also includes a MEMS-based IMU integrating three gyroscopes, 
three accelerometers, and three magnetometers [18]. Therefore, can be useful to adopt these 
lightweight sensors for structural monitoring application, making them wireless. 

Although many wireless sensors for SHM have been proposed [19-21], wired monitoring 
systems are still adopted in most practical applications of structural monitoring due to their 
high performance, stability, and reliability. Therefore, to overcome the present state of the 
art, it would be desirable to use the recent wireless communication technology to develop a 
simple but practical wireless update solution, which can achieve a similar performance 
without much more cost and significant changes with respect to the existing analog cables. 

Based on the overall considerations of cost, power consumption, and required 
performance, among the above-mentioned wireless technologies, the ZigBee and the non-
standard RF transceivers are selected as the most suitable for applications in wireless SHM 
systems. An overview of the features and the system architecture of the developed wireless 
communication is offered in the section three. 

3 HARDWARE AND IMPLEMETATION 

The system architecture of the proposed wireless data transmission system is shown in 
Figure 2. It consists of several components including the OEM boards and the wireless 
communication units. The wireless unit is connected to the receiver by a data collector 
(Raspberry Pi), which it is supposed to be powered by a portable battery. This unit performs 
the tasks of powering the sensor, storing the information, and then transmitting the data to the 
remote center with the help of wireless transmission devices (multi-hop ZigBee mesh 
network). In order to implement the frequency-division multiplexing (FDM), each channel 
requires a pair of wireless transceivers operating in the same frequency range. Therefore, a 
transceiver is mounted on the sensing unit (made by an OEM receiver and a data collector) 
and another on the remote center. The sensing unit accomplishes the tasks of acquiring the 
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data from the sensors to a collector (Raspberry Pi) via an USB serial port.  

 
Figure 2: Wireless communication between receivers and remote center. 

The Raspberry Pi is a credit card-sized single-board computer based on the Broadcom 
BCM2835 SoC (System on a Chip). It includes an ARM1176JZF-S 700 MHz processor, a 
VideoCore IV GPU and it is shipped with 512MB of RAM. The system is equipped with a 
Micro SD (Secure Digital) card for boot media and persistent storage. Figure 4-left shows the 
adopted model of Raspberry Pi 2 with a view of its components [22]. 

To operate by consuming as low power as possible, a wireless sensor that requires a 
flexible and highly efficient power management was adopted by the authors. The ZigBee 
standard network represents the best low-cost, low-power, wireless mesh network. 

ZigBee operates in the industrial, scientific and medical (ISM) license-free radio bands. 
Its data transmission rates reaches 250kbits/s in 2.4GHz frequency band. ZigBee networks 
are secured by 128-bit symmetric encryption keys. The transmission distances range from 10 
to 100m line-of-sight, depending on power output and environmental characteristics [23]. 

There are many ZigBee compliant transceivers and protocol stacks offered by different 
companies, which can implement the ZigBee network. The chosen device for the project is 
the GBAN GB-RFTO, based on CC2530 SoC that enables robust network nodes to be built 
with very low total bill-of-material costs (Figure 3-right). 

      
Figure 3: Raspberry Pi 2 (left) and ZigBee device (right). 

The Raspberry Pi is powered at 4.94V and the power consumption is almost 400mA. For 
this reason, it is convenient to use an external battery of 13000 mAh that outputs 5V while 
able to deliver up to 2000mA of current output. In this way, an autonomy of 33 hours is 
ensured by the entire system and it is enough to perform an experimental campaign [24]. 
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4 EXPERIMENTAL TESTS 

Although the OEM board are cheap, small and low energy consuming, it is worth noticing 
that they preserve the same characteristics of the receivers released by the manufactures. For 
this reason, it is useful to check their capabilities on field tests.  

The most recent published information available from the manufacturer is used for the 
sensor setting. The manufacturers continuously upgrade their products; these features 
characterize the period during which the tests were conducted (May 2016). 

Ellipse-N is here used to acquire the accelerations of a thin steel plate, as shown in Figure 
4-left.  The sheet has a thickness of 0.1cm, with 46.8cm length and a width of 19.2cm.  

The tests are carried out outside of the Pavia laboratory to ensure a good satellite signal. 
The goal is to simulate a real case study where the impact of environment conditions, such as 
temperature, moisture and so on, may affect the dynamic performance of the specimen.   

The sensor is provided by the SBG System. It serves a data acquisition software named 
sbgCenter that can be run on the last version of Windows OS (Figure 4-right). The 
experiment is performed under three different excitation sources, as detailed below: 

1/3 L = 15,7cm  
1/5 L = 9,40cm (1) 
1/7 L = 6,71cm  

where L is the length of the steel sheet. The achieved distance for the three point of excitation 
is measured starting from the left edge as shown in Figure 5-left. Moreover, the x-axes 
orientation is along the long side, while the z-axes is directed upwards (Figure 5-right). 

      
Figure 4: System configuration (left) and SBG data acquisition software (right). 

           
Figure 5:  Sensor deployment on the steel sheet (left) and axes orientation (right). 

To check if the developed wireless sensing network platform is compatible with this kind 
of system, field tests are conducted using a steel frame in a reduced-scale. 
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The three-axial accelerometers of the sensor are tested placing it on the top of the 
structure (Figure 4-left). The excitations are applied at different sites with a vertical 
displacement of 1cm. The acceleration responses are post-processed within the Matlab® [25] 
software environment (Figures from 6 to 8). 

 
Figure 6:  Waveforms exciting the sheet at 1/3 of the total length. 

 
Figure 7:  Waveforms exciting the sheet at 1/5 of the total length. 

 
Figure 8:  Waveforms exciting the sheet at 1/7 of the total length. 

After a detailed analysis of the coordinates acquired by the sensor through its own 
antenna, it was concluded that by themselves they do not add more. Indeed, this type of 
receiver has a GNSS position accuracy of 2m, but this issue can be solved adopting another 
model (Ellipse-D). It mounts a dual antenna and, with a RTK (Real Time Kinematic) system 
placed near the structure to be monitored, a precision of 2cm may be reached. 
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5 CONCLUSIONS 

In this paper, an OEM board equipped with three accelerometers and a GNSS antenna is 
the starting point. This type of sensor is connected to a data collector for the local storage of 
the needed information. Adding wireless transmission devices, the data are sent to a remote 
unit making the system able to replace the existing cables for any data acquisition.  

A significant aspect is represented by the accuracy of the GNSS position that could 
provide a complementary kind of information. A detailed section on the hardware 
implementation is provided. Test results are shown and discussed, in order to check the 
sensor capabilities for SHM purposes.  

The developed system ensures a real-time data transmission based on low-cost and high-
compatibility with OEM board sensors. It provides also a great balance among power 
consumption, communication range, data rate, and link quality. 
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