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1Abstract— In this paper, we develop a radio frequency 
identification (RFID)-based wireless multi-sensory infrastructure 
health monitoring (IHM) system that can simultaneously 
measure dynamic acceleration and strain. The system consists of 
a novel multi-sensor integrated semi-passive ultra-high frequency 
(UHF) tag antenna that can be mounted on civil infrastructure 
elements; even made out of metal. The system is capable of 
measuring 3-axis dynamic acceleration and strain with spectral 
bandwidths of 40 Hz and 26.5 Hz, respectively. The natural 
frequency determination of infrastructure by the dynamic 
acceleration and strain measurements of the proposed system is 
accurate to 60 mHz. Benchmarking of the RFID-based wireless 
multi-sensor system is provided by comprehensive comparison of 
the results with measurements from a commercial wireless strain 
measurement system. The proposed system has 30 mHz natural 
frequency determination error when compared with dynamic 
strain measurement from the commercial system. 
 

Index Terms— Acceleration, dynamic measurements, 
infrastructure health monitoring, RFID, strain, structural health 
monitoring 

I. INTRODUCTION 
SSESSMENT   of the prevailing condition of critical 

infrastructure facilities such as bridges and buildings is 
vital since a failure of such facilities would result-in loss of 
human life, property and millions of dollars of investment. 
Monitoring infrastructure using non-structure sensor systems 
in order to predict their health is known as infrastructure 
health monitoring (IHM) [1]. The modern trend is to use 
wireless sensor systems to avoid high installation costs and 
inconveniences inherent to wired sensor systems [2]. 
Acquisition of dynamic acceleration and strain is ubiquitous in 
IHM in order to generate rich information such as natural 
frequencies and mode shapes related to infrastructure under 
assessment.  The natural frequencies of most large-scale civil 
structures are spread within the band of 0 Hz to 10 Hz [3,4].   

Acquisition of dynamic acceleration measurements has 
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been done at numerous previous occasions for IHM of various 
civil structures [5-8]. Acceleration measurements can only 
provide global sense of the infrastructure as they are less 
sensitive in identification of local damage. On the contrary, 
strain directly relates to deformation of infrastructure and 
highly sensitive for local damage [9,10].  The mode curvature 
acquired by dynamic strain measurements, strain frequency 
response and strain energy are used to evaluate fault scenarios 
of structures. The use of dynamic strain measurements to 
derive those features has been performed in [9,11,12].  The 
importance of multiple measurands has been highlighted in 
[14,15] for multimetric sensing-based IHM. In particular, it 
has been specified that combined consideration of dynamic 
responses of both acceleration and strain would provide more 
accuracy and reliability [14,16] in IHM. Often, the strain and 
acceleration are measured by dedicated systems [16-18]. 
However, simultaneous measurement of important 
measurands such as strain and acceleration by a single system 
is advantageous in filtering out infrastructure state 
perturbations related to environmental condition changes [19-
21], and negate the effect of different system quality factors 
(i.e., error, accuracy) for IHM. Also, both global and local 
information related to infrastructure can be acquired using a 
single sensor. In order to cater such requirement, there are 
instances where multiple measurements were performed using 
active sensor nodes which consumes power for wireless data 
transfer [22,23]. 

RFID technology is attractive for low power wireless sensor 
development due to its inherent passive communication. 
Possible low power sensor development with RFID can be 
passive or semi-passive in which former does not contain a 
power source while latter contains, but does not consume its 
power for wireless data transfer [24,25]. Therefore, both of 
these RFID sensor types overcome the major drawback of 
active wireless sensors which is the consumption of power for 
wireless data transfer. Passive RFID sensors have the vital 
advantage of no battery requirement over semi-passive RFID 
sensors. Passive RFID sensors can simply be tag antennas or 
sensor integrated tag antennas. A meander-line dipole tag 
antenna has been investigated as a strain sensor for IHM 
applications by relating backscatter signal power 
measurements to static strain [26]. The resonant frequency 
shift of a folded patch tag antenna has been related to static 
strain in [27]. A dipole tag antenna has been studied to 
monitor the displacement of a metal beam by relating both 
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transmit and backscatter signal power measurements to 
amount of displacement [28]. The crack widening detection 
sensor presented in [29] was consisted of two closely coupled 
dipole tag antennas. The phase change of the backscattered 
signal from the both RFID tag antennas due to increasing 
inter-tag antenna distance is correlated with crack widening. 
To the disadvantage of above sensors, the indirect raw 
measurements of backscatter signal power, reader transmit 
power and the resonant frequency can be highly peculiar in 
real infrastructure environments with multiple concrete and 
metal structural members with different orientations. Sensor 
integrated tag antennas do not have above disadvantages as 
they acquire the direct measurement of required physical 
quantity (i.e., acceleration, strain, etc.). Strain measurements 
related to IHM by RFID tag antenna integrated strain gauges 
were previously reported in [30,31]. A corrosion sensor 
integrated tag antenna to monitor reinforcement of concrete 
structures has been studied in [32]. Concrete maturity and 
status monitoring have been performed by temperature and 
humidity sensor integrated tag antennas in [33] and [34], 
respectively.  However, the capability of continuous 
monitoring for dynamic information acquisition was not 
shown in above investigations. This is mostly due to 
insufficient power available for sensor integrated tag antennas 
in order to carryout continuous measurements as they only use 
harvested receive signal power from reader at their RF 
frontend.  

When considering dynamic measurements, semi-passive 
RFID sensors have advantage over passive RFID sensors since 
the required power for continuous measurement can be drawn 
from the battery. A semi-passive RFID-based strain sensor 
presented in [35] for wireless IHM had the capability of 
measuring dynamic strain. The strain gauge sensor consisted 
of resistance-to-frequency conversion electronics and two 
dipole antennas. One antenna is used for modulated 
backscattering of identification information and for the waking 
up the sensor. The other antenna is used for backscattering of 
the output from resistance to frequency conversion electronics. 
The sensor has also shown a good read range. A commercial 
RFID-based strain measurement system with battery-assisted 
sensors is presented in [36].  

Multiple sensor integration with RFID tag antenna was 
achieved using an augmented sensor module for 
environmental monitoring [37] consisting of acceleration, light 
and temperature sensors. Such multiple sensor integration 
approaches also investigated in [38] for temperature and 
acceleration measurements and in [32] for corrosion and 
acceleration.  However, the possibilities of measuring dynamic 
acceleration were not shown. or the sensors’ mounting 
capability on metal structures.  

Therefore, the availability of RFID-based wireless systems 
which can simultaneously measure dynamic acceleration and 
strain of civil infrastructure is limited. The work presented in 
this paper is predominantly concentrated on filling this gap by 
introducing a multi-sensor integrated semi-passive RFID tag 
antenna-based wireless system to acquire multiple dynamic 
measurands. Developed tag antenna-based sensor can be 

directly mounted on civil structures; even made out of metal. 
Section II of this paper describes the RFID-based wireless 
multi-sensor system in detail; including the hardware and 
firmware designs. The measurement results comprising 
calibration and simultaneous dynamic acceleration and strain 
values are provided in Section III. System benchmarking with 
a commercial wireless strain measurement system is done in 
Section IV while the conclusions are given in Section V. 

II. RFID-BASED WIRELESS MULTI-SENSORY SYSTEM 
The multi-sensory system presented in this paper is capable 

of simultaneously measuring both dynamic acceleration and 
strain. The experimental setup for a cantilever steel beam is 
shown in Fig. 1(a). It has a novel multi-sensor integrated tag 
antenna (MSITA), Impinj Speedway Revolution UHF RFID 
reader, Laird Technologies S9025PR circularly polarized 
reader antenna having maximum gain of 5.5 dBi and a laptop 
computer with a developed data acquisition application 
software. The reader has –80 dBm sensitivity, 31.5-dBm 
maximum transmit power and the capability of handling 
multiple reader antennas. Furthermore, the reader provides 
convenience in developing data acquisition applications with 
Octane software development kit (SDK). The detailed 
description of the hardware setup, data acquisition and 
firmware design details is provided in following sections. 

A. Hardware Design of Multi-Sensor Integrated Semi-
Passive Tag Antenna 

The MSITA is shown in Fig. 1(a) and illustrated in detail in 
Fig. 2. The integrated unit includes the construction material 
mountable RFID tag antenna designed and investigated in [39] 
and a custom designed multi-sensor circuit, which includes a 
3-axis accelerometer and a strain gauge, as shown in Fig. 2. 
The tag antenna is integrated with the multi-sensor circuit via 
the I2C interface. Ultra-low-power, 3-axis MEMS 
accelerometer ADXL362 from ANALOG DEVICES was used 
in the multi-sensor circuit. It has firmware configurable output 
data rates, noise modes, and maximum acceleration levels 
achieved via a 4-wire serial peripheral interface (SPI), and 
also it provides 3-axis acceleration with 12-bit resolution via 
the same SPI. Furthermore, the selected accelerometer has 
configurable interrupts for different states and a first-in-first-
out (FIFO) buffer. Additional hardware required to interface a 
commercial 120-Ω strain gauge from TML in a 3-wire quarter 
bridge configuration was provided in the design and 
fabrication stage. This type of strain gauge is suited to be 
easily attached to both concrete and metal surfaces. In the 
current design, the strain gauge is wired to the circuit taking 
into account the general concept that it is less probable to 
sense both dynamic acceleration and strain at the same 
position of a structure. Therefore, the 3-wire configuration 
was provided as it introduces any resistance related to lead 
wires to both sides of the Wheatstone bridge (onboard; 
consisting 120-Ω precision resistors from VISHAY with low-
temperature coefficient). Therefore, the lead wire resistance 
perturbation influence on quarter bridge voltage (VB) is 
minimum [40]. 
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Fig. 1.  RFID-based wireless multi-sensory system measuring dynamic 
acceleration and strain of cantilever steel beam: (a) laboratory setup and (b) 
schematic diagram. 

 
A Texas Instruments (TI) INA333 instrumentation amplifier 

was used as the differential amplifier and it provides a low-
power, low-noise package with a high common-mode 
rejection ratio (CMRR). Furthermore, it has inbuilt radio 
frequency interference filters for each input which would help 
to filter noise induced by RF interference (in particular when 
the strain gauge is used with lead wires). 

MSITA includes a programmable gain amplifier (PGA) 
which was introduced for two purposes. One is to increase the 
gain of the strain gauge interface in the multi-sensor circuit. 
The preceding differential amplifier has a maximum gain of 
30 dB. With the introduction of the Microchip MCP6S91 
programmable gain amplifier, MSITA can reach maximum 
gain of 45 dB in combination with the differential amplifier. 
The second purpose is to provide the gain changing flexibility 
to the firmware of the multi-sensor circuit without any 
hardware alterations. The differential amplifier gain could 
only be altered by changing the value of the gain resistor [41]. 
The gain alteration can be performed by configuring the PGA 
via the 3-wire SPI. The filter was designed as a single pole, 
unity-gain, low pass filter which has a 50-Hz cut-off 
frequency using a TI low power single supply OPA333 
operational amplifier. 
 
 

 
Fig. 2.  Multi-sensor integrated tag antenna (MSITA). 
 

The 16-bit PIC24F16KA102 ultra-low-power 
microcontroller was used in the multi-sensor circuit for fast 
handling of acceleration and strain data with 12-bit and 16-bit 
resolutions, respectively. It has a built-in 10-bit analog to 
digital converter (ADC) module with 9 channels. One of these 
channels was directly used for digitization of the strain signal. 
Since the strain signals related to large scale infrastructure are 
always expected to be small in magnitude, an extra 16-bit 
ADC channel was also dedicated to acquiring higher 
resolution information via the strain interface of the multi-
sensor circuit. This was accomplished by introducing an 
ANALOG DEVICES AD7680 16-bit low power ADC 
integrated circuit. The extended 3-wire SPI bus was used to 
acquire higher-resolution 16-bit ADC strain data to the 
microcontroller. 

Owing to different stages of amplification, filtering, and 
ADC, the multi-sensor circuit can be used in different 
configurations. Each of these stages was isolated and the 
provision for the selection was provided by jumpers of 
selection switches introduced in the multi-sensor circuit. 
Isolation was primarily done to provide full configuration 
flexibility for the circuit when it is being used with different 
scenarios to measure dynamic acceleration and strain of 
structures. Additionally, it has assisted testing and calibration 
of the circuit prior to taking measurements. The multi-sensor 
circuit is powered by Panasonic CR2450 3-V coin cell having 
650-mAh capacity.  

B. Firmware Design of Multi-Sensor Integrated Semi-Passive 
Tag Antenna 

The firmware of the MSITA was designed with the 
necessary requirements to simultaneously acquire strain and 3-
axis acceleration measurements. Since the MSITA is a semi-
passive, sensor-integrated tag antenna, the wireless 
communication is always initiated by the RFID reader. The 
Impinj Monza –X Dura 8k RFID chip used to design the tag 
antenna has operating states of “Internal Control” and “I2C 
Control” that has precedence over “Idle and RF Receive” state 
in which the reader is permitted to interrogate the tag chip 
[42]. The tag chip is in Internal Control state when data are 
written to its non-volatile (NVM) memory. Therefore, the tag 
chip is inaccessible via the RF air interface during the I2C data 
transfers between itself and the microcontroller.  The 
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maximum number of 16-bit words that can be acquired by the 
reader at a given time was limited to 64, due to the use of 
“Optimized Tag Read” method in the data acquisition 
application based on Octane SDK. Moreover, an adequate 
time window to acquire both the dynamic acceleration and the 
strain measurements according to the data packet shown in 
Fig. 3 via the air interface was created in the firmware. In the 
formulation of the data packet, the reader accesses both “EPC” 
and “USER” memories of the tag chip. The electronic product 
code (EPC) can be configured to have 1 to 8 numbers of 
words (The EPC is currently configured to 2 words). It has 
been used to uniquely identify the MSITA in the data 
acquisition application which creates a text file that includes 
data from the USER memory. TW is the tracking word which 
was used to filter out multiple acquisitions that take place 
within the provided time window. TW has been toggled 
between two known values by the firmware for every I2C 
transaction between the microcontroller and the tag chip. 

In the process of creating the time window for the reader, 
the accelerometer was configured to operate in the 
measurement mode, and a series of 45 acceleration data 
samples were allowed to accumulate at 80 Hz output data rate 
(ODR) inside the FIFO buffer of the accelerometer. 
Consequently, upon the “Watermark” interrupt generated by 
the accelerometer, the RF ports of the tag chip were blocked 
(end of time (EOT) window) and the acceleration samples 
were transferred to the microcontroller. The strain samples 
were acquired with a 53-Hz sampling rate while both sample 
types were transferred to the USER memory of the tag chip. 
Finally, the RF ports were unblocked (start of time (SOT) 
window) to make the tag chip memory available to the reader 
for read operations via the air interface.  

The firmware level power saving features of the MSITA 
were enabled by letting it run at a clock rate of 2 MHz and 
implementing the Deep Sleep mode of the microcontroller. 
The instruction cycle clock was used to derive the 2-MHz SPI 
clock, the 400-kHz I2C clock and the 41-kHz pulse width 
modulation (PWM – 50% duty cycle) signal as the external 
clock for the accelerometer. The Deep Sleep mode of the 
PIC24F16KA102 microcontroller was implemented using 
“Write Wake Up” feature of the tag chip as the wake-up 
source. Therefore, the MSITA can be wirelessly woken up by 
the RFID reader.  After waking up from the Deep Sleep mode, 
the MSITA goes into the measurement mode for both 
acceleration and strain for a pre-set time within which the 
reader acquires the measurements. The MSITA goes back to 
Deep Sleep at the end of the pre-set time for measurements. 
The firmware configuration parameters and set values for the 
MSITA is given in Table I.    

III. MEASUREMENT RESULTS 
As shown in Fig. 1(a), the RFID-based wireless multi-

sensor system was used to measure dynamic acceleration and 
strain of a cantilever steel beam. The cantilever portion of the 
beam has a length (l) of 0.700 m, width (b) of 0.065 m and 
height (h) of 0.005 m. The MSITA was mounted on the beam 
as depicted in the expanded view of Fig. 1(a). The strain gauge 

is installed following a standard attachment method for metal 
surfaces at a distance (x) of 0.025 m from O. Fig. 1(b) 
provides the schematic diagram of the cantilever beam 
measurement setup. The loading of the beam was done at the 
free end of the beam with hanging weights as shown in the 
expanded view of Fig. 1(a). The RFID reader has been set to 
Max Throughput mode from the data acquisition application 
written in Octane SDK. In this reader mode, the read rate 
depends upon the sensitivity, interference and environment. 
The calibration and strain measurement process is described 
next. 

 

 
Fig. 3.  Data packet containing 3-axes acceleration and strain (EPC-Electronic 
Product Code and TW-tracking word). 
 

TABLE I 
CONFIGURATION OF COMPONENTS IN FIRMWARE 

Component Configuration 

Parameters Set Values 
Accelerometer Acceleration level   

Clock 
ODR selected  
ODR actual  
Noise Mode  
Interface  
Anti-aliasing filter  
Interrupt  

±2 g 
External (41 kHz) 
100 Hz 
80 Hz 
Ultra-low noise 
4-wire SPI (Slave) 
ODR/2 
Watermark configured at 45 
acceleration samples 

RFID Tag 
Antenna 

RF ports  
 
Interface  

1 blocked, 2 in use (blocked 
when necessary) 
I2C (slave) 

Microcontroller Interfaces  
 
Oscillator  
 
10-b ADC  

I2C (master) 400 kbps, SPI 
(master) 2 MHz 
Primary (4-MHz crystal 
oscillator) 
AN1[41] 

Differential 
Amplifier 

Gain resistance 
Reference voltage  

200 Ω (Gain = 500) 
1.25 V 

PGA Gain  
 
 
Interface  

1 (i.e., adequate gain has 
been achieved through 
Differential Amplifier) 
3-wire SPI (slave) 

Filter Type  
Gain  
Cut-off frequency  

Single pole low pass 
1 (unity) 
50 Hz 

16-b ADC Interface  3-wire SPI (slave) 

RFID Tag Chip 

EPC Acceleration (X, Y, Z) Strain TW 

45 words (15 sets of 3- axis acceleration) 

1 word = 2 don’t care bits, 2 sign bits and 12 bits of acceleration 

10 words (1 word = 16 
bits of Strain) 

EPC Reserved TID          USER 

 Memory blocks 

RFID Tag 
Antenna 
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A. Static Strain Measurements and Calibration of Strain 
Interface  

In this experiment, the strain measurement of the position 
shown in Fig. 1(b) was acquired by discretely increasing the 
load in similar amounts (~10 N). In addition to the MSITA, a 
commercial wireless strain sensor system (CWLSS) and a 
standard wired digital strain meter (DSM) listed in Table II 
were used to carry out the same measurement. These systems 
were used with the same type of strain gauge as with the 
MSITA. Fig. 4 depicts the measurement results along with the 
theoretically calculated strain given by  

 
 

 (1) 

 
bending moment formula related to Fig. 1(b) where ϵ is the 
strain, P is the load (N) and E is the Young’s modulus (Nm-2). 
The default offset of each system was removed from the 
measurement results. The root mean square error (RMSE) 
values were calculated using linear regression for the 
measurement results from each system. According to Fig. 4, 
the DSM has the results much close to the theoretical values. 
The results of MSITA are close to that of DSM. The CWLSS 
has the highest linearity (comparing RMSE) in the tested 
loading range mostly. The measurement results from the 
MSITA are non-linear as the relationship between quarter 
bridge voltage (VB in V) and ϵ as given by 
 
 , (2) 

 
where  is the gauge factor and  is the quarter bridge input 
voltage (V). The linearity of the results is close to that of the 
DSM in the strain range. Since the DSM strain values are 
almost equal to the theoretical strain values, it was chosen as 
the benchmark to calibrate both the MSITA and the CWLSS 
systems. In the process of calibrating MSITA and CWLSS, K 
values of 2.03 and 1.82 which have been found by static strain 
measurements were used, respectively. 

B. Simultaneous Measurement of Tri-Axis Dynamic 
Acceleration and Strain by MSITA  

Simultaneous measurement of the tri-axis dynamic 
acceleration and strain were conducted upon the same 
cantilever beam shown in Fig. 1(a). An initially stable hanging 
load of 10.10 N was suddenly released to induce the free 
vibration of the beam. Fig. 5 depicts the time history of the 
dynamic acceleration measurement results along Z-axis and 
the related dynamic strain measurement. The Z- axis has the 
highest acceleration as the force to induce vibration was 
exerted in the same direction. Both X and Y axes also showed 
small amounts of acceleration. Figs. 6(a) and 6(b) provide the 
single-sided amplitude spectra calculated from the tri- axis 
dynamic acceleration measurement and the strain 
measurement, respectively. 

 
 
 

TABLE II 
SYSTEMS USED IN THE CALIBRATION 

System Components 

CWLSS 

LORD MicroStrain SG-Link _LXRS wireless analog 
2-channel sensor node  
LORD MicroStrain WSDA –Base-104 –LXRS base 
station  

DSM TC-31K Digital Strain Meter from TML 

 

 
Fig. 4.  Static strain measurement results (RMSE-root mean square error). 

 
Fig. 5.  Time history of simultaneous measurement of dynamic acceleration 
and strain: (a) Z-axis acceleration and (d) strain. 
 
 According to Fig. 6, the prominent peaks have occurred at 
7.17 Hz and 7.14 Hz in the amplitude spectra of dynamic 
acceleration and strain measurements, respectively. This value 
is close to the calculated 1st natural frequency of 8.35 Hz for 
the cantilever beam by [43]: 
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Fig. 6.  Single-sided amplitude spectra of simultaneous: (a) 3-axis dynamic 
acceleration measurement and (b) dynamic strain measurement.   
  

 

 

(3) 

where, fn is the frequency of nth mode (Hz), κ ≈ (2n –1) π / 2l 
(m-1), I is the moment of inertia (m4), ρ is the density (kgm-3), 
and A is the cross section area (m2) of the beam. The 
parameters of structural steel A36 were used for the natural 
frequency calculation. The existing discrepancy between the 
theoretical and measured values might be due to an error in the 
assumption of the cantilever beam and the fix end is not rigid. 
In the experiment, all tri-axis accelerations are carrying the 
frequency information as shown in Fig. 6(a). There is 
measurement noise in the amplitude spectrum of the strain 
measurement as shown in Fig. 6(b).  

IV. COMPARISON WITH COMMERCIAL WIRELESS STRAIN 
MEASUREMENT SYSTEM 

Simultaneous measurements were acquired with both the 
MSITA and the CWLSS systems upon cantilever beam mainly 
to determine the frequency detection accuracy of the MSITA 
strain measurement results (the acceleration measurements 
were previously benchmarked with a commercial system in 
[44]). The strain gauge for CWLSS was attached to the bottom 
surface at a distance of 0.025 m from O (according to Eq. (1) 
this should provide the same strain value similar to the gauge 
attached to the top surface). The sampling rate of CWLSS was 
set to 64 Hz, which was the nearest setting for the sampling 
rate of ~53 Hz achieved in the MSITA strain interface. Fig. 7 
depicts the time history and the amplitude spectra of an 

example simultaneous strain measurement result acquired. The 
dynamic strain from MSITA is almost equal to the signal 
acquired from the commercial system. The noise level in 
MSITA is much higher than that of CWLSS. The ADC 
resolution of the strain interface of MSITA (16 bits) is higher 
than that of CWLSS (12 bits).  Therefore, MSITA tends to 
pick-up noise than the CWLSS system.  
 
 

 
Fig. 7.  Time history of simultaneous strain measurement from: (a) MSITA, 
(b) CWLSS and (c) single-side amplitude spectra 
 

TABLE III 
MAXIMUM VARIATION RANGE OF THE DETERMINED NATURAL FREQUENCY 

 
Frequency 
Determination 

MSITA CWLSS Acceleration Strain 
Mode (Hz) 7.17 7.11 7.14 
Difference (mHz)  -60/-30  
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Fig. 8. Amplitude comparison of determined natural frequency between 
MSITA and CWLSS. 
 

The identified natural frequencies from 20 strain 
measurements from those two systems were compared. In the 
case of MSITA, the Z-axis acceleration results were 
considered as it provided the opportunity to compare the 
natural frequency determination between simultaneously 
measured acceleration and strain. The measurement results of 
both systems were denoised using wavelet denoising primarily 
to achieve prominent peak smoothing of the amplitude spectra 
of the MSITA in order to overcome peak ambiguity generated 
by higher noise level. The denoising of the measurement 
results from CWLSS was done only to achieve a fair 
comparison between the two systems.  

The mode of the determined natural frequency values of the 
denoised measurement was considered as it provides the 
ability of the systems to repeat the information, and those 
modes and difference values are given in Table III. The 
natural frequency determined by strain measurement of 
MSITA is 60 mHz less than that by the acceleration 
measurement. However, when considering the repeatability of 
natural frequency determination, this value can be stated as 
MSITA system quality for the current configuration given in 
Table I.  The natural frequency determination from the strain 
measurement of MSITA has a ˗30 mHz error when 
benchmarked with the CWLSS system. These measurements 
had a frequency resolution 16 mHz. 

Fig. 8 provides the comparison of amplitude of the 
determined natural frequency in the spectra from simultaneous 
strain measurement results of the cantilever beam by MSITA 
and CWLSS. The amplitudes of single-sided amplitude 
spectra of strain measurement results by MSITA for each trial 
have good agreement with those from CWLSS. According to 
Fig. 8, the strain sensitivity of the RFID-based wireless system 
is 97.6 % of that of CWLSS system considering average 
amplitude values of all trials. This can also be visualized in 
Fig. 7 in which both systems show almost the same dynamic 
strain signal amplitude. Less sensitivity of MSITA shown in 
the amplitude comparison is predominantly due to the ambient 
noise present which tends to suppress the peak amplitude.  

V. CONCLUSION 
In this paper, a wireless multi-sensor system to measure 

dynamic acceleration and strain of infrastructure was 
developed with a custom designed multi-sensor integrated 
semi-passive tag antenna which could even be mounted on 
civil structures made out of metal. Design considerations for 
dynamic measurements under constraints imposed by the 
operational states of the RFID tag chip and the data 
acquisition capabilities of the RFID reader were discussed. 
The sensor system could measure simultaneous dynamic 3-
axis acceleration and strain of infrastructure to achieve 40-Hz 
and 26.5-Hz spectral bandwidth, respectively. The 
measurements were conducted using a cantilever steel beam, 
and the results carry the natural frequency information of the 
beam. The measurement results were further supported by 
comparing the developed system’s ability to determine the 
natural frequency of the cantilever beam and that of a 
commercial wireless strain measurement system. The 
difference between the natural frequency determination from 
dynamic acceleration and strain was 60 mHz for the developed 
system. There was a minimal error of 30 mHz in natural 
frequency representation by the developed system when 
benchmarked against a commercial wireless strain 
measurement system. Therefore, the proposed RFID-based 
wireless multi-sensory system has the potential to be used for 
multiple measurand-based infrastructure health monitoring.     
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