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1. Introduction 

 
Composite materials are frequently used in modern 

aircraft structures, particularly in small aircrafts, such as 
unmanned aerial vehicles (UAVs) and drones. The 
advantages of a composite aircraft structure are its low 
weight, high strength, and high stiffness (Staszewki et al. 
2009 and Herszberg et al. 2007). Additionally, owing to the 
development of manufacturing technology and the process 
of creating composite structures, complex aerodynamic 
shapes that were impossible to achieve with conventional 
alloy steel structures are now possible with composite 
materials. The properties of these materials have led to a 
significant increase in the usage of glass fiber-reinforced 
polymer (GFRP) composite structures in UAVs and drones. 
However, composite structures have a high risk of structural 
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failure when exposed to sudden impacts or loading, which 
can cause defects, such as cracks or delamination, and 
catastrophic accidents (Botelho et al. 2006 and Hassan et al. 
2017). Therefore, structural health monitoring (SHM) of 
these composite structures is needed to monitor the integrity 
of the aircraft and prevent structural failure. 

For SHM during the flight of an aircraft, various sensors 
are used to obtain the desired measurements. The most 
common and widely used sensor for strain measurement is 
the strain gauge. Strain gauges are cost effective and come 
in various types and sizes for different types of 
measurements and situations. But the installation of strain 
gauges is laborious and has a high dependency on the 
process of attachment which may result in inconsistence in 
the sensor’s performance. Fiber Bragg grating (FBG) 
sensors have been used as an alternative for strain gauges 
for SHM. FBG sensors measure strain by demodulating the 
wavelength shift. FBG sensors are nonconductive and are 
immune to electromagnetic interference, which can be 
highly effective for reducing noise level or interference in 
sensor measurements. However, owing to the fact that they 
measure wavelengths, the measurement setup is complex, 
expensive, and inappropriate for on-board measurement in 
aircrafts during flight (Molent and Aktepe 2000). 

Carbon nanotube (CNT) fiber sensors have been 
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Abstract.  Structural health monitoring (SHM) is essential for composite unmanned aerial vehicles (UAVs). Additionally, 
because UAVs are extremely sensitive to weight and volume, the minimal addition of weight and volume by the SHM system is 
crucial. Therefore, we proposed a compact and lightweight wireless SHM sensor node and an embedded carbon nanotube 
(CNT) fiber sensor for in-flight SHM of UAVs. The wireless SHM sensor node was composed of an analog sensing circuit, 
wireless microcontroller unit, and analog low pass filter. The small diameter CNT fiber sensor was developed to be easily 
embedded inside composite structures and to enhance their structural properties while performing as an SHM sensor. Glass 
composite skin with embedded CNT fiber sensors composed of ultra-high-molecular-weight polyethylene, polyurethane, CNT, 
and carbon black were installed in the aircraft. For comparison, a strain gauge attached at the center of a long CNT fiber sensor 
was also used during in-flight measurement. In-flight strain measurements from both the CNT fiber sensor and the strain gauge 
were continuously transmitted to the ground station and were compared with the flight data. Furthermore, an impact tester was 
installed inside the wing to simulate impact during flight, and in-flight impact measurements by the CNT fiber sensor were 
demonstrated. 
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investigated owing to their unique mechanical and electrical 
properties. When embedded in composite materials, CNT 
fiber sensors can increase the tensile strength owing to their 
excellent mechanical properties (Zhu et al. 2017). 
Additionally, CNT fiber sensors have a smaller diameter in 
comparison with FBG sensors, which is essential when 
embedding the sensor within the composite layers (Takeda 
et al. 2005). Furthermore, in comparison with attachment 
sensors, embedded sensors can reduce the overall weight 
and volume of the system and ensure consistent operating 
certainty. 

SHM sensor nodes measure and digitize the analog 
signal from the sensors and store or transfer the data to the 
database server. Previous research has tested SHM during 
flight by attaching sensors to the aircraft. Tang et al. (2010) 
developed a monitoring system for the landing gear of the 
aircraft by attaching strain gauges. Strain measurements 
during take-off and landing were acquired. Kim et al. 
(2015) implemented a health and usage monitoring system 
(HUMS) using FBG sensors and evaluated in-flight strain 
monitoring of an aircraft. Kwon et al. (2019) installed FBG 
sensors in the main wing of an aircraft to obtain wing 
loading measurements. Small aircrafts, such as UAVs, have 
also been outfitted with SHM systems to monitor in-flight 
measurements. Kressel et al. (2012) investigated an SHM 
system capable of real-time data processing and load 
tracking. FBG sensors were installed in the UAV tail boom 
and FBG measurements during flight and landing were 
acquired. All the above studies have used wired SHM 
systems with internal storage devices storing the SHM data 
during flight, and require the manual transfer of data after 
the flight. In contrast, Alvarez-Montoya et al. (2019) 
conducted wireless SHM using 20 FBG sensors installed 
inside the main wing of a UAV. A wireless local area 
network (WLAN) with a 15 dBi antenna for the ground 
station and a 5 dBi antenna for the UAV was used for the 
wireless protocol. However, usage of the FBG sensors with 
a circulator, beam splitter, and optical interrogator increased 
the overall payload weight and volume. Additionally, usage 
of the WLAN wireless protocol limited the wireless 

 
 

transmission range and power usage of the aircraft, which 
can be restricted for adapting to UAVs with a larger 
operation radius. 

In this study, a compact and lightweight wireless SHM 
sensor node was developed for UAVs. The wireless SHM 
sensor node could interrogate CNT fiber sensors with high 
resistances embedded inside the aircraft using a long-range 
wireless protocol capable of transmissions up to a few 
kilometers. The wireless SHM sensor node used 868 MHz 
frequency band with Texas Instrument’s long range wireless 
protocol (Sub 1 GHz proprietary RF protocol). The integrity 
of wirelessly transmitted data was ensured by pretests on 
ground before flight test. Samples were acquired in real 
time during the flight with a continuous 100 Hz sampling 
frequency for strain measurements and a 100 kHz sampling 
frequency for impact measurements. Strain measurements 
were obtained from harsh pitch maneuvers of the aircraft 
and impact signals which was excited by an on-board 
impactor were successfully acquired during the flight. 

 
 

2. Wireless SHM sensor node 
 
2.1 Usability of wireless SHM sensor node 
 
UAVs and drones have more restricted and smaller 

operational radii compared to conventional aircrafts. This 
can be due to a lack of fuel, battery size, restricted 
communication range for controlling the vehicle, or 
particular objectives, such as surveillance or small cargo 
transportation. This smaller operational radius can be an 
advantage in the implementation of a wireless SHM system, 
which can enhance the safety of the aircraft itself and the 
environment within the operational radius. However, 
conventional SHM systems consist of a large data 
acquisition system and a data storage system (Zhou et al. 
2010). Not only do these kinds of SHM systems decrease 
the payload capacity of the operational range of the UAVs, 
but they also fail to ensure the structural integrity of the 
UAVs in real time. Therefore, while maintaining a compact 

 
 

 
Fig. 1 Schematic of wireless SHM sensor node being used for UAVs and drones 
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and lightweight system without harming the performance of 
the UAV, the wireless SHM sensor node must be capable of 
consistent real-time monitoring of the structure of the 
aircraft. Moreover, for a compact and lightweight SHM 
system, the SHM sensor node and the SHM sensors are 
important factors for implementation on small UAVs. In 
addition, conventional SHM sensors were attached to the 
structures, meaning that multiple sensors with connecting 
wires could increase the overall SHM system weight and 
volume which could decrease the capability of the UAVs. 
Attachment sensors can also be highly dependent on the 
attachment process, and the future maintenance process for 
checking the integrity of the attachment increases the 
overall maintenance cost and time. Therefore, in this study, 
composite skin embedded with CNT fiber sensors were 
used to minimize the additional weight and volume of the 
SHM system and increase the mechanical properties of the 
composite structures. 

 
2.2 W reless SHM sensor node measurement 

and transm ss on 
 
The wireless SHM sensor node developed for this study 

consisted of an analog sensing circuit, analog low pass 
filter, and wireless MCU, as shown in Fig. 2. The variable 
quarter-bridge circuit inside the analog sensing circuit 
consisted of three identical fixed resistors as reference 
resistance. Since the MCU’s analog to digital converter 
(ADC) was only capable of measuring positive voltage, a 
potentiometer (variable resistance) was used to match the 
small difference between the reference resistance and the 
resistance of the CNT fiber sensor. The need for a 
potentiometer was inevitable because even the most 
accurate of fixed resistors on the market had a 0.1% error, 
resulting in an output voltage outside of the measurement 
range of the MCU. Therefore, the resistance value of the 
potentiometer was 1% of the value of the reference 
resistance and a serial connection of the potentiometer with 
a smaller value was used to balance the bridge and allow an 
offset voltage of the output for measurement with the MCU 
ADC. 

The embedded CNT fiber sensor exhibited a 
significantly high resistance in comparison with the 
conventional resistance sensors. The analog sensing circuit 
for measuring the CNT fiber sensor consisted of Texas 

 
 

Instrument’s INA333 instrumentation amplifier. The large 
common-mode rejection ratio (CMRR) and the very high 
input impedance from two buffer amplifiers of zero-drift 
OPA333 operational amplifier inside the instrumentation 
amplifier enabled precise measurements of the CNT fiber 
sensor with high resistance. Additionally, the use of an 
electromagnetic interference (EMI)-hardened instrumentation 
amplifier was crucial due to the high wireless transmission 
power and low current of the input signal from the CNT 
fiber sensor’s high resistance. Without EMI resistance, the 
wireless t ransmission itself  interferes with the 
electromagnetic field around the sensor, which according to 
Faraday’s law, interferes with the current going through the 
CNT fiber sensor and influences the output voltage. For the 
low resistance sensor, this factor is negligible since the 
current passing through the sensor is large compared to the 
change of current induced from the electromagnetic change 
from the wireless transmission. For instance, with a 3.3 V 
excitation voltage, a 100 Ω sensor will have 33 mA of 
current passing though the sensor. In the case of the CNT 
fiber sensor, the resistance value is in the range of hundreds 
of kiloohms. Therefore, if the CNT fiber sensor has 100 kΩ 
of resistance with a 3.3 V excitation voltage, the current 
passing through the sensor will be 33 nA. Furthermore, 
because the input signal for the instrumentation was 
extremely sensitive to the noise level, an ultra-low-noise 
low dropout linear regulator power supply was selected to 
supply constant low noise 3.3 V for the whole SHM sensor 
node by a single cell of a lithium-ion battery (3.7 V). The 
average power consumption of single wireless SHM sensor 
node was 74 mW when using 3.7 V single cell lithium ion 
battery. A 3000 mAh 18650 lithium ion battery was capable 
of operating the wireless SHM sensor node up to 150 hours, 
which was more than enough for multiple flight tests. The 
average power consumption of single wireless SHM sensor 
node was 74 mW when using 3.7 V single cell lithium ion 
battery. A 3000 mAh 18650 lithium ion battery was capable 
of operating the wireless SHM sensor node up to 150 hours, 
which was more than enough for multiple flight tests. 
Therefore, careful selection and design of the printed circuit 
board (PCB) layout of the analog circuit for minimizing the 
interference and noise level was undertaken to measure the 
CNT fiber sensor’s input signal. The input signal 
(differential signal from the quarter-bridge circuit) was 
amplified by the maximum gain factor 1000 to match the 
 
 

 
Fig. 2 Wireless SHM sensor node
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input voltage range of the MCU and was calibrated to 
measure up to 1000 με for CNT fiber sensor measurements 
with a resolution of 0.5 με using Eq. (1). 

 𝑆𝑡𝑟𝑎𝑖𝑛 (𝜀)= −4 ቀ௏ೀೆ೅(ೞ೟ೝೌ೔೙೐೏)ି௏ೀೆ೅(ೠ೙ೞ೟ೝೌ೔೙೐೏)௏ಶ೉ ቁ𝐺𝐹 ቄ1 + 2 ቀ௏ೀೆ೅(ೞ೟ೝೌ೔೙೐೏)ି௏ೀೆ೅(ೠ೙ೞ೟ೝೌ೔೙೐೏)௏ಶ೉ ቁቅ (1)

 
To enable continuous measurement of the analog signal, 

a double buffering method was used and direct memory 
access (DMA) transfer of the measured data was performed. 
Fig. 3 shows the double buffering method with DMA, 
where 50 data points were assigned to a unit buffer that 
alternated from storing the 50 measured data points to 
transmitting wirelessly to the receiver in the ground station. 
Therefore, when the first unit buffer finished measuring and 
storing 50 data points, the second unit buffer started to 
measure and store data points, and the first unit buffer 
transferred its data to the wireless transmitter. This 
transmission was completed before the second unit buffer 
completed its measurement. 

The use of these two methods was inevitable since 
commercial MCUs have limited random access memory 
(RAM) sizes and low MCU processing power. Due to 
conventional usage and low cost of the MCU, the RAM size 
of the MCU is restricted to a few hundred kilobytes. The 
small size of the RAM restricted the total number of 
measurement points to a few thousand. In order to increase 
the length of the measurement, addition of more RAM was 
possible. However, this method increases the size and 
power consumption of the sensor node which was not 
optimal for this application. Also, low MCU processing 
power decreased the maximum sampling frequency when 
the MCU was involved in data transfer from ADC to RAM. 
The maximum clock speed of the MCU used in the wireless 
SHM sensor node was only 48 MHz. Without DMA, the 
maximum sampling frequency for 2000 points were 2 kHz. 
Exceeding 2 kHz sampling frequency resulted discontinuity 
between every unit buffer (50 data points). On the other 
hand, DMA enables direct transfer from ADC to RAM 
which does not involve the MCU processing, which enabled 

 
 

maximum sampling frequency for 2000 points up to 100 
kHz. Therefore, using the double buffering method and 
DMA, the measured data points of each unit buffer were 
transferred via wireless transmission without any bottleneck 
and an excessive number of data points did not accumulate 
in the MCU RAM. 

The measured data was then transferred by the sub 1 
GHz wireless transmission inside the MCU in a half word 
packet and the receiver decoded the data into the strain 
value at the ground station. The sub 1 GHz wireless 
protocol used in this MCU had a communication range of 
several kilometers. The range was highly dependent on the 
antenna size and environmental electromagnetic interference. 
For this in-flight measurement, a small helix coil antenna 
with a diameter of 5 mm and a height of 6 mm was used to 
reduce the volume capacity. The maximum communication 
range was found to be 2 km on the ground with a clear line 
of sight using this small helix coil antenna. The integrity of 
the transmitted data was ensured by verifying that the 
number of sent data samples from the transmitter matched 
the number of received data samples from the receiver for 
both 100 Hz and 100 kHz sampling frequency. Each 
wireless SHM sensor node was connected to single CNT 
fiber sensor. In this flight test, total of two wireless SHM 
sensor node was used for strain and impact measurements. 
868 MHz and 870 MHz were used as radio frequency and 
the 2 MHz frequency difference showed no interference 
with each other. 

For strain measurements, the sampling frequency was 
100 Hz and passive analog low pass filter with 5 Hz cutoff 
frequency was applied. Fig. 4(a) shows the algorithm for 
the 100 Hz sampling frequency for the wireless SHM 
sensor node. The process of each unit buffer measuring and 
storing 50 data points and transmitting wirelessly was 
completed in 0.5 s, meeting the requirements for the 
continuous 100 Hz measurements without excessive data 
accumulating in the MCU memory during the 
measurements. 

For impact measurement, another wireless SHM sensor 
node was prepared and the sampling frequency was 100 
kHz and analog low pass filter with 10 kHz cutoff 
frequency was applied. Fig. 4(b) shows the algorithm for 

 
Fig. 3 Schematic of double buffering method using DMA
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the 100 kHz sampling frequency for the wireless SHM 
sensor node. Since the maximum repetition rate of the 
wireless transmission was 0.1 s, a 100 kHz sampling 
frequency was too high to transfer all of the measured data. 
Therefore, a self-triggering method was used to measure 
and transmit 2000 data in 20 ms. For the self-triggering 
method, two unit buffers were constantly measuring the 
input signal to detect a sudden peak. The peak amplitude of 
the input signal was compared with a predefined threshold 
to determine whether to recognize the difference as an 
impact and capture the subsequent data points. Since the 
slope or the amplitude of the threshold is adjustable 
depending on the input signal, a trial and error method was 
used to find the optimal value for detecting the impact 
signal before the flight test. 

 
 

3. CNT fiber sensor embedded aircraft 
 
3.1 GFRP skin with embedded CNT fiber sensor 
 
The proposed CNT fiber sensor consisted of two layers 

of a polyurethane (PU), a multi-walled CNT coating layer, 
and core fiber. Fig. 5(a) shows the composition of the 
sensor: core fiber of ultra-high-molecular-weight 
polyethylene (UHMWPE), which was coated with the first 
PU layer, a CNT layer containing carbon black (CB), and 
the second PU layer. The first PU coating layer was added 
to increase the friction between the UHMWPE core fiber 
and the CNT/CB coating layer. Without the first PU coating 
layer, the UHMWPE core fiber and the CNT/CB coating 
layer tended to slip, resulting in no change in the resistance 
during the tension and compression of the CNT fiber sensor. 

 
 

 
 

(a) Schematic of CNT fiber sensor 
 

 

(b) Gauge factor of CNT fiber sensor

Fig. 5 CNT fiber sensor 
 
 

This was because of the fact that during deformation of the 
CNT fiber sensor, only the core fiber was deformed, and not 
the CNT coating layer, which altered the resistance value. 
An increase in the CB concentration decreased the 
 
 

 
(a) 100 Hz sampling rate (b) 100 kHz sampling rate 

Fig. 4 Algorithm of wireless SHM sensor node measurements 

Table 1 CNT fiber sensor characteristics 

Length (mm) Thickness
(μm) 

Resistance
(Ω/mm) 

Tensile strength
(MPa) 

Tensile modulus 
(GPa) Gauge factor

300 (Strain Measurement) 
200 (Impact Measurement) 80 700 501 7.6 2.0 
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resistance value and gauge factor of the sensor. Because the 
increase in the resistance of the CNT fiber sensor increased 
the noise level and a high gauge factor was needed for 
sensitive strain measurement, multiple CB concentrations 
were tested and the optimal CB concentration was found to 
be at 0.25 wt% (On et al. 2019). Table 1 presents the 
characteristics of the CNT fiber sensor used in this 
application with a thickness of 80 μm, resistance of 700 
Ω/mm, tensile strength of 501 MPa, tensile modulus of 7.6 
GPa, and gauge factor of 2.0. 

The CNT fiber sensor was embedded inside a GFRP 
with four plies of glass unidirectional prepregs in a stacking 
sequence of [0/90/90/0], which was 0.4 mm in thickness, as 
shown in Fig. 6. The CNT fiber sensor for impact 
measurement was embedded between the first and second 
layers and the CNT fiber sensor for strain measurement was 
embedded between the third and fourth layers. Enamel 
insulated copper wires were embedded between the second 
and third layers and were connected with the ends of the 
CNT fiber sensors through the GFRP prepregs using silver 
paste. Therefore, at the center of the 1700 mm × 300 mm 
GFRP skin, a 300 mm long CNT fiber sensor was located 
perpendicular to the chord line direction for strain 
measurement, and a 200 mm long CNT fiber sensor was 
located parallel to the chord line direction for impact 

 
 

 
 

measurement. A 120 Ω strain gauge was also attached at the 
center of the GFRP skin at the bottom surface in the same 
direction as the CNT fiber sensor for strain measurement. 
The sensor adapter of the CNT fiber sensor, which was 
connected with the enamel wires, was located at the wing 
root, which was connected with the SHM sensor node 
located inside the fuselage. 

The resistance of the CNT fiber sensor was extremely 
sensitive to temperature change. Although the surrounding 
GFRP skin did block some of the environmental effects, it 
was not able to act as a temperature insulator. After the 
1700 mm × 300 mm GFRP skin was attached to the main 
wing structure, a precise thermocouple was attached to the 
GFRP skin beside the CNT fiber sensor location and an 
external small sized data logger (TR-75wb) with a 
resolution of 0.1℃ and an accuracy of 0.3℃ was used to 
measure the temperature difference. Since the size of the 
whole main wing was not able to be put inside a 
temperature chamber, it was exposed to two different lower 
temperature environments which resulted in temperature 
decreases of 3.3℃ and 1.5℃. For the full length of the 
experiment, the temperature was measured using the 
thermocouple and data logger with a 1 Hz sampling 
frequency and the strain measurement of the CNT sensor 
fiber using the wireless SHM sensor node was measured 

 
 

  
(a) Schematic of GFRP skin (b) GFRP skin 

Fig. 6 GFRP skin with embedded CNT fiber sensor

 
Fig. 7 Strain measurement of the CNT fiber sensor embedded inside the GFRP skin during temperature change
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with a 100 Hz sampling frequency as shown in Fig. 7. A 
temperature decrease of 3.3℃ induced a 1500 με strain 
increase and a temperature decrease of 1.5℃ induced a 900 με strain increase from the original state. Therefore, for 
every 0.1℃ decrease in temperature, an average increase of 
50 με in strain was observed. 

 
3.2 CNT fiber sensor embedded aircraft 

specification 
 
The CNT fiber sensor embedded aircraft had a wingspan 

of 3.5 m, and the GFRP skin was attached at the bottom 
surface of the main left wing as shown in Fig. 8. Carbon 
fiber reinforced plastic (CFRP) pipe with a diameter of 30 
mm was used for the spar of the aircraft for maximum 
deflection in order to measure strain with high sensitivity. A 
2800 W brushless motor was used for the main thrust and a 
high-performance global navigation satellite system aided 
inertial navigation system (GNSS/INS) device (VN-200) 
was used to measure altitude, speed, and angle velocity of 
the aircraft during flight. The flight data was transferred 
from the aircraft to the ground station by MM2-T radio 
modem using 900 MHz frequency band. A remotely 
controlled impact tester was embedded inside the main 
wing, 400 mm from the impact measuring CNT fiber 
sensor. The impact tester consisted of a servo motor with a 
rotation plate and brass weight attached to a steel rod. When 
the servo motor was initiated wirelessly during flight test, 
the brass weight was elevated first and then dropped in 
order to simulate an impact. 

 
 

4. In-flight measurements 
 
During the flight test of the aircraft, both strain and 

impact were measured simultaneously. For strain 
measurement, both the CNT fiber sensor and the strain 
gauge took measurements at a sampling frequency of 100 
Hz. Even though the strain measurement was measured for 

 
 

the full length of the flight, the strain measurement during 
takeoff and landing was indistinguishable from the strain 
difference induced from the temperature difference. 
Although the aircraft flew at a low altitude, the temperature 
difference during the flight was measured to be 0.5℃, 
which would increase the strain by 250 με according to the 
above temperature change experiment. Therefore, only the 
dynamic maneuvers were able to be measured for strain 
measurement. Fig. 9(a) shows the comparison between 
strain measurements from the CNT fiber sensor and strain 
gauge with pitch angular velocity. During this flight 
interval, the aircraft performed rapid fluctuation in altitude 
to maximize the wing deformation to simulate harsh 
maneuvers of the aircraft. The strain measurements from 
both the CNT fiber sensor and the strain gauge matched the 
pitch angular velocity. The average strain measurements of 
the wing deformation from the CNT fiber sensor and the 
strain gauge were 40 με and 70 με. Compared to the 
amplitude of the strain gauge strain measurement, the 
amplitude of the CNT fiber sensor strain measurement was 
smaller; however, it was still possible to interpret the wing 
deformation of the aircraft during harsh maneuvers. The 
cause for the difference in strain measurement can be 
mainly from the difference in gauge length of the two 
sensors. The gauge length of the CNT fiber sensor for strain 
measurement was 300 mm, where the gauge length of the 
strain gauge was 10 mm and was located at the center of the 
CNT fiber sensor. The CNT fiber sensor strain measurement 
was the average of the whole 300 mm gauge length which 
resulted smaller strain measurement than the strain gauge 
strain measurement. Therefore, decreasing the gauge length 
of the CNT fiber sensor may increase the accuracy of the 
strain measurement at a specific location but will decrease 
the measuring length and the mechanical properties of the 
composite structures. For impact measurement, the CNT 
fiber sensor was measured at 100 kHz. There was no 
incoming data until the impact tester was initialized since 
there was no sudden peak larger than the predefined 
threshold. During the flight, the impact tester was initialized 

 
Fig. 8 Aircraft with SHM sensor node, GFRP skin and impact tester 
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and 2000 data points after the peak were acquired 
wirelessly. Fig. 9(b) shows the measured impact. The 
highest peak from the impact was measured to be 55 με, 
and the attenuation of the impact was also measured. Since 
the length of the impact measurement for the 2000 data 
points was 20 ms, only the early phase of the impact was 
measured. 

 
 

5. Conclusions 
 
In this study, a compact and lightweight wireless SHM 

sensor node and a CNT based fiber sensor embeddable in 
composites were developed to monitor the structural 
integrity of a UAV during a flight in real time. The wireless 
SHM sensor node consisted of an analog sensing circuit 
capable of measuring an embedded CNT fiber sensor with 
high resistance. Additionally, a double buffering method 
and DMA transfer method with a long-range wireless 
protocol inside the MCU were used to transfer the 
continuous SHM data to the ground station from a distance 
of up to a few kilometers. The proposed CNT fiber sensors 
exhibited high mechanical properties and were only 80 μm 
in diameter, which enhanced the structural properties 
without creating delamination when embedded inside the 
composite structure. During the in-flight measurement, the 
wireless SHM sensor node exhibited a continuous 100 Hz 
sampling frequency for strain measurement and a self-
triggering 100 kHz sampling frequency for impact 
measurement. Strain measurement from the CNT fiber 
sensor was compared with the strain gauge measurement 
and pitch angular velocity measurement for validation. In 
addition, an impact signal excited by the on-board impact 
tester was acquired by the CNT fiber sensor during the 
flight. The in-flight measurements from the embedded CNT 
fiber sensors and wireless SHM sensor node indicated the 
possibility of consistent SHM throughout the flight with 
minimum additional payload for small sized UAVs. 
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