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Abstract— In the modern technological world, there is a
notable increase in the demand for precise sensors and sensing
platforms in many different application fields. In the context of
Industry 4.0, inertial measurement units (IMU) are now playing
a central role in positioning estimation and anomaly detection,
smart condition monitoring, and fault diagnosis tools. Despite
this increasing development in recent years, the metrological
characterization and sensor performances of inertial platforms
still represent a current research gap. Currently, the actual
dynamic operating conditions (e.g., temperature, humidity, and
mechanical stress) endured by the device during its operating life
are rarely considered in the literature. However, a thorough sen-
sor characterization needs to consider all external stress sources.
Trying to fill this research gap, this study presents the results
of a measurement campaign conducted on a triaxial micro-
electromechanical system (MEMS)-based IMU performed at
different operating temperatures. The dynamic characterization
has been carried out emulating the automotive field regarding
both movements and operating temperatures. The analysis of the
experimental results introduces specific metrics to quantitatively
estimate the impact of the temperature dependence on the IMU
measuring a repeatable movement.

Index Terms— Automotive testing, inertial sensors, sensitivity
analysis, sensor characterization, temperature dependence.

I. INTRODUCTION

INDUSTRY 4.0 and internet of things (IoT) are nowadays
strongly pushing forward toward the need for more sensors

and sensing units [1], [2]. In many different industrial and
manufacturing fields, the use of modern smart sensing plat-
forms is increasing constantly as a support of many different
purposes [3].

In this context, micro-electromechanical system (MEMS)
stands out as a forefront technology in the field of sensing
units, finding applications across diverse domains [4], [5].
The versatility of its features opens great opportunities for

Manuscript received 31 January 2024; revised 29 April 2024; accepted 30
April 2024. Date of publication 13 May 2024; date of current version
28 May 2024. The Associate Editor coordinating the review process was
Dr. Lihui Peng. (Corresponding author: Lorenzo Ciani.)

Gabriele Patrizi, Lorenzo Ciani, and Marcantonio Catelani are with
the Department of Information Engineering, University of Florence,
50139 Florence, Italy (e-mail: gabriele.patrizi@unifi.it; lorenzo.ciani@unifi.it;
marcantonio.catelani@unifi.it).

Marco Carratù, Paolo Sommella, and Antonio Pietrosanto are with the
Department of Industrial Engineering, University of Salerno, 84084 Fisciano,
Italy (e-mail: mcarratu@unisa.it; psommella@unisa.it; apietrosanto@unisa.it).

Digital Object Identifier 10.1109/TIM.2024.3400332

creating multiple sensor types, addressing a broad spectrum
of requirements. A few examples of physical quantities that
can be measured using MEMS-based sensors are pressure [6],
acceleration [7], angular rate [8], magnetic field [9], temper-
ature [10], humidity [11], presence of particular gases and/or
chemical substances [12], sound intensity [13], and so on.
Along with the low cost, the low power consumption, the
high integration capabilities, and the great versatility, one of
the main advantages of MEMS sensors is the low dimensions
and weight, which allow to develop multisensor platforms
capable of ensuring high performances satisfying multiple
requirements. Inertial measurement units (IMU) represent a
perfect example of such multisensor platforms that are spread-
ing in different fields thanks to MEMS technology [14].
Usually, MEMS-based IMU integrates triaxial accelerometers,
triaxial gyroscopes, and triaxial magnetometers to acquire data
regarding the current positioning of the monitored object [15].
Examples of applications of MEMS-based IMU are unmanned
aerial vehicles (UAVs), submarine vehicles, biomedical engi-
neering, consumer electronics, manufacturing devices, robotic
equipment, wearable devices, and human gesture recogni-
tion [16], [17]. In the automotive field, which is the topic
of this work, MEMS-based IMUs are used in motorcycles,
self-driving vehicles, electric vehicles, electric bicycles, and
electric scooters for multiple purposes, such as [18], [19],
and [20]:

1) automatic fault detection and isolation;
2) smart condition monitoring and condition-based

maintenance;
3) prognostic and health management;
4) real-time decision-making;
5) optimization and control;
6) positioning estimation;
7) functional requirements.

Considering the increasing significance of MEMS-based
IMUs, there is a critical need to examine their metrolog-
ical characteristics and reliability [21]. Establishing proper
metrological and reliability parameters is crucial to ensure
the optimal system response throughout the entire life cycle,
especially in harsh environmental conditions [22], [23].
Manufacturers often overlook the characterization of IMUs
under external stress sources, neglecting mechanical, thermal,
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or electrical stresses which are usually prevalent in practical
applications. Consequently, it becomes a priority to study
the metrological performances of sensors in the presence of
these external stimuli. Recent literature highlights temperature
excursions as a primary influencing factor on the functional
and metrological performances of electronic devices of differ-
ent types, spanning from power modules [24], sensors [25],
IoT technologies [26], microcontrollers, and so on.

Trying to deal with temperature dependence, there are some
works in recent literature proposing temperature compensation
of a single MEMS sensor. For instance, polynomial-based tem-
perature compensation of an MEMS accelerometer is proposed
in [27], while temperature compensation of an MEMS gyro-
scope is proposed in literature following different approaches,
such as backpropagation neural network [28], a combined
genetic algorithm and neural network [29], a parameter-based
interpolation [30], polynomial fitting [31], and an algorithm
based on autoregressive moving average model [32]. However,
despite the increase in the MEMS sensors market and the
widely known negative effects of harsh temperature conditions
on electronics, there still is a research gap in recent literature.
Looking into this aspect more specifically, a full and detailed
dynamic testing and characterization procedure of the entire
IMU sensor under different operating temperatures, consider-
ing the real operating conditions that the IMU is forced to
endure in the installation field, is not yet available.

To fill this gap, some preliminary research works available
in [33] and [34] carried out a static characterization of sev-
eral MEMS IMUs under temperature stress tests, focusing
on the correlation between the IMU output and operating
temperature. The previous papers pointed out a robust cor-
relation measured across the IMU sensor outputs for each
axis orientation and each sensor under examination. Such
correlations have been discovered across multiple samples in
static conditions, and they differ for every device in terms of
sign and magnitude. Notably, the previous findings reveal also
some miscalibration phenomena and loss of compensations
(even when the operating temperature remains within the
device’s designated operating range). Interestingly, these minor
temperature-induced miscalibrations appear to significantly
impact the raw data acquired by the sensors, subsequently
influencing the outcomes of common filtering algorithms
employed in positioning applications. However, static char-
acterizations can be misleading, as the device remains in a
fixed position, measuring a constant input value throughout
the entire test. This approximation is not always reasonable
since devices actually need to monitor rapid movements when
installed in a motorcycle or a car. In light of such limita-
tions, there is a pressing need to introduce a new testing
methodology to investigate the sensor’s response dynamically,
emulating the conditions encountered in the actual automotive
field.

Therefore, building upon the experimental setup proposed
for the dynamic characterization of IMU under vibration stress
in [35], this article further extends the study, focusing on a
temperature sensitivity analysis of IMU under dynamic con-
ditions. In the previous research work [35], only mechanical
stresses were involved. Instead, in this article, an additional

characterization of an MEMS-based IMU under combined
thermomechanical conditions is presented, illustrating the spe-
cific test plan and the customized experimental setup. The
study of the sensor’s response during the test (i.e., during
the application of a dynamic combined temperature stress
and controlled movement) allows quantitatively estimating the
temperature dependence, introducing adequate performance
evaluation metrics. The main contribution of this work is the
development of a specific dynamic experimental platform able
to emulate the automotive field of application in a controlled
laboratory environment. Thermomechanical stress conditions
are applied to the device under test (DUT), simultaneously
inducing temperature stress and a controlled movement that
needs to be acquired (i.e., dynamic temperature test). The
experimental platform provides a laboratory simulation that
realistically replicates the challenges faced by an MEMS sen-
sor in practical scenarios when installed on terrestrial vehicles
such as cars, motorcycles, or trucks. Hence, this research
allows us to study the temperature dependence of the sensor’s
output and to provide a temperature sensitivity analysis with-
out the necessity of setting up in-field measurement, which
is a crucial point that currently both manufacturers and recent
literature miss to consider. As a matter of fact, the introduction
of dynamic characterization of the IMU sensors under different
operating temperatures and the study of the sensor’s response
in a nonstandard environment is a crucial point not only
in the automotive field (which is the topic of this article)
but could also be extended to any other application environ-
ment where the sensors are forced to endure harsh operating
conditions.

II. IMU UNDER TEST: MAIN FEATURES AND PREVIOUS
ASSESSMENT

The MEMS-based inertial unit considered in this work is
a general-purpose IMU with nine degrees of freedom (DoFs),
which means that the sensing platform acquires nine inertial
quantities, namely, three accelerations (i.e., toward the X-,
Y-, and Z -axes), three angular speeds (i.e., related to the
movement across the X-, Y-, and Z -axes), and three magnetic
field intensities (i.e., toward the X-, Y-, and Z -axes). The DUT
is a relatively low-cost 16-bit MEMS platform that can be
used for several applications according to the manufacturer’s
datasheet between −40 ◦C and 85 ◦C. The main metrological
characteristics of the sensing platform are given as follows:

1) linear acceleration sensitivity of 0.732 mg/LSB at full
scale (i.e., ±16 g);

2) sensitivity of the magnetic field intensity equal to
0.58 mG/LSB at full scale (i.e., ±16G);

3) angular rate sensitivity of 70 mdps/LSB at full scale
(i.e., ±2000 dps).

No temperature drifts, nor temperature sensitivity-related
parameters, are provided in the device’s datasheet.

As mentioned in Section I, an initial static assessment was
conducted to evaluate the performances of multiple DUTs
when the operating temperature is nonstandard [33], [34].
Such previous studies pointed out unexpected and noteworthy
temperature drifts on all the sensors embedded in the IMU.
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Fig. 1. Sensors output toward the X-, Y-, and Z -axes as a function of the operating temperature during a static test. (a) Accelerometer (gravitational acceleration
has been removed from the sensor output). (b) Gyroscope. (c) Magnetometer.

TABLE I
QUANTITATIVE ANALYSIS OF THE IMU OUTPUT TEMPERATURE DRIFTS DURING A STATIC TEST

For instance, Fig. 1 illustrates the output of a random IMU
tested under static test conditions varying the operating tem-
perature inside the device’s specification between −20 ◦C and
60 ◦C. In particular, Fig. 1(a) shows the accelerometers’ output
toward X-axis (blue trend), Y-axis (red curve), and Z-axis
(yellow line). Similarly, Fig. 1(b) involves the gyroscope
outputs, while Fig. 1(c) illustrates the magnetometer outputs.

During the test, the IMU was held in a fixed position, and
the temperature was increased from −20 ◦C up to 60 ◦C
using a slow changing rate. Analyzing the figure, a remarkable
temperature drift is evident across all three sensor types and
all three sensor axes. Notably, the most remarkable finding is
the distinct temperature drift observed for each axis, both in
terms of direction and magnitude.

To numerically assess the temperature sensitivity during the
static test, Table I illustrates the range of variation for the
three axes of the accelerometer, gyroscope, and magnetometer,
respectively. The table also presents the slope of the measured
data calculated assuming a linear regression model in order to
show the actual dependency between the IMU output and the
operating temperature.

The most striking result to emerge from Fig. 1 and Table I
is the divergence in the temperature drifts in terms of both
magnitude and sign among the three sensor types and three
sensor axes. Thus, the preliminary static analysis allowed to
state that the temperature dependence is considerable and
unpredictable, as it varies for each device and axis.

III. PROPOSED EXPERIMENTS: TEST PLAN
AND TEST SETUP

This section illustrates the experimental campaign carried
out in this work to extend the previous study and perform

a dynamic characterization of the MEMS-based IMU under
various operating conditions.

A. Test Plan for Dynamic Characterization of IMUs Under
Temperature Stress

The main idea of the proposed dynamic test is the simul-
taneous application of a mechanical and thermal load to the
IMU under consideration.

First, regarding the thermal load, a specific operating tem-
perature is set in the interval Trange starting from −20 ◦C
to 60 ◦C. The considered temperature range lays within
the maximum operating range specified in the manufacturer
datasheet. The significance of Trange is connected to the field
of application of the sensors, which is supposed to be the
automotive application. In this case, a temperature variation
of 80 ◦C in the interval from −20 ◦C to 60 ◦C is reasonable
assuming an installation outside the motor compartment.

All the subsequent tests are repeated in every operating
temperature inside Trange assuming a temperature step of 5 ◦C.
Such limited temperature increase allows for an accurate
characterization of the sensor’s temperature dependencies.

Regarding the mechanical load, a specific movement is
forced during the test to emulate an actual motorcycle applica-
tion. This particular motion involves two rotational axes: PAN,
representing horizontal movement, and TILT, representing
vertical movement. The speed and acceleration of the rotations
are designed and controlled to ensure the maximum fluidity
of the whole movement.

For the sake of generality and according to the physical
constraints of the equipment to be used, the two mechanical
movements follow the steps illustrated in the diagram in Fig. 2.
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Fig. 2. Flowchart of the development movement around PAN and TILT axes
of rotation.

The schematic reported in Fig. 2 shows different color
movements performed according to PAN and TILT axes,
highlighting the rotations that have been executed simultane-
ously. Analyzing the movements in detail, it is possible to
identify two parallel tasks.

1) A symmetric movement spanning 180◦ is performed in
the PAN rotation axis. It starts reaching 90◦ position
from the resting state (i.e., 0◦). For the sake of sym-
metry, the direction is then reversed toward –90◦ before
changing direction again in order to return to the initial
rest position. This rotation is performed at speed and
acceleration equal to 115 and 123 ◦/s2, respectively.

2) A nonsymmetric movement spanning 70◦ is performed
in the TILT rotation axis. It starts reaching 29◦ position
from the resting state before changing direction reaching
–41◦. Finally, the movement involves another direction
swift finishing in the rest position. This rotation is
performed at speed and acceleration equal to 82 and
103 ◦/s2, respectively.

The movement in Fig. 2 is repeated 30× for the sake
of repeatability, allowing a robust temperature sensitivity
analysis.

B. Experimental Setup

The experimental setup required to implement the test plan
in Section III-A is illustrated in Fig. 3. More specifically,
the complete setup is shown in Fig. 3(a), while a detail of
the tested IMU mounted on a moving device is reported in
Fig. 3(b) for a better understanding. The main equipment
is the pan-tilt unit (PTU), which is an electromechanical
controllable device that generates stable, reproducible, and
controllable movement toward two rotation axis (i.e., PAN and
TILT rotations). Because of physical constraints, the maximum
aperture angle of the TILT is limited, leading to a customized
nonsymmetric movement included in the test plan as described
in Section III-A.

A dedicated controller and a specific Python framework are
used to set the PTU and ensure a real-time position check.

Fig. 3. Experimental equipment for dynamic thermomechanical test. (a) Com-
plete experimental setup. (b) IMU mounted on the PTU.

The IMU is mounted on top of the PTU using a suitable
metallic plate and hosting printed circuit board (PCB). The
IMU and the PTU are then located inside a climatic chamber,
which has been used to regulate the operating temperature
in the specified range. A data logger equipped with a T-type
thermocouple has been used to measure the overheating of the
IMU platform during the test, while the temperature regulation
during the test and the cohesion with the test plan is man-
aged by the climatic chamber internal resistance temperature
detector (RTD). Finally, an acquisition board based on a
Nucleo 64 by STMicroelectronics is used to set the sensors
and acquire the inertial data, which are then stored in the
laptop.

IV. TEMPERATURE SENSITIVITY ANALYSIS

This section presents the temperature dependencies of the
IMU sensors during a dynamic test, considering the experi-
ments proposed in Section III to emulate the automotive field
of application.

To ensure a robust temperature sensitivity analysis, all the
following discussions and considerations are referred to the
average values of the 30 identical test repetitions performed
for every operating condition.

A general overview of all the acquired data is presented
in Fig. 4, considering the X -axis (blue shaded area), Y -axis
(red shaded area), and Z -axis (yellow shaded area) of the
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Fig. 4. Sensors output toward the X-, Y-, and Z -axes acquired at different operating temperatures as a shaded area around the average value. (a) Accelerometer.
(b) Gyroscope. (c) Magnetometer.

accelerometer [Fig. 4(a)], gyroscope [Fig. 4(b)], and mag-
netometer [Fig. 4(c)]. For the sake of compliance, also the
following figures have the same division of the subplots to
identify the sensors and the same color code to identify the
axes.

In Fig. 4, all the sensor’s data acquired at different tem-
peratures have been reported as a shaded area around the
reference condition (i.e., T = 20 ◦C). What stands out
from all the subplots in Fig. 4 is a general dispersion of
the data caused by the changing operating conditions (i.e.,
changing the operating temperature from T = −20 ◦C to T =

60 ◦C). However, the three sensors exhibit different output
variations due to the operating temperature. The maximum
temperature impact seems to be endured by the three axes of
the magnetometer, while a minor effect is exhibited on the
gyroscope. The accelerometer shows intermediate variations
caused by the temperature changes, with maximum effect
located around the areas at constant acceleration.

Qualitatively speaking, another thing that comes out from
the figure is the significant extension of the shaded areas
in the case of the magnetometer, while the accelerometer
and gyroscope seemed to show a less noticeable deviation.
However, this is mainly due to the high vertical dynamics
of both accelerometer and gyroscope during the proposed
movement, which does not allow to properly appreciate the
data dispersion caused by temperature for these sensors.

Thus, due to such a high dynamic of the gyroscope and
accelerometer, it is better and more straightforward to ana-
lyze this aspect, focusing only on a subset of the proposed
movement.

In this regard, Fig. 5 illustrates the output variations
measured by the sensors at T = −20 ◦C (black curves),
T = 20 ◦C (green curves), and T = 60 ◦C (dark red curves)
focusing only on the central part of the movement for the
X -axis of the accelerometer [Fig. 5(a)], Y -axis of the gyro-
scope [Fig. 5(b)], and Z -axis of the magnetometer [Fig. 5(c)].
The specific time interval (i.e., samples 250–350) has been
chosen randomly over the entire test duration. Similar con-
siderations can be drawn, moving the window frame used in
Fig. 5 toward the beginning or the end of the test. All subplots
of Fig. 5 show a nonnegligible offset of the sensors’ output
caused by the different operating temperatures. This finding
is noteworthy, especially because the operating temperature

during the test has always been kept within the maximum
operating conditions allowed by the manufacturer. Another
important aspect pointed out in Fig. 5 is the different signs
of the temperature drifts for the three sensors embedded in
the IMU under test. More specifically, the X -axis of the
accelerometer experiences an increase in the temperature drift
when the operating temperature decreases.

A similar behavior is pointed out also by the Y -axis of the
gyroscope, while the magnetometer suffers from a directly
proportional temperature drift that increases the sensor out-
put when the temperature increases. However, analyzing all
sensors’ output, the different axes of the same sensor could
experience opposite temperature drifts.

This aspect can also be appreciated by analyzing Fig. 6,
where the 3-D reconstruction of the sensors’ output measured
at three different operating temperatures is illustrated for the
accelerometer in (a), the gyroscope in (b), and the magne-
tometer in (c). Therefore, to further analyze this aspect, the
sensor’s offset caused by the different operating temperatures
has been evaluated for all the test conditions.

First, let us consider a j
ref, ar j

ref, and m j
ref the array of the

measured data along the j-axis at T = 20 ◦C from the
accelerometer, gyroscope, and magnetometer, respectively.

Then, O j
Acc|@Top represents the accelerometer’s offset along

the j-axis at a temperature Top and it is evaluated as the
average value of the point-by-point difference between the
acceleration measured along the j-axis at temperature Top

and the above-defined reference value a j
ref across the entire

movement (with Nmov identifying the number of samples
acquired during a single test)

O j
Acc

∣∣∣
@Top

=
1

Nmov

Nmov∑
i=1

(
a j

Top
(i) − a j

ref(i)
)
. (1)

Similarly, O j
Gyro|@Top and O j

Mag|@Top represent the offset
evaluated at a temperature Top along the j-axis of the gyro-
scope and magnetometer, respectively, and they are defined
as

O j
Gyro

∣∣∣
@Top

=
1

Nmov

Nmov∑
i=1

(
ar j

Top
(i) − ar j

ref(i)
)

(2)
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Fig. 5. Sensors output toward at three different operating temperatures in the central part of the movement. (a) Accelerometer X -axis. (b) Gyroscope Y -axis.
(c) Magnetometer Z -axis.

Fig. 6. 3-D-reconstruction of the measured data at three different operating temperatures. (a) Accelerometer. (b) Gyroscope. (c) Magnetometer.

O j
Mag

∣∣∣
@Top

=
1

Nmov

Nmov∑
i=1

(
m j

Top
(i) − m j

ref(i)
)
. (3)

The specific offsets estimated following (1)–(3) are illus-
trated in Fig. 7 as colored markers for every sensor
[accelerometer in (a), gyroscope in (b), and magnetometer
in (c)] and every axis. Furthermore, Fig. 7 also includes the
linear fitting of the estimated temperature offsets, pointing
out a strong linear dependence on all sensors and all axes
between the temperature and the measured output. What
stands out from Fig. 7(a) is that the X-, Y-, and Z -axes of
accelerometer have different offsets in terms of magnitude,
but they all agree in terms of sign, with an increment of the
temperature drift when the operating temperature decreases.
Instead, Fig. 7(b) and (c) proves the controversial behavior of
the gyroscope and magnetometer.

The Y -axis of both sensors experienced a negative drift
when the temperature increases, while the output of the X -axis
and Z -axis of both gyroscope and magnetometer increased in
accordance with temperature.

To summarize all these aspects, the temperature sensitivity
(i.e., the slope of the linear fitting) of all sensors and all
axes is reported in Table II along with the coefficient of
determination R2, which was taken as goodness of fitting met-
ric. Furthermore, the table also includes the maximum swing
experienced by the evaluated offset in the temperature range
between −20 ◦C and 60 ◦C. The table once again demonstrates
the different magnitudes and different signs of the temperature
offset during the dynamic test. This means that dedicated and
customized temperature compensation procedures are required
for every sensor and every axis. Furthermore, comparing
Tables I and II, it is possible to note that different temperature

dependencies are experienced. This is because the preliminary
static characterization and the proposed dynamic test have
been carried out on different IMUs. Thus, the uncorrelated
behavior (in terms of sign and magnitude) of the sensors’
axes differs also depending on the specific DUT (for more test
repetitions and more devices under static condition, see [33],
[34]). To further proceed the analysis, another phenomenon
induced by the operating temperature on the tested IMU has
been investigated. More in detail, D j

Acc|@Top represents the
data dispersion of the accelerometer j-axis at temperature Top
and it is evaluated as the median value of the point-by-point
standard deviation of the movement acquisition σa j

Top
, which

is determined with respect to the 30 identical test repetitions
(all performed at the same temperature)

D j
Acc

∣∣∣
@Top

= Med
(
σa j

Top

)
. (4)

Due to the possible presence of outliers resulting from the
severe test conditions, the median has been used to increase the
robustness of the analysis and avoid the influence of skewed
data [36].

Similarly, D j
Gyro|@Top and D j

Mag|@Top represent the data dis-
persion at a temperature Top along the j-axis of the gyroscope
and magnetometer, respectively. Thus, they are evaluated as
the median value of the standard deviation of the movement
acquisition measured by the gyroscope σar j

Top
and by the

magnetometer σm j
Top

, respectively

D j
Gyro

∣∣∣
@Top

= Med
(
σar j

Top

)
(5)

D j
Mag

∣∣∣
@Top

= Med
(
σm j

Top

)
. (6)



PATRIZI et al.: TEMPERATURE SENSITIVITY ANALYSIS OF IMU UNDER DYNAMIC CONDITIONS 9510209

Fig. 7. Estimation of the offset O j
Acc|@Top , O j

Gyro|@Top , and O j
Mag|@Top during the dynamic test as a function of the operating temperature: observed values

and linear fitting. (a) Accelerometer. (b) Gyroscope. (c) Magnetometer.
TABLE II

TEMPERATURE SENSITIVITY ANALYSIS OF THE IMU OUTPUT DURING DYNAMIC TEST: MAXIMUM OFFSET SWING, OFFSET SLOPE, AND GOODNESS OF
FITTING OF THE LINEAR APPROXIMATION

Fig. 8. Trend of the data dispersion during the dynamic test as a function of the operating temperature: observed values and linear fitting. (a) Accelerometer.
(b) Gyroscope. (c) Magnetometer.

The data dispersion values estimated following (4)–(6) are
illustrated in Fig. 8 as colored markers for every sensor
[accelerometer in (a), gyroscope in (b), and magnetometer in
(c)] and every axis.

In this case, analyzing the figure, it is possible to note a
similar behavior to all sensors and all axes in terms of data
dispersion as a function of the operating temperature. What
stands out from the graphs is that the dispersion of the data
measured acquiring the same movement at extremely cold
temperatures is higher than the dispersion obtained at ambient
and hot temperature conditions.

More specifically, a negative temperature dependence of
the data dispersion has been encountered, with the magnitude
of the slope in accordance with the different axes of the
same sensor in almost all the analyzed cases. The only two
exceptions are shown by the Z -axis of the accelerometer and
the Y -axis of the gyroscope, which seems to point out an
almost constant slope of the data dispersion.

TABLE III
DATA DISPERSION DEPENDENCE WITH TEMPERATURE: SLOPE IN CASE

OF LINEAR FITTING FOR ALL IMU OUTPUTS

To quantitatively analyze this aspect, Table III includes the
slope of the first-degree polynomial fitting included in all
subplots of Fig. 7 for every sensor and every axis. The table
clarifies the negative sign for all the considered scenarios,
showing a consistent dispersion increase in case of cold
temperature conditions.
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V. CONCLUSION

This work discusses about a dynamic characterization of
a 9-DoF inertial measurement unit under thermomechanical
conditions. Preliminary studies carried out in a static environ-
ment (i.e., maintaining the sensor platform in a fixed position)
have pointed out a nonnegligible dependence between the
IMU output and the operating temperature neglected by the
manufacturer. Building upon this aspect, this article presented
a customized experimental campaign to dynamically charac-
terize the performances of the entire IMU in the presence of a
harsh environment, which realistically emulates the installation
on a motorcycle. For this reason, the IMU under test is
installed on a rotation-producing device that is able to control
and repeat the same identical movement for the sake of
measurement repeatability. The equipment is located inside
a climatic chamber to regulate the operating temperature,
allowing the investigation and study of possible anomalies in a
controlled environment. The initial qualitative analysis pointed
out a dispersion of the measured data, changing the operating
temperature in all sensors and all axes. For this reason, two
customized metrics (the dynamic offset and the data disper-
sion) have been introduced in this article to quantitatively
evaluate the impact that a change in the operating temperature
could have on the IMU performances while measuring an
actual movement. The results pointed out different temperature
sensitivities of each sensor and axis regarding both magnitude
and sign. Furthermore, a noticeable increase in the data disper-
sion has been found at cold temperatures. Overall, temperature
variations can significantly affect IMU performances, and thus,
temperature compensation becomes crucial for ensuring the
accuracy of the IMU sensors. Common compensation tech-
niques (e.g., polynomial regression or Kalman) and innovative
approaches (e.g., adaptive filter and neural networks) will be
introduced in future works to further extend the analysis using
the data acquired during the combined dynamic temperature
tests proposed in this work.
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