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Abstract: Bridges, overpasses, and road construction sites with reduced vertical clearance lead to
collision threats from crossing vehicles that exceed their clearance due to their inherent height or
improper loading. These accidents can pose slight or severe physical damage to property and, pri-
marily, damage to involved individuals in these vehicles or their affected components (i.e., collateral
damage around and above an overpass or bridge). Furthermore, the resulting consequences may
also incur fatalities, injuries, structural damages, and monetary damages. It has severely impacted
the repair and/or replacement costs of the affected structures. Such accidents and consequences
have been observed at a national level and could be reduced with a proper implementation of an
overheight sensing system to prevent them from happening as often. This paper introduces the
design, prototype, and implementation of a low power sensor network to monitor and characterize
vehicle height and other characteristics in real time, thus alerting overheight vehicles well in advance
of a possible collision.

Keywords: vehicle height sensors; optical sensors; overheight vehicles

1. Introduction

Reduced vertical clearance under bridges, overpasses, and other road construction
work platforms poses significant collision threats for crossing vehicles, especially if they
exceed their height by a small margin due to incorrect loading or inherent vehicle height.
These vehicles will be referred to as overheight vehicles moving forward. This has resulted
in collisions and accidents that have led to severe damages to both vehicles and structures.
As it is to be expected, these damages go beyond the structural and can entail physical
injuries to individuals and significant monetary costs for repairs and/or medical expenses.

Between the years of 1987 and 1992, for example, the Texas Department of Trans-
portation (TxDOT) reported 241 collisions due to overheight vehicles [1]. In the state of
Maryland, and out of the 1496 bridges susceptible to such collisions, about 20% were stuck
and 58 required repairs between the years of 1995 and 2000, as reported by Fu et al. in
2004 [2]. In this same report, it is mentioned that out of 29 reported states, 18 indicated that
these overheight collisions were, in fact, significant problems due to the aforementioned
consequences. These results have also been discussed at a nationwide level and how they
have resulted in injuries, damages, and even fatalities [3,4], without mentioning additional
problems such as construction time, road blocking, and other delays that may affect third
parties overall.

The most logical approach to this issue is to focus on the prevention of such accidents
to avoid their consequences. Several researchers have decided on focusing on two different
aspects of such prevention. First of all, addressing and analyzing vehicle height to deter-
mine when a vehicle is too high for an upcoming obstacle. Furthermore, they focus on
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alerting the driver of an overheight vehicle of this detection well in advance and in time
for them to act, such as taking an upcoming alternative route or return to avoid a collision.
Several criteria need to be met for the purpose of accurate collision prevention. Detection
must be accurate enough within a wide range of vehicle speeds, and fast enough to send
information as a warning signal and alert the overheight vehicle driver.

In a report by Agrawal in 2011 [4], several of these systems were assessed through
surveying and common issues arose in key areas of overall functionality, accuracy, and
cost. Red and infrared (IR) light emitting diode (LED) lights for time of flight (ToF) sensors
are observed throughout. Cameras and light sensors are commonly used for addressing
vehicle classification, profiling, and overheight sensing, with varying results [5–8]. In
particular, time of flight (ToF) distance/range sensors can be used to calculate vehicle
profiles. These sensors show satisfactory results in most cases under ideal conditions,
with errors and false positives caused by environmental conditions. These can range from
weather (i.e., snow, hail, rain, etc.), traffic (i.e., parallel cars driving and excess speed),
and other sources such as birds crossing and dust infiltration in sensors. The other main
common issues observed in these cases are direct results of their installation setup. For
example, the fact that they are installed on the sides of roads means that two vehicles
driving side by side in a multi-lane road can yield a false alarm if one of the vehicles does
not exceed height limitations. Additionally, installation and maintenance yielded high cost
due to the complex setups and access for workers to provide service, especially in busy
intersections and highways.

In this paper, we report an overheight vehicle detection system (OVDS) using both
laser and ultrasonic sensors with wireless LTE and RF communication to an off-site central
command and a warning signal, respectively. We focus on the main purposes of such
system, height detection and warning, while addressing the most common issues observed
in installed systems. The majority of these issues are error correction, false positives, power,
cost, and speed. A full implementation and installation of such system is proposed in
Figure 1, with the ability to monitor and profile moving vehicles to determine if they are
overheight, and further warning them to take appropriate action. This is implemented in
two different lanes, with the capability of expansion in the future.
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Figure 1. System setup overview for the proposed overheight sensor network.

2. Methodology and Design
2.1. Design Overview

The overall functionality of the system is shown in Figure 2, where continuous com-
munication between the sensor system and both a warning signal and a control command
is crucial for detection, logging, and warning of an overheight vehicle. The proposed
system is divided into two subsystems. The first one determines whether the incoming
vehicle is clear to pass, depending on its height. This can be accomplished with several
different methods. One option relies on distance sensors placed directly above the street
(either under a crossing bridge or under a sign). These sensors would detect the exact
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height of each passing vehicle. A second option utilizes an array of laser sensors placed
on both sides of the road at specific heights. This would basically allow the detection of
the highest point of a vehicle and indicate whether or not it can pass. For the overheight
decision-making in our system, we use not one but a combination of both vertical and
horizontal sensors to determine if a vehicle is clear to pass an upcoming obstacle. This
decision-making process is described in Figure 3 and will be further detailed in the next
section.
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Figure 2. Overall system functionality of the proposed system, describing an overall simplified
workflow of a constant loop for detecting whether a vehicle exceeds a height threshold, and how the
system will react to such a case.
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Figure 3. Detection and non-detection decision making for the proposed system using vertical and
horizontal sensor data.

The second subsystem acts in reaction to what the first has determined about a vehicle.
This system consists of an indicator to the driver about their vehicle not being able to
pass and to take the nearest bypass road. Once a vehicle is determined to be outside the
accepted height threshold, this second subsystem will also log and send data about the
event locally, including images, date, time, and height information. Furthermore, it will
use cellular data (via a subscriber identification module or SIM card or mobile hotspot)
to communicate with the central command and send it the required and pre-determined
information.
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2.2. Sensor Determination

The main objective of the height profiling system is to determine the height of an
incoming vehicle. For this purpose, different distance sensors exist that satisfy the required
specifications. Laser sensors consists of an emitter that will send a pulse of laser light and
measure the reflected pulse as it returns to a receiver. The time difference between these
two events is measured with high precision and converted to a distance measurement.
These beams travel at the speed of light, yielding high rate of reading to detect fast moving
objects. Laser sensors are usually more expensive and work for ranges up to 200 m (or
650 ft). State-of-the-art laser sensors can reach a signal obtaining rate of up to 1000 samples
per second. Each laser-based sensor can consume up to 100 mA of current with a 5 V
voltage supply, with operating temperatures of up to 85 ◦C (or 185 ◦F). A typical laser
sensor would then consume around 500 mW per each sensor, on average.

On the other hand, ultrasonic sensors work on similar principles. The difference is
that high frequencies are sent instead of light beams and reflections are measured. These
sensors have lower costs but can reach distances up to 20 m (or 65 ft), on average. Sound
waves, however, travel slower and are more prone to inaccurate measures due to additional
noise and a lower intensity signal (light is easier to focus than sound). However, ultrasonic
sensors can compensate possible errors of laser sensors during heavy rain or dense fog
conditions. Ultrasonic sensors can reach a signal of up to 500 samples per second. Each
ultrasonic based sensor can consume up to 25 mA of current with a 3.3 V voltage supply,
with operating temperatures of up to 65 ◦C (or 150 ◦F). A typical ultrasonic sensor consumes
around 12.5 mW per each sensor, on average.

These time-of-flight (ToF) sensors are a viable option due to high read rate (around
1000 Hz) and acceptable power consumption of around 600 mW per each sensor, on average.
These sensors also utilize laser-based transmitters and can work at long ranges of up to
40 m (or 130 ft) with minimal crosstalk.

For this reason, there has been extensive use for these types of sensors in situations
where high-speed detection is required, such as obstacle and collision avoidance or high-
speed autonomous navigation [9–11]. This purpose satisfies the needs of our system, since
high speed vehicles need to be profiled in an accurate way.

The combination placement of these sensors to achieve the objective involves placing
laser sensors on both sides of the road, and on top of the lanes. This hybrid lateral/vertical
arrangement of sensors has the advantages of lateral and vertical sensors in one system.

This system utilizes a vertical setup with overhead sensors to determine the height of a
vehicle. These sensors can be placed either under an intersecting bridge or already existing
structure, or on a specifically built structure. The sensors placed have to be fast enough to
detect every passing vehicle at high speeds. Infrared lasers and ultrasonic sensors can both
measure under the required conditions.

On the other hand, horizontal sensors, although also laser-based, do not measure
the distance from the emitter to the vehicle for height, but determine the presence of the
vehicle and in which lane it is located using distance windows. These further aid in error
correction and false positive prevention. Based on distance thresholds on each, the sensing
systems determine if (1) a vehicle is actually present at the time of detection, and (2) the
vehicle’s height profile and if it exceeds a height threshold. This directly aims to remove
the false positive issues aforementioned as well as that can occur from external sources of
noise (i.e., passing animals, weather, etc.) that might trigger a high vehicle warning if not
accounted for. A simple decision schema is shown in Figure 3, where a detection is only
logged if both presence and height threshold occur within the same time frame.

2.3. Wireless Communication

A considerable distance between the sensor and the warning sign must be used in
the system for the driver to have enough time to see and react to the warning telling them
to take the nearest bypass exit. Cellular data is used to communicate with the central
command for data logging purposes. This data transmission consists of reports, pictures,
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and time logging of events where an overheight vehicle is detected. Radio frequency (RF)
is used to trigger the warning sign about 500 ft away from the sensors. The transmitter side
(sensor sign) can send an analog signal (single frequency tone) to the receiver end. The
receiver end interprets that signal as a height threshold violation and promptly activates
the warning.

3. Experimental Setup
3.1. Implementation

Our demonstration OVDS was implemented in a street in our city for the detection
of overheight vehicles in two separate lanes. A flow chart of our detection algorithm for
two lanes, in a continuous loop and as seen in Figure 4, summarizes how our system was
implemented to address the issues with false detection. All sensors are active at all times,
including a camera for real-time monitoring. Initially, horizontal sensor values (lateral
laser sensors) are collected and averaged to determine the lane. This includes filtering
and averaging to avoid noise. This value is first compared to a presence threshold, which
indicates if there is a vehicle present in any of the two lanes being observed. If this is the
case, the averaged value is evaluated to predetermined ranges of distance thresholds and
used to determine in which lane the vehicle is present. In this case, and since two lanes
were used, the midpoint between the lanes was used as a determining threshold.

When a lane is determined, vertical sensor data (overhead sensors) will be used to
calculate an average sensor-to-vehicle distance. This is then subtracted from the calibration
measurement (which is the sensor-to-ground distance) to calculate the average vehicle
height.
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Once this data has been collected, we determine if the vehicle height exceeds a previ-
ously determined threshold, meaning that the vehicle is too high. If this is the case, height
data, along with vertical data and date/time are logged, and the warning signal pin will be
activated. This also triggers camera frames at that moment in time to be stored in order
to capture an image of the vehicle being profiled. All sensor data for vehicles exceeding
the threshold, along with time-stamped images, are appended to a report that will be sent
periodically or obtained on-demand through a remote connection.

3.2. Components and Devices

The components utilized for the sensing system are described in Table 1. Note that
repeated sensors are used throughout in order to achieve redundancy and further increase
the accuracy of the system. For vertical sensors, Teraranger One (Terabee, SAS) [12]
was used for height determination with a sensor HUB (Teraranger Hub, Terabee, SAS)
used to manage power and serial data. For horizontal sensors, Lidar Lite V3 laser time
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of flight rangefinders [13] were used (Garmin, Inc., Schaffhausen, Switzerland). Note
that repeated sensors are used throughout in order to achieve redundancy and further
increase the accuracy of the system. Furthermore, a Raspberry Pi 3B single board computer
(Raspberry Pi Foundation) is utilized as the on-site computer for data management, and
a Sierra RV50 (Sierra, Inc., Charlotte, NC, USA) modem is utilized to transmit LTE data.
Additional components include simple RF transmitter/receiver pairs, as well as a USB
Webcam (Logitech, Inc., Lausanne, Switzerland) for image capture. All of the individual
components and subsystems are enclosed in NEMA 4X rated metallic enclosures to assure
weather and environmental condition proofing.

Table 1. Distance sensors used in OVDS.

Vertical Sensors Horizontal Sensors

Model Teraranger One Lidar Lite
Principle Infrared Time-of-Flight (ToF) IR Laser Time-of-Flight (ToF)

Dimensions 35 mm × 29 mm × 18 mm 20 mm × 48 mm × 40 mm
Field of view 3 degrees 0.5 degrees

Supply voltage 12 VDC 5 VDC
Supply current 50 mA average 135 mA average

Connector 15 pin DF13 8-pin connector
Weight 8 g 22 g

3.3. Installation

Full installation was completed for all components on the demonstration site. These
included weatherproof enclosures with appropriate windows and conduit wiring for
all sensors to interact with the main computer. The first set of components were three
overheight sensors with the Teraranger distance sensors and top camera (Figure 5). These
were further installed on the back of traffic signals to protect from wind and prevent
obstruction on the lights themselves. An additional enclosure was included, with the
sensor hub for vertical sensors, the camera, and an additional vertical sensor for one of the
lanes. Horizontal components were installed on both posts on opposite sides of the road,
facing the road at different sides to detect presence and height thresholds. On the same
and opposite posts, the loggers and power management were installed in order to collect
all data, process, and send it appropriately for decision making and logging. Camera feed
is also processed at these loggers. Additionally, solar panels and power converters were
installed on each logger in order to deliver power to the sensors and the modem used for
wireless transmission, satisfying all power requirements for continuous functionality.
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4. Results and Discussion

All sensors were calibrated and characterized using known values of distance to
street (ground with no car) and distance between poles. These were further compared
with thresholds to divide lanes (lanes 1 and 2 in this case) and height/presence. We
used the decision-making algorithm depicted in Figure 2 for two lanes, where they were
demonstrated to work using all installed components aforementioned. Further calibrations
and performance results were performed using empty streets and known values, including
lane width, street dimensions, distances between poles and distance between sensors. These
were also accounted for with variations in environment, field of view, and temperature
surrounding each sensor.

For monitoring, a remote VNC client was installed in the loggers. This was imple-
mented to access all data, images, and reports remotely from anywhere with an internet
connection. This also allowed for troubleshooting and code modifications without visiting
the installation site. An overview of the user interface is observed in Figure 6, showing all
raw data through a serial port and images as obtained continuously when the system is
running.
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All sensors are active at all times, including the camera for real-time monitoring.
Initially, horizontal sensor values are collected and averaged to determine the lane. This
includes filtering and averaging to avoid noise. This value is first compared to a presence
threshold, which indicates if there is a vehicle present in any of the two lanes being
observed. If this is the case, the averaged value is evaluated to the midpoint between the
two lanes (is the value higher or lower?) and used to determine in which lane the vehicle is
present.

When a lane is determined, vertical sensor data is used to calculate an average sensor-
to-vehicle distance. This is then subtracted from the calibration measurement (which is the
sensor-to-ground distance) to calculate average vehicle height. Figure 6 shows an example
of the data collected from a vertical and horizontal sensor within a small period of time.
The vertical data represents the time of flight time sensing from each distance sensor, in
milliseconds, and is used to calculate the vehicle height. The horizontal data, on the other
hand, is also a time of flight measurement which is used for the purpose of determining if
a vehicle is present and in which lane. Both sensors have been normalized to zero in order
to account for outlying data.

Once this data has been collected, we determine if the vehicle height exceeds a previ-
ously determined threshold, meaning that the vehicle is too high. If this is the case, height
data, along with vertical data and date/time are logged, and the warning signal pin will be
activated. This also triggers six camera frames to be stored in order to capture an image of
the vehicle being profiled. All sensor data for vehicles exceeding the threshold, along with
time-stamped images, are appended to a report that will be sent periodically or obtained
on-demand.

For each incident, height is calculated based on the average distance from the vehicle
to the sensor, when compared to the distance between the sensor and the ground. This
value is further used to categorize each vehicle based on its class. These classes include
compact, mini SUV, large SUV, and truck. With additional calibration and noise reduction,
the system is able to accurately show the height of each vehicle as it passes its threshold.
The sample resulting picture and the measured height can be observed in Figure 7, with
the clearest of the six frames taken saved. These samples include the time index used
to calculate the time of day, as well as the resulting height and category of the vehicle.
From the data shown in Figure 7, vertical and horizontal peaks determine both the height
and presence of a vehicle at a given time. The horizontal data, measures in milliseconds,
determines not only the presence of a vehicle in the sensor’s line of sight, but also in which
lane it is detected. Higher peaks translate to further lane intersections, with no detections
normalized to 0. On the other hand, vertical data is measured by the calibration value in
milliseconds minus the detected time of flight to a vehicle. This results in a time of flight
measurement directly related to the vehicle’s height.

With an arbitrary threshold set at 2000 ms, the vertical alarm was triggered in the red
regions observed above. A detection is logged if and only if both peaks are triggered at the
same time, as described in Figure 3, resulting in the two different instances aforementioned.
If only one is detected, however, the system considers it as noise and no detection is logged
or reported.

Other highlights to note include the collection of data based on distance to sensor
thresholds, upon which the algorithm logs the time/date of the data point and stores its
corresponding picture. Normalization of pictures being taken is implemented to save
storage space on the on-site computer, meaning that the camera will only take six pictures
when a presence threshold is activated, as mentioned before.

We added anti-crosstalk code due to repeated sensors placed for each lane or level
and enabled the command for the sensors which activates them one by one. There exists
negligible delay in signal acquisition so it should not affect the system functionality. Sample
resulting images and data were locally stored in the on-site computer to be sent in periodic
reports via email, text message, or other ways of communication using the LTE connection.
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Figure 7. Sample data obtained from vertical and horizontal sensors, identifying height and presence,
respectively (top). Intersection between both sensing subsystems indicates the system that a vehicle
profile must be logged. Resulting images and vehicle characteristics are then calculated and stored
(bottom).

5. Conclusions

An overheight vehicle detection and profiling system was presented in this paper.
With a modular approach, combining both horizontal and vertical sensors, the proposed
system can detect overheight moving vehicles in multiple lanes with enough time to capture
data and alert the driver to take the appropriate action before encountering an obstacle.
A demonstration system was installed for two lane overheight detection. This system
is fully functional, self-powered, and uses fast object detection for height and presence
profiling. Additionally, wireless communication and data storage were implemented to
store information and send reports to a central command. A rapid warning system was
additionally developed to alert the driver and prevent collisions.

Author Contributions: Conceptualization, G.Z.V., A.M.A. and J.-W.C.; methodology, J.-W.C. and
P.J.C.; software, P.J.C.; validation, P.J.C. and J.-Y.P.; investigation, P.J.C. and J.-Y.P.; writing—original
draft preparation, P.J.C.; writing—review and editing, P.J.C., J.-Y.P., J.-W.C., A.M.A. and G.Z.V.;
project administration, G.Z.V., A.M.A. and J.-W.C.; funding acquisition, G.Z.V., A.M.A. and J.-W.C.
All authors have read and agreed to the published version of the manuscript.

Funding: The authors would like to acknowledge the funding support for this research by the
Louisiana Department of Transportation and Development (LADOTD) through the Louisiana Trans-
portation Research Center (LTRC). Thanks to Waild Alaywan and Samuel B. Cooper III for their



Infrastructures 2021, 6, 91 10 of 10

support for this research. The High-Performance Computing (HPC) facilities at LSU were used in the
current study, this computer allocation from LSU is acknowledged.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Feldman, L.R.; Jirsa, J.O.; Kowal, E.S. Repair of bridge impact damage. Concr. Int. 1998, 20, 61–66.
2. Fu, C.C.; Burhouse, J.; Chang, G.-L. Overheight vehicle collisions with highway bridges. Transp. Res. Rec. J. Transp. Res. Board

2004, 1865, 80–88. [CrossRef]
3. Harries, K.A.; Kasan, J.L.; Miller, R.A.; Brinkman, R. Updated Research for Collision Damage and Repair of Prestressed Concrete

Beams. NCHRP Proj. 20-07. 2012. Available online: http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-07(307)_FR.
pdf (accessed on 15 July 2020).

4. Agrawal, A.K. Bridge Vehicle Impact Assessment. In Project# C-07-10; 2011; Final Report. Available online: https://www.dot.
ny.gov/divisions/engineering/technical-services/trans-r-and-d-repository/C_07_10_final%20report.pdf (accessed on 15 July
2020).

5. Nguyen, B.; Brilakis, I. Real-time validation of vision-based over-height vehicle detection system. Adv. Eng. Inform. 2018, 38,
67–80. [CrossRef]

6. Gupte, S.; Masoud, O.; Martin, R.F.K.; Papanikolopoulos, N.P. Detection and classification of vehicles. IEEE Trans. Intell. Transp.
Syst. 2002, 3, 37–47. [CrossRef]

7. Hanchey, C.M.; Exley, S.F. Overheight Vehicle Warning System in Mississippi. Inst. Transp. Eng. J. 1990, 60, 24–29.
8. Song, G.; Olmi, C.; Gu, H. An Overheight Vehicle-Bridge Collision Monitoring System Using Piezoelectric Transducers. Smart

Mater. Struct. 2007, 16, 462–468. [CrossRef]
9. Wei, P.; Cagle, L.; Reza, T.; Ball, J.; Gafford, J. LiDAR and Camera Detection Fusion in a Real-Time Industrial Multi-Sensor

Collision Avoidance System. Electronics 2018, 7, 84. [CrossRef]
10. Duberg, D.; Jensfelt, P. The Obstacle-restriction Method for Tele-operation of Unmanned Aerial Vehicles with Restricted Motion.

In Proceedings of the 2018 15th International Conference on Control, Automation, Robotics and Vision (ICARCV), Singapore,
18–21 November 2018; pp. 266–273.

11. Fraga-Lamas, P.; Ramos, L.; Mondéjar-Guerra, V.; Fernández-Caramés, T.M. A Review on IoT Deep Learning UAV Systems for
Autonomous Obstacle Detection and Collision Avoidance. Remote Sens. 2019, 11, 2144. [CrossRef]

12. Lidar Lite Operation Manual and Technical Specifications (v3). 2016. Available online: https://static.garmin.com/pumac/
LIDAR_Lite_v3_Operation_Manual_and_Technical_Specifications.pdf (accessed on 15 July 2020).

13. Terarange One. 2019. Available online: https://terabee.b-cdn.net/wp-content/uploads/2019/03/TeraRanger-One-Specification-
Sheet1-1.pdf (accessed on 15 July 2020).

http://doi.org/10.3141/1865-12
http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-07(307)_FR.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-07(307)_FR.pdf
https://www.dot.ny.gov/divisions/engineering/technical-services/trans-r-and-d-repository/C_07_10_final%20report.pdf
https://www.dot.ny.gov/divisions/engineering/technical-services/trans-r-and-d-repository/C_07_10_final%20report.pdf
http://doi.org/10.1016/j.aei.2018.06.002
http://doi.org/10.1109/6979.994794
http://doi.org/10.1088/0964-1726/16/2/026
http://doi.org/10.3390/electronics7060084
http://doi.org/10.3390/rs11182144
https://static.garmin.com/pumac/LIDAR_Lite_v3_Operation_Manual_and_Technical_Specifications.pdf
https://static.garmin.com/pumac/LIDAR_Lite_v3_Operation_Manual_and_Technical_Specifications.pdf
https://terabee.b-cdn.net/wp-content/uploads/2019/03/TeraRanger-One-Specification-Sheet1-1.pdf
https://terabee.b-cdn.net/wp-content/uploads/2019/03/TeraRanger-One-Specification-Sheet1-1.pdf

	Introduction 
	Methodology and Design 
	Design Overview 
	Sensor Determination 
	Wireless Communication 

	Experimental Setup 
	Implementation 
	Components and Devices 
	Installation 

	Results and Discussion 
	Conclusions 
	References

