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Traditional crossroads use traffic lights, but may cause delays due to its stop and wait
process. Moreover, autonomous vehicles are being made, although it is not yet mass-
produced. This work presents a design and implementation of an agile system that
communicates and coordinates autonomous vehicles entering the intersection by adjusting
their speeds and maneuvers to avoid collisions, allowing them to weave and pass through
intersection traffic and avoiding them to completely stop, leading to an increase in the
throughput of the intersection, and therefore reducing congestion. A centralized computer
implements agile communication and controls the system based on a first-come-first-served
policy. The hardware implementation emulates four prototype vehicles modeled as radio-
controlled cars integrated with an ultra wide band (UWB) localization technology. The cars
were used to simulate the passage without collision in a typical four-way intersection. Pozyx
UWB modules were chosen for tracking the vehicles due to its compatibility with Arduino
as well as its numerous other functionalities and accuracy relative to other indoor-
positioning systems. Results show that Pozyx could track autonomous vehicles. The study
resulted in a system that can control self-driving cars through the intersection with key
measures. Moreover, the characterization of Pozyx in this hardware implementation was
observed.

1. Introduction

vehicles better but not necessarily safer for drivers [2]. Accidents
increased when traffic signals were introduced, and these devices

Traffic problems have risen with the increase in vehicles,
users, roads, and crossroads. Numerous traffic delays and
accidents occur in various locations, and one of the most
concerning of these is crossroads. Smith [1] said that almost forty
percent (40%) of all crashes in the United States involves
crossroads, and about 165,000 accidents occur annually in
crossroads caused by red-light runners. Crossroads are designed
to lessen accidents, traffic congestion, and increase efficiency, but
these become a source of problems. Erring drivers, vague
navigation signs, and blind curves are some of the reasons for
these. Although the installation of stoplights and various signs at
crossroads are seen as solutions to these problems, these devices
have not been as effective. These devices are not so good for
traffic calming, and this meant that these may make the flow of
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are not the solutions to less dangerous roads [3]. Proposals to
solve these problems include the introduction of autonomous
vehicles (AV) and intelligent intersection management, but there
have been very few implementations in actual situations.
Communication between AVs and road infrastructure is also
important to ensure road safety [4]. Moreover, AVs can be
enhanced to intelligent vehicles by adding high technology
features like efficient 3D road map exchange in real-time for
navigation and localization [5]. The study plans to address the
problems of accidents and traffic congestion at crossroads using
prototype AVs with attached Pozyx whose speeds and turns are
controlled by a centralized control communications system.
Pozyx [6]-[10] modules are ultra-wide band-based devices for
localization. In this paper, vehicles are referred to as autonomous,
which is also known as self-driving cars. The use of Pozyx was
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also characterized in terms of accuracy and delay for tracking and
localization of AVs.

In crossroads, vehicles must coordinate their movements to
pass through without collisions. In an ideal situation, vehicles
would only have to accurately adjust their speed and direction to
create a sufficient duration for the intersecting vehicle to weave
through without stopping. Furthermore, the vehicles should be
able to process and execute these maneuvers with high precision
and minimal delay to avoid collisions. Unfortunately, the current
system in crossroads is traffic light-based where vehicles have to
stop and wait for intersecting vehicles to pass. Vehicles are
needed to stay idle when their road is asked to stop, interrupting
their journey. At present, almost all vehicles are operated by
humans, but in the future, the proliferation of AVs can be seen,
and this is the context of this study. The focus of this paper is on
the use of Pozyx for communication and localization of
autonomous vehicles through a central computer system so that
they can pass in crossroads without collision.

This research on autonomous intersection management helps
address traffic-related problems and congestion at crossroads. The
modified and programmed autonomous vehicles would be able to
adjust their speeds at crossroads without stoplights resulting in a
more efficient flow of traffic and a decrease in traffic congestion
and accidents. The software algorithm in the centralized system
determines the speed of each car passing the crossroad and
calculates the appropriate angle of turn for each of these vehicles
so that collisions would be avoided. The centralized system
communicates with each of the vehicles to allow the flow of
traffic at crossroads to be orderly and continuous, and thus, would
save time. With the increase in research about autonomous and
intelligent vehicles, this study is an add-on with its contributions
such as agile control software for collision avoidance of AVs
using a first-come-first-served (FCFS) tile-based approach with
graphical user interface (GUI), and its hardware adaptation of
collision avoidance in small-scaled miniature AVs with attached
Pozyx for tracking and localization.

It is assumed that connection quality between the vehicles and
the central computer is ideal in this study. The crossroad is also
assumed to be initially free of obstacles such as foreign objects
and road hazards. Four scaled-down controllable vehicles running
simultaneously in a four-way two-lane crossroad utilizing a
clover-shaped track free of obstacles were included in the scope
of the hardware implementation. Moreover, the scope of the study
includes a control system that monitors the velocity of the vehicles
and performance measures of the system through its vehicle
throughput. The study is delimited by the following: human-
driven vehicles are not factored in, the vehicles do not abide by
the SAE Level 5 definition of driving automation [11], and the
cars cannot recognize foreign obstacles which are any object that
is either not an element of the track or another object not running
as part of the system.

The system has two main parts: the software algorithm and
hardware control system. Its overview is illustrated through a
block diagram shown in Figure 1. The system is described as agile
since it is meant to quickly react and adapt to vehicles entering the
crossroad and managing it according to the other vehicles.
Moreover, it is then described to be collision restrained as it would
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avoid letting cars collide in the crossroad. This means that if there
are multiple vehicles with current trajectories expected to collide,
the algorithm adjusts their velocities to avoid this potential
outcome. The software runs the crossroad algorithm and the
communications interface. The control communications system
deals with the controllers of the scaled-down motorized cars
which are referred to as ‘vehicles.” The microcontrollers would
have their own wireless communications module that uses either
Bluetooth or Wi-Fi. Moreover, the tracking and location features
were added through Pozyx. This control communications system
is responsible for taking in data from the different sensors of the
vehicle and relaying the information to the agile control
communications. They also control the motors for the instructions
sent back. The actual hardware of the project is focused on the
vehicles and their sensors.

The system is tested to measure its vehicle throughput. In each
trial, the authors adjusted the number of vehicles active and
running on the track to change the load on the crossroad. Varying
the load on the crossroad would account for real-life situations
such as rush hours. The recorded delay is the time it takes from
sending a reservation request to exiting the crossroad. They then
adjusted the average speed of the cars and then further recording
the delay of the cars, as well as the chances of collisions. Using
the data gathered from the trials, linear scaling was performed to
see how the data would project to real-world cars and crossroads.

This paper is organized then as follows. Section 2 gives further
details of the design of the overall system, and its corresponding
components. Section 3 provides the results of the design, and
lastly, Section 4 concludes the paper with recommendations for
future work.
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Figure 1: Block diagram of the control system.

2. System Design and Methodology
2.1. Pozyx

Pozyx is a UWB-based real-time location system utilizing both
hardware and software to be able to provide accurate positioning
information with an advertised accuracy of up to ten (10)
centimeters compared to other traditional indoor location tracking
systems, such as Wi-Fi or Bluetooth which are accurate within
several meters [6]-[9], [12]. This localization is achieved through
the use of UWB technology combined with smart filters as well
as machine learning, thus, allowing positioning to be done even
in indoor environments without a clear line of sight to the
reference points. To obtain precise and accurate positioning, two-
way ranging is done between the Pozyx tag and at least three
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reference points, or Pozyx anchors, followed by trilateration.
These anchors are ideally spread out as much as possible and
placed at the corners of the space in which location tracking will
be performed to get the most reliable data. The anchor may be
reprogrammed to work as a tag as well and does not need an
Arduino to function as it is designed to operate on its own.

The Pozyx tag is an Arduino compatible shield which makes
use of Pozyx anchors to provide accurate positioning as well as
other types of data such as its orientation using its 9-axis inertial
measurement unit. It is also equipped with different sensors along
with a UWB transceiver based on the DW1000 UWB-chip from
Decawave which, in addition to performing ranging, can also be
used for wireless messaging. Figure 2 displays the pinout of a
Pozyx tag, whereas Figure 3 for the anchor. Pozyz interfaces with
Arduino through 12C communication. It can also interface with
Raspberry Pi through a micro-Universal Serial Bus (micro-USB).

inout [6]

Figure 3: Pozyx Anchor Pinout [6]

For this study, Pozyx was chosen to be the basis for tracking
the RC Cars due to its compatibility with Arduino as well as its
numerous other functionalities and accuracy relative to other
indoor-positioning systems. In addition to being easy to set up for
most indoor environments, it also provides different possible
configurations to optimize its performance to meet the desired
need whether it be accuracy or speed. Figure4 provides
visualization on how the location of a Pozyx tag is obtained about
the anchors as well as to the Master Pozyx tag. It may be seen that
each Pozyx tag does not automatically provide its location as it
only does so when it is asked first. Once asked, it will then
calculate its location using the four Pozyx anchors as a reference
at which point, the tag then finally sends its position data back to
the Pozyx master.

2.2. Arduino Uno

The Arduino Uno acts as the brain of the RC car as it
processes commands received through Bluetooth as well as
utilizes the connected Pozyx tag to perform the necessary
maneuvers to ensure that it follows its intended path.

WWwWw.astesj.com
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Figure 4: Pozyx Block Diagram
2.3. Radio-Controlled Car

A Radio-Controlled (RC) car is a battery-powered model car
which can be controlled by remote control, mostly done through
radio, hence, the term “’radio-controlled”. These RC cars represent
a scaled-down model of real cars. A typical RC car has a receiver
that captures radio signals from its remote control. To simulate
the algorithm and adapt it into hardware, RC cars are used. In this
research, the cars were modified by adding different modules to
their parts. A location module is added to track the car’s position,
and the RC communication is replaced with a sophisticated
communication module. A microcontroller is added to manage the
modules and control the car. The movement of the RC car is
driven by motors. A motor driver is used to interface the
microcontroller and the motors providing motion to the RC car.
The motor driver in the system is powered using a power bank
separate from the microcontroller circuit. The motor driver chosen
for RC cars was the 2-Channel Tiny DC Motor Driver from e-
Gizmo based on Allegro’s A3906 low voltage dual DC motor
driver IC.

2.4. FCFS Software

The tile-based first-come-first-served  (FCES) policy,
developed by Dresner and Stone [13], is the basic reservation
system. ACC applies the FCFS approach for the reservations of
vehicles, meaning that vehicles that requested a reservation will
be entertained first. When another vehicle requests for a
reservation, it will be checked first from vehicles that had made
successful reservations earlier. A centralized computer provides
coordination by communicating with AVs and managing their
reservations. When a vehicle sends a request, the ACC simulates
as if the vehicle will pass through the intersection. The reservation
is tile-based, in which collisions are detected if a vehicle occupies
a tile reserved by another vehicle. If at least two vehicles occupy
the same tile, which would result in a collision, the request is
rejected. Otherwise, it is accepted. The significance of adopting
the FCFS is its versatility because it can be extended to be used in
many different purposes in autonomous intersection management.

2.5. Car Simulation

The car runs on a program independent of the ACC. For
reservations to commence, the car software and the ACC, which
employs the FCFS algorithm, must exchange information. The
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ACC follows the principle of Autonomous Intersection
Management [14]. The simulation of the cars would maintain
minimal communication complexity. After the reservation, it is
the responsibility of the car to meet the reservation at the correct
time and place.

2.6. Pozyx in RC Car

In modifying the RC car, an Arduino was added. The Arduino
was interfaced to a Bluetooth Module through Universal
Synchronous-Asynchronous Receiver-Transmitter (USART), and
two motor drivers that power the motors. Two 5 V, 3600 mAh
power banks, energize the Arduino and the motors. Moreover, a
Pozyx tag is attached to the Arduino, which communicates with it
through I2C. It does the job of accurately locating and tracking
the cars through UWB. The Pozyx localization system employs
four reference anchor modules, with one of the anchors interfaced
with an Arduino that is connected via a serial interface to a
computer that runs the simulation software. The Pozyx tag relays
the location of the car where it was attached. It also orients the car
at an angle from 0° to 360°. The Bluetooth BLE HM-10 module
receives commands which the Arduino module then decodes. The
decoded instructions determine which of the two motor drivers
activates the corresponding motor driver depending on the
received instruction. The two motor drivers present in each RC
car are responsible for controlling both its steering and
acceleration depending on the instruction decoded by the Arduino
with one motor driver handling the steering motor and the other
handling the throttle motor. The components are interconnected
as shown in the block and circuit diagrams of the RC car
illustrated in Figure 5 and 6.

Pozyx tag Motor Driver 1 |——3  Throttie Motor

> Arduino Uno

HI4-10 Bluatooth

Modula Mator Driver 2

¥ Steering Motor

Figure 5: RC Car Block Diagram
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Figure 6: RC Car Circuit Diagram
2.7. Communication Protocol

The communication protocol is the medium at which the
software running on the computer can interface with the Pozyx
modules as well as issuing commands to the AVs. The study has
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opted to make a standard protocol that handles the execution of
functions as well as sending data to and from the central computer
software and the hardware controllers. Although there are several
uses for the protocol their format is similar regardless of whether
they are between the data collection of the Pozyx or the command
issuing for the cars. Between the computer program and the
connected microcontrollers that handle Pozyx and Car
communication, the format of their messages are as follows:
preamble, length, message type, and data. The preamble is a
predetermined set of bytes used to indicate to the receiver that a
message is incoming. Next is the length byte. It is a single byte
used to indicate the length of the entire message. This can vary
depending on the number of bytes used for sending data if
applicable. Additional details can be found at [6].

2.8. Scaling Method

The method used to establish the scaling between the RC car
and an actual vehicle is based on the turning radius of the RC car
instead of its dimensions. This is because it was observed that its
steering angle is much larger than that of life-sized cars which
resulted in the RC car taking wider turns than what was expected
based on its dimensions. As a result, the dimensions of the test
track are based on the turning radius of the RC cars, the resulting
dimensions of the car, as well as its speed in simulation, would be
proportional to the ratio between its turning radius and the average
turning radius of most common midsized passenger cars today of
17 feet or 5.18 meters [15]. After the computation based on
Equation 1, a scale factor of 15.94 was obtained. The scaling
process is illustrated in the block diagram in Figure 7.

actual turning radius (1)

scale factor= - -
RC car turning radius

Scaled-up car speed

Average turning
radius of lile-sized
cars

Scaled-up car
dimensions

Scale Factor

Tuming radius of RC
car

Scaled-up track
dimensions

Figure 7: Scaling Process Block Diagram
2.9. Materials
The materials used are summarized in Table 1.

Table 1: Materials

Component Quantity
Arduino UNO 4

Pozyx developer tag

Pozyx creator anchor

3600 mAh power bank
2-Channel Tiny DC Motor Driver
RC Car

HM-10 BLE Module

o | |w|oo|n|w
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2.10.  System Block Diagram

The entire system block diagram is shown in Figure 8. The
inputs of the system are user interface (UI) inputs, track
dimensions, and car initial states. The center shows the various
processes that run in the software which process all the data from
the inputs and produce the corresponding outputs. The main
outputs which correspond to the key measures of the project are
UI output, car motion, number of collisions, and duration in the
crossroad.

INPUTS QUTPUTS

Carintial Stata 3 CarStalesl)  — Ul Qutput

(Coontinates and Crientascn

] steerng ang speed
Control

o L Mator Corairar || |
Treck Dimensians Eacn Car > CarMalion

Ul Inputs atance /Denia v Mumiber of Collisions
- Crocsiad
Resenvalion and

Traflic Control

—a-buraton in Crossnosd)

Figure 8: System Block Diagram

Motor Driver 1

Figure 10: Scaled-Down Model Car Side View

3. Results, Analysis, and Discussions
3.1. Prototype Car

The resulting scaled-down model as shown in Figure 9 is
twenty (20) cm in length and five cm wide, as it small enough to
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not require a large test track while big enough to mount all the
components needed. The car was able to fit all the components in
its shell but would likely negatively impact the Pozyx tag’s
connection to the nearby anchors due to the shell preventing a
good line of sight. Discovering that Pozyx had more accurate
results if it was elevated higher from the ground, long thin sticks
were used to prop it up. The car goes through different types of
movements and vibrations during testing, and thus, the
components and their connections to each other must be secured.
Therefore, connecting wires to motor drivers must be directly
soldered, as seen in Figure 10. The motor drivers and power banks
were also attached. The resulting characteristics of the four
prototype cars are shown in Table 2. With the same throttle level,
the four cars have different speeds. This variation in average
speeds is less than ideal when compared to the perfect scenario of
having all four cars perform the same at each throttle level. It was
also observed that the measured average car speeds on later trials
were generally slower compared to the earlier trials. This
indicated that their speeds decrease as they are used due to the
car’s power banks being discharged.

Table 2: Car Speed Characteristics

Throttle Level Car 1 szr:f ; Spezir( I;/S) Car 4
100 1.456 | 1318 | 1.281 | 1.486
90 1.394 | 1.235 | 1.218 | 1.398
75 1.09 0.942 | 0919 | 1.222
60 0.878 0.57 0.722 | 0.985
50 0.618 0 0.294 | 0.666

The four prototype cars running simultaneously in their
physical track with specified dimensions are shown in Figure 11.

Figure 11: Test track
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Figure 12: Graphical User Interface
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Pozyx Status: Not Connected

3.2. User Interface for the Control

The graphical user interface (GUI) of the system provides the
users with an easy way to set up and initialize the hardware and
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setting up the parameters for each test case. The latter function
specifically assigns the initial locations of the car as well as injects
them with the turn maneuvers that they will execute later during
run time. As shown in Figure 12, the GUI window is divided into
three sections, Pozyx Communication, Test Case, and results.

3.3. Control Capability Results with Pozyx

Pozyx is used to locate and track cars in real-time. It gives
position and orientation to the system which helps it determine the
speed and steering required by each car in the track. One of the
most important functionalities of the Pozyx is providing the
software program with real-time accurate position and orientation
for the program that determines the speed and steering for each
car in the track. However, the Pozyx updates are too slow in
comparison to the speed of the cars reducing the accuracy of
tracking the cars as they cross the intersection. The issues
encountered with the Pozyx are about location accuracy and delay
in updates. The company that sold the Pozyx modules listed a
location accuracy of 5 to 10 centimeters while the update rate for
each tag was 16 milliseconds. However, the data obtained in the
study did not match these characteristics, leading to numerous
problems in the performance of the system and the run of each car
in the track. The authors performed tests using one Pozyx tag at a
time followed by multiple tags to determine the accuracy of Pozyx
and the consistency of its performance. The important factors that
were observed were the accuracy and delay in the results provided
by Pozyx. For each test, the Pozyx tags were placed in a location
within the Pozyx anchors. The location provided by Pozyx was
compared to the actual location to evaluate the accuracy of Pozyx.
Fifteen tests were performed for one Pozyx tag at a time, while
one test was performed that used four Pozyx tags simultaneously.
The authors were able to note some issues regarding the Pozyx
accuracy by testing the Pozyx tags. In the tests done for one tag at
a time, the error for accuracy showed a range of 10 to 40 cm, and
there were some cases where the delay reached more than a
second between updates. There were also cases when no data
location was shown for an update, and some of the location data
freeze between updates. It was observed that there was a different
location for the tags in each test. These location points were
chosen based on critical points that tested the functionality of
Pozyx in terms of accuracy in data location. Moreover, the test
was done on four tags and the delay was more than 0.2 seconds
and the error is from 20 to 50 cm for some tags. The graphs of the
differences and deviations are shown in Figure 13 and Figure 14,
respectively. In the system, accuracy and delay are very important
factors in determining the speed and steering for each car. Hence,
when the system receives location data that is not accurate, there
will be many problems in the performance of the system and
movement of the cars. In addition to receiving larger location
inaccuracies than was expected, there were also numerous
instances of outputting negative location values implying that the
tag being located was out of bounds when it was not in reality.
This can be seen in Figure 15 wherein Pozyx outputs Y
coordinates that are nearly half a meter off in some instances from
its true value of 300. Frequent positioning errors as shown in
Figure 16 can also have a severe impact on the system in terms of
adding to delay as it takes more than a second for Pozyx to recover
from the aforementioned error and report a more accurate value.
This is further exacerbated when four Pozyx tags are being located
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simultaneously as the already large average delay between
updates of 200 milliseconds is made worse due to even larger
delays between updates.

aaaaaaaaaaaaaaaaa

—e—-
o v

Diference ()

Figure 13: Pozyx Inaccuracies by Differences

Pozyx Inaccurac ies

Figure 14: Pozyx Inaccuracies by Deviation
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Time: 5523 POS ID Oxe743, x{mm): 5207, yi{mm): -227, z(mm): 0
Time: 5573 POS ID 0x€743, x{mm): 5172, y{mm): -213, z(mm): 0
Time: 5623 POS ID 0x€743, x(mm): 5151, y({mm): -204, z({mm): 0
Time: 5671 POS ID 0x€743, x(mm): 5111, y({mm): -157, =z(mm): 0O
Time: 5722 POS ID Oxe743, x{mmj: 5011, y{mm): -35, z{mm): O
Time: 5770 POS ID 0x6743, x{mm): 4916, y{mm): 73, z{mm): O

Time: 5820 POS ID 0x€743, x(mm): 4%64, yi{mm): 13, z{mm): 0

Figure 15: Pozyx Negative Values

Time: 5193 POS ID Ox6743, x({mm): 2523, y(mm): 2492, z(mm): O
ERROR positioning on ID 0x6743, error code: Ox0
Time: 6273 POS ID Ox€743, x(mm): 2535, y(mm): 2498, z({mm): O
ERROR positioning con ID 0x6743, error code: Ox0
Time: 7351 POS ID (Ox6743, x(mm): 2556, y(mm): 2505, z(mm): O

Figure 16: Pozyx Delay

4. Conclusions and Recommendations

This work involves software design and hardware adaptation of
collision avoidance of autonomous vehicles simultaneously
crossing an intersection. Hardware implementation was done by
using small-scaled RC cars with attached Pozyx where test cases
were done. The accuracy of the Pozyx was tested and verified.
Upon running the various test cases to verify the system with
different car placements and maneuvers, it was observed that the
Pozyx module had issues in location accuracy and delay between
updates that impede in determining the accurate location of each
car in the track.

Recommendations include incorporation of machine learning
in AV and autonomous intersection management, implementation
of software simulation in different programming languages, an
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extension of hardware implementation on large-scale vehicles,
and to some extent, real vehicles and crossroads. Moreover, it is
suggested to wuse uninterrupted, fast, and accessible
communication technologies. Communication among AVs with
the central computer system can be extended by using accurate
and efficient road map data exchange and cloud databases.
Expanding the model of the car's movement from linear
acceleration to a more dynamic model would greatly improve the
accuracy of the resultant predetermined coordinates, and
consequently, more appropriate car commands. Besides, more
sensors that can keep track of attributes not necessarily related to
motion would be a useful feature.
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