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This paper presents a robotic platform of a cost-effective GPS-aided autonomous
guided vehicle (AGV) for global path planning. The platform is made of a mechan-
ical radio controlled (RC) rover and an Arduino Uno microcontroller. An installed
magnetic digital compass helps determine the right direction of the RC rover by con-
tinuously synchronising the heading and bearing of the vehicle. To ensure effective
monitoring of the vehicle’s position as well as track the corresponding path, an LCD
keypad shield was, further, used. The contribution of the work is that the designed
GPS-aided AGV can successfully navigate its way towards a destination point in an
obstacle-free outdoor environment by solely relying on its calculation of the shortest
path and utilising the corresponding GPS data. This result is achieved with a minimum
error possible that lies within a circle of one meter radius around the given destination,
allowing the devised GPS-aided AGV to be used in a variety of applications such as
landmine detection and removal.
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1. INTRODUCTION

Automated systems are an inevitable futuristic vision of human societal development [1-3]. A vital
determinant of any innovative infrastructure in such a vision [4] is the incorporation of autonomous guided ve-
hicles (AGVs). An autonomous guided vehicle (AGV) is a self-steering mobile robot which strives to achieve
its goals by maintaining an independently chosen course while navigating a complex and uncertain environ-
ment. Rather than acting upon constant human instructions, an AGV system plans proactively its course of
movement between two points by taking advantage of available data. Such data could have been gained from
previously experienced contexts or stems from currently incoming sensory streams. This subtask of the robot
is called ‘path planning’.

There are two architectures of path planning: reactive and deliberative [5, 6]. This paper presents a
deliberative mobile robot that belongs to the category of global planners. Our main contribution in this work
lies in the design and implementation of a cost-effective, integrated robotic system which can successfully nav-
igate its way towards a destination point by solely relying on its calculations of the shortest path and utilising
the corresponding GPS data. The implemented GPS-aided robotic system comprises several electronic devices;
namely, an Arduino microcontroller, a GPS, and a magnetic compass. The mobile robot finds the path between
two points in any open area and obstacle free environment (please see the supplemented video material). Im-
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portantly, the designed guiding mechanism and the deployment of the Longitude and Latitude parameters of
the destination point via Google Maps, enable the devised robot to achieve correct motion planning with high
accuracy. Specifically, the range of error lies within a circle of one meter radius around the destination point.
Furthermore, in case of intending to visit more than one destination at a time, the robot neither starts from
scratch nor it initialises the search for a new path once again. Rather, the robot orders the destinations with
respect to their coordinates and handles these destinations as waypoints in the provided path, visiting them
sequentially as it moves along the path to the final destination point. This is particularly efficient when having
a far destination point, and, hence, a relatively long path, for it would reduce the resultant error cumulatively.

2.  RESEARCH METHOD
2.1. Background study

Mobile robots are main testbed platforms of the current industrial revolution (Industry 4.0) [7]. For
robots to become able to move, several problems should be solved. Path planning is considered a fundamental
problem and is one of the most studied problems in robotics [8—14]. Research distinguishes between two
architectures of path planning: reactive and deliberative path planning [5, 6]. In the reactive paradigm, a low-
level control is implemented that produces an autonomous behaviour through a loop of sense-act couplings.
In contrast, an AGV system which operates in a deliberative fashion applies a top-down approach that enables
the robot to first sense relevant components of the operating environment, then plan its next step, and finally
proceed with the corresponding action [6, 15].

Other researchers refer to the reactive and deliberative planning architectures as local and global plan-
ners, respectively [9, 16-19]. Local path planning assumes no a priori knowledge about the environment.
Instead, the robot perceives existent environmental obstacles through the embedded sensors and generates its
path in real time with relatively low computational effort [20]. By contrast, global path planning utilises a
previously known map of the environment with all what it includes to generate a relatively safe path. Con-
sequently, algorithms within the class of global path planning converge for sure only in static environments.
Dynamic environments, however, require re-planning, which results in increased computational times for the
applied method.

2.2. Setup and hardware components

Different types of sensors and control architectures can be used in order to build automated systems
[21-23]. In the present work, a toy radio controlled (RC) car with two DC motors was used: one for the front
tires and another for the rear tires with dimensions of approximately 25 cm long, 11 cm wide, and 11.5 cm high
so that all the devices will fit on top of it plus the portable batteries to charge the devices along the ride. Setup
and hardware componentsas shown in Figure 1.

Figure 1. Setup and hardware components: (a) RC Car, (b)Front DC Motor, (¢) Rear DC Motor

The front DC motor in this car is a 9 Volt electric circuit which requires at least 3 Ampere to run. It’s
function is basically to rotate the front tires either 90 degrees to the left or 90 degrees to the right. We could
have used a servo motor. However, we opted for the DC motor to avoid programming complexity besides
cost issues. Importantly, the resulting difficulty in specifying the turning angle of the tires when using the DC
motor is engineered through an algorithmic solution. Such a solution will make the vehicle rotate in a smaller
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diameter enhancing accuracy as would be demonstrated later in the upcoming section. The other DC motor
powers the rear tires of the RC car and has the same technical specifications as the front one. The motors are fed
by relays that work as a controller which takes its input by an Arduino. Since the relays on the original RC car
were fixed and unadaptable to be plugged with an Arduino, they were replaced by two SainSmart 2-Channel
relays to control the front and rear motor.

An H-bridge circuit is sorted as the electronic circuit that empowers a voltage to be connected over
a heap in either heading. It is very common in the robotic industry especially for driving DC motors either
backward or forward. This circuit allows current flowing through it in both directions, and the H-bridge current
flow is controlled using the Pulse Width Modulation (PWM) protocol. This method is basically used to generate
an analog signal from a digital device. Figure 2(a) shows the assembled RC car with all previously described
digital and electronic components.
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Figure 2. Obtaining the robot’s current heading: (a) Assembled mobile robot, (b) Compass axes, (c) Erbil
declination point

2.3. The algorithm

For the robot to autonomously move to a specific location, it requires that at any point the GPS location
longitude and latitude can be taken from an online map (e.g., Google Map) and given to the robot. The robot
makes its calculations and moves towards its goal on the basis of the given points’ coordinates. Furthermore,
there are many other approaches and attempts applied for achieving an autonomous guided GPS robot project
as discussed in the section of background study. Our methodology, however, consists of a combination and
contribution of several electronic devices to provide the needed data in order to guide the rover precisely to the
destination. Figure 3 shows the algorithmic steps.

2.4. Obtaining the robot’s current heading

Figure 2(b) shows the 3-Axis (X, Y, and Z) digital compass (HMC5883L data sheet), which was used
to find the heading angle with respect to the magnetic north. The resulting value of the heading angle varies
from O (which is north) to 360 degrees. This helps overcoming the tilting issue. To explain, in case the compass
is held in a leaning degree of up to 45 degrees to right or left, having only X and Y magnitudes will result in
inaccurate readings (because the X and Y magnitudes are not aligned with the axes of earth’s magnetic field).
Hence, a third axis, the Z axis, solves the magnetometer problem of the compass leaning even up to 45 degrees.
From the numerals of axes X and Y we can find the current heading of the robot in degrees (from O to 360
degrees) by calculating the vector defined within values of Y and X and this is performed from the formula:

Heading = arctan2(y, x) (D)

This radians-based value is converted into degrees as follows:
Heading = (180 x arctan2(y, x))/m (2)
with m ~ 3.14. In case of obtaining a negative result we add 360. Moreover, to eliminate the difference

between magnetic and geographic (true) Norths [24], we add the value of the magnetic declination in Erbil, our
experimental place, which is 5.8 degrees (Figure 2(c)). Furthermore, we need to change this degree value into
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radians by applying the formula:
angle in radius = (angle in degrees x 7)/180 3)

then add it to the first Heading formula in radians before changing it into degrees. As a result, the final Heading
becomes:

Heading = (arctan2(y, ) + ¢) x 180/7 4)
where ¢ is the magnetic declination angle in radian. Using equations 1 to 4 the X, Y, Z readings which were
provided by the compass (10 readings each second) are transferred to heading in degrees from 0 to 360.

Start GPS and all
modules

-~ (" Allocate destination
> .
| points from Google map |

Obtain robot's
coordinates

(Calculate distance to the |
destination

v

(Calculate Bearing to the )
destination

Display calculated < ([ Calculate current )
data on LCD | Heading of the robot |

Robot

turns left

Negative

Y
Compare the Bearing and

Value Postive

What is

Heading difference to find the equals the Robot
correct turning angle toward Zero difference turns right
the destination point degrees? value?

Calculate distance Robot
to destination point pauses

Distance
<=1?

No
—i Drive forward <

Stop: robot reached
destination

Figure 3. Flow chart of the autonomous system
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3.  RESULTS AND DISCUSSION
3.1. Real-time experiments

To test the vehicle’s performance in real time, we set six points (Table 1) on the map by including
their coordinates in the sketched code manually (more points could have been taken) and the vehicle will move
autonomously toward them in sequence. Figure 4(a) shows the points marked a rectangular shape on the map
with longitude values shown against corresponding latitude values in Figure 4(b). Each point is approximately
10 meters away from the other on the map. A home point representing the robot’s initial position is marked
as point A. Other points with lexicographical labels B, C, D, E, and F are to be visited by the robot. Our tests
were done within the university garage at the University of Kurdistan Hewlér (UKH) in Erbil.

Table 1. Waypoints coordinates
Point Label Latitude Longitude

36.181453  44.006763
36.181552  44.006755
36.181510  44.006690
36.181446  44.006786
36.181373  44.006835
36.181400  44.006885
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Figure 4. Real-time experiments: (a) Marked points on the map, (b) Longitude against latitude

Once the RC car is placed at the initial point (A), pointing towards waypoint (B), it starts moving
within approximately one second. As a result, the GPS to observe its current coordinates and plots the longitude
and latitude on the LCD keypad. Importantly, this one second delay only occurs when initializing the receiver
of the GPS shield signal at the beginning. Moreover, longitude and latitude values can also be viewed on the
serial of Arduino IDE when it is connected to the computer through USB cable.

As per Table 1, the calculation of bearing and distance toward the first waypoint destination (B) will
take the coordinates of initial and first waypoint. But when calculating the distance and bearing for the second
waypoint destination, we take the coordinates of the initial and first waypoint, as the robot assumes we are at
the home waypoint when calculating toward the first point. To check the accuracy of the calculation in the
sketched code for both distance and bearing, we will take the route between A and B coordinates as an example
and compare the results to a trusted online website for calculating distance and bearing between two given
points called Sun Earth Tool website. Initial point to the first waypoint put into test in the website tool and the
following results were obtained in Figure 5(b). Compared with the readings from the GPS we got values on
the serial port as shown in Figure 6(a). When reaching waypoint one, the car will drive to waypoint two and
do the same process of calculation taking the reached point coordinates at waypoint one as a reference toward
the second waypoint and so on until reaching the last destination. The calculated values by the program as
shown in the figure above are very close to the calculation of the website tool within an error range of no more
than a meter distance and small error degrees regarding bearing. These calculated digits will be displayed on
the LCD keypad as shown in Figure 6(b). As presented in the figure above, the distance will be exhibited on
the first row the 7th character on the LCD, and Bearing value on the second row first character on the left side
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of the LCD. The first row on the first character the turning direction of the robot is displayed as seen on the
LCD and the heading degree is shown on the second row 8th character, plus exhibiting the waypoint number
that the robot is heading toward it on the top right hand first row 13th character. Just like the GPS coordinates,
the bearing and distance values keep updating and are plotted on the keypad in each loop (approximately 3
seconds) based on the new received data from the GPS shield while the rover is moving. In addition to the
coordinates, bearing and distance another vital statistic is required to guide the vehicle accurately towards the
destination point which is the heading of the RC car. The digital compass on the vehicle will calculate the
current heading of the car showing the direction of the vehicle and display it on the keypad as shown in Figure
6(b). The heading calculated by the compass while the car is moving and rotating keeps updating by providing
around 10 readings each second.

Format degress DMS  decimal DD ® coordinates @
eoo. dd [deg.dddddd , [dsg.dddddd @ 2
coardinates: [36.161463, 44.006763
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cooBdms: 41753°24"N12°20'31.2°E
disance  [fim km v

bearing [386.27  degrees

| Calculate Distance and Bearing |

| Calculate destination Point B |

(a) (b)

Figure 5. Accuracy of route calculation between initial and first points: (a) Initial and first points on the map,
(b) Distance and bearing from initial toward first waypoint on the website

3.2. Testing results of the autonomous system

As demonstrated in Figure 6(c), the driving accuracy of the robot was considerably high at most
of the attempts. The AGV directed itself accurately toward the waypoints within a maximum deviation of
approximately 2 meters to right and left from the straight path between the waypoints. Error rates correspond
to the discrepancy between the coordinate values of the waypoints that mark the rectangular shape in Figure 4
and those determined by the robot’s path over repeated testing of the robot’s performance.

In some of the trials the rover ran into a deadlock, as it overdrove or overturned the aimed waypoint.
This caused the rover to move around the same point for 360 degrees. As an average of all the tests, it took
the rover less than 10 minutes to drive throughout the 6 waypoints and reached an hour back to the home point
at the last destination. The error range recorded was within 1 meter circle around the destination point. The
batteries lasted for the entire time of testing (almost 2 hours).
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Latitude= 36.181453
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Waypoint: Way cne.
Way one Lat= 36.181552
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Figure 6. Testing results: (a) Obtained calculation from the robot’s initial point (waypoint A) toward first point
(waypoint B), (b) LCD keypad display showing calculated data, (c) Robot path error rates
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4. CONCLUSION

In this work we demonstrated how to build a functional autonomous guided vehicle (AGV) with low
budget based on a GPS receiver and a digital compass. Despite the variety of industrial applications AGVs can
be used in, our work was motivated by the idea of developing autonomous robots that could be deployed in the
removal of landmines in Kurdistan Region, the place where this work was achieved. The high performance and
cost-effectiveness of our AGV was constructed by using an Arduino microcontroller [25], GPS and installing a
digital compass on a simple modified radio control car chassis. Not only did we design a regular rover driving.
But we also built a prototype of a smart self-guiding car that can calculate the shortest path and by using the
heading degree it drives its way through pre-programmed waypoints on the map. With such a prototype of
our GPS-aided AGV we could achieve a considerably high driving accuracy at most of the tests. The error
range recorded was within one meter circle around the destination point. Importantly, our design provides
other researchers further possibilities to improve performance and accuracy of the presented GPS-aided AGV
by considering contextual changes so as to help switch between paths [26, 27], or by applying certain filtering
techniques on the GPS signal received such as Kalman filtering or Real Time Kinematic-Differential Global
Positioning System (RTK-DGPS) [28].
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