AUTONOMOUS UNMANNED GROUND
VEHICLES (AUGVs)
Abstract
The contents of this report include the basic understanding of Autonomous
Unmanned Ground Vehicles (AUGVs) along with a brief description of the design
procedure required in order to produce a sustainable product for future
development. The report highlights a few innovations within this field of study that
have already been produced in the public or private sector or are currently under
production. Furthermore, novel innovations are included which may be
implemented in any future prospects of the design phase for any product in
development.

____________________________________________________
Introduction
Through the ages, the dependency of humans relying on controlling machines has
reduced drastically from factories where manpower has been replaced by robotic
arms and right through the way people commute from one place to another. Early
on, this included transportation devices such as trains, yet in the current day and
age, significant progress has been made in terms of dealing with self-driving cars.
Although, these are not fully automated, i.e., they still require some sort of human
interaction which is necessary for the user to input certain amount of data such as
the drop point for the vehicle to determine where it must navigate to, they have still
made a leap in advancements of technology ever since AI models have been in our
presence. These concepts come under the terminology of Partially Autonomous
Ground Vehicles. Similarly, there are other different types of vessels that are still
being developed.
An Unmanned Ground Vehicle (UGV) is a vehicle that operates while in contact
with the ground and without an onboard human presence. This type of vehicle is
controlled remotely. In the same context, an Autonomous Unmanned Ground
Vehicle (AUGV) or an Autonomous Ground Vehicle (AGV) is a vehicle that is

capable of sensing its environment and navigating from one place to another
without any human intervention [1].
The technology of unmanned ground vehicles is relatively new and the scope for
developing innovations in this field of research is extremely large. As discussed
below, the applications that this technology provides is very extensive, which makes
this a good field of study.

____________________________________________________
Theoretical Background
AGVs are run on a set path of code and as of yet, do not hold the capability to set
out on a mission where an end goal is not set or where a predefined route of any sort
(which includes either directions, range, terrain or weather) has not been provided
or integrated into the system. This means that AUGVs need to be told what to do in
order to carry out an application, however this may be used repeatedly throughout
its lifetime and if necessary, its route can be omitted in order to perform various
tasks. A key disadvantage that arises due to this is the fact that AUGVs are unable
to perform a variety of tasks that it has never done before or one that has not been
integrated into the software beforehand. This is the reason as to why AUGVs are
not flexible in terms of the amount of work they can do and hence their applications
are limited for the purpose that it has been built for. In short, an AUGV built for an
application can only be used for that particular application and cannot be mass
produced for the greater public sector.
Fig. 1 below shows the high-level design of the application for the Autonomous
Unmanned Ground Vehicle (AUGV). In order to remotely control the AUGV, both
the smartphone and the AUGV vehicle should be connected to an access point. From
there, the mobile application is able to access the vehicle through its IP address and
send actions to the vehicle. The AUGV will have a Raspberry Pi inside the vehicle
which will receive those instructions, perform the necessary actions and send
feedback that will be received and displayed on the mobile application [1].

Fig. 1: Basic Architectural Design of an AUGV [1]

AUGVs have a significant advantage when it comes to efficiency as they may be
used to replace the physical manpower required to carry out exhaustive tasks which
can get repetitive and mentally taxing. AUGVs are also run by code and have
extremely high accuracy when it comes to predicting what the machine is going to
do unless any technical issue arises which would not be expected to happen often.
The vehicles can be run for extensive hours without facing fatigue and reduces costs
in the long run and are extremely good investments for long term priorities.
One other significant drawback of these vehicles would be the requirement of a
signal connection which is required for the AUGV to carry out particular tasks. This
is harder to achieve for applications that do not use optical or magnetic lines for the
machine to navigate through and also applications where the workspace of the
AUGV is significantly large such as outdoor applications.
Table 1: Advantages and disadvantages of AUGVs [2,3]

Advantages
Reduces manpower
Reduced labor cost

Disadvantages
High initial costs
High maintenance costs

Increased safety
Increased accuracy and modularity
Increase in working efficiency

Not suitable for non-repetitive tasks
Decreased flexibility of operations
Functionality depends on constant
connection to a Wi-fi source

____________________________________________________
Current Products
Although they are limited by the flexibility of their work, the specific application for
these vehicles, however, are endless. An AUGV can be designed to perform any task
as long as it has been built for that purpose and it can be seen to operate in a
variety of sectors. The most common application of the AUGV can be seen in the
commercial sector at warehouses where transportation of heavy duty packages are
required to be made efficiently in the safest way possible. Many forklifts and cargo
bearing AGVs use various methods to allow the vehicle to move from one place to
the other and navigate easily.
The Laser Guided System (LGV) uses a laser positioning device mounted on the top
of the vehicle. Targets, located in its workspace, guide it. The navigation system
sends laser signals to the targets, which sends signals back to the navigation device
Three targets are required for the AGV to find its position. Corrections are made
every 30 to 40 seconds. By industry standards, LGV’s are incredibly accurate and
easy to install [5]. Another method for AUGVs to navigate is by using magnetic
tapes and optical navigation. The two techniques in terms of visual output are more
or less the same, where the vehicle follows a path which has been layered down on
the ground for the AUGV to follow. The tape induction system can be modified to
account for line changes. The sensor measures the distance from the centre of the
tape and sends the information to the controller to adjust steering and path so that
the AGV is always centred on the tape. Similarly, in optical detection pathways,
high-definition cameras are used to detect pathways which are highlighted in bright
colours that can be easily distinguished by the camera with respect to others and is
used as a path to follow, once this is done, a sensor measures the changes in
steering and ensures that the AGV is always at the centre of the guided path. The
use of these types of navigation methods are used in warehouse application AUGVs
such as shown in fig. 2 (b) and (c). These AUGVs are relatively simple and once the

destination has been reached, the remaining procedures take place with the help of
simple robotics using sensors and various kinematics designed by the engineers.
Fig. 2(e) displays a Roomba which is a vacuum cleaner used in households and
functions independently. Once the device has been turned on, the little vehicle
works on the principle of an optical sensor which rotates by a desirable amount
when it nears an object or a wall which it cannot move past. Whilst this is
happening, a vacuum from underneath sucks in tiny particles of dirt to clean the
floor or surface of the room. It also has sensors which restrict the vehicle to fall off
certain heights and ensures that the vehicle remains stable and safe in all
conditions.
Fig. 2(f) is an example of an AUGV which is used in agricultural fields for crop
cultivation, seed planting, fertilizing the soil, adding manure, etc. The working
principle is once again relatively simple for this case as the AUGV can either be
handed in code to follow a pathway which is followed every time it is set out to
operation. This is feasible as the geographical land topology will not change
drastically over time and the path can be set accordingly. Strips of light colours may
also be put down on the ground for the AUGV to be able to navigate appropriately
through the field.
In fig.2 (d), a 40 foot cargo carrier is displayed which consists of two radars, one in
the front and one at the back which helps with the navigation of the vehicle. The
AGV navigation system is based on the use of millimeter-wave radar sensors
detecting the range and bearing to a number of fixed known beacons located in the
environment. The central navigation algorithm is an extended Kalman filter that
exploits a model of the vehicle motion and radar observations to continuously
provide estimates of the vehicle location [6]. The navigation algorithm requires both
a process model and an observation model be defined. The process model describes
the motion of the vehicle together with any other parameters of interest. The
observation model describes how the observations that are made are related to the
location of the vehicle [6].

Fig. 2: Examples of Autonomous Ground Vehicles used for various applications [4,5,6,7,8,9]
(a: Top Left) Armed Unmanned Ground Vehicle (b: Top right) AGV package carrier (c:
Middle left) AUGV Forklift (d: Middle right) AUGV Cargo carrier (e: Bottom left)
Autonomous Vacuum Cleaner (f: Bottom right) Agricultural AGV

Finally, Fig. 2(a) represents an armed UGV which not necessarily suits the
description of an AGV but can be used as a good reference point in trying to recreate
an AUGV. Since this vehicle is controlled by a human via remote control, it cannot
be termed as a fully autonomous vehicle. This tank is used in the military sector
where it can be used in the battlefield and used to perform various operations such
as cargo shipment and is also planned to be used as a launchpad for lightweight
aircrafts that can be dispatched from any location when mounted on the UGV.

____________________________________________________

Design Procedure Flowchart

____________________________________________________
Design Challenges
While developing AUGVs, although the end goal might seem very attractive to the
user as well as to the fabricator, there come many challenges while designing such
an advanced vehicle. To start off with, a good percentage of the AUGVs are designed
to take on specific environments, however, these also include outdoor environments
where the vehicles travel on farms and fields in the agriculture and defence
industry. This means that although the AUGV is designed for that purpose, it is still
unaware of the environment that it will interact with immediately and there is no
guarantee that they will be able to navigate across new terrains. Modelling an
algorithm for this task in particular is quite complex and requires high level
knowledge in Adaptive control systems where the vehicle dynamics and tyres
function independently in order to get the vehicle from A to B to accomplish the
assigned task. This issue also arises as the weather can play a significant role in
contributing to the uncertainty of suspension, roll centre, traction of the wheels, etc
of the vehicle. In case of high-speed applications, adaptive traction control would be
necessary for the vehicle to be particularly stable in operations
The undulations of terrain also affect the way in which the motor or power supplied
to the vehicle must run. Fully Autonomous vehicles must be smart enough to
understand how much torque needs to be supplied to the motors in order to allow a
smooth transition from a steady to steep uphill climb, the likes of which are still
heavily under development and obtaining a self-sufficient vehicle is a challenging
task to model.
Fully autonomous vehicles also need to be smart enough to understand how much
fuel or charge it requires to get back to its home position in the case of low energy
capacities. There must be sufficient fuel left in the tank or charge left in the battery
to ensure a safe return to the initial position or the closest charging station after
which the vehicle may disconnect and discharge its energy once again to move on
forward for another journey.

____________________________________________________

Novel Conceptualization Ideology
With the right technology, the concepts that can be introduced into the modern
world with respect to Autonomous Unmanned Ground Vehicles are close to endless.
The following are a few ideas that may be worked on in the future:
● Asphalt laying AUGV: This would reduce the manpower and labour required
to operate a vehicle which is used to lay down asphalt on the road whenever
it needs to be repaired. A magnetic strip can be constructed along the path of
the road which can be used on a recurring basis and the vehicle would be able
to follow it while It lays down the tarmac in a slow and even manner. This
can significantly increase the quality of the roads built in.
● Material Sample detecting AUGV: The inspiration comes from unmanned
rovers which are sent to extra terrestrial lands for studying samples of soil
which can be procured and tested on the spot. The same may be implemented
in earthly conditions where micro-ground vehicles may be able to navigate
itself into creeks and crevices where humans cannot go or places where it is
inconvenient.
● Autonomous construction vehicles: Cranes used for construction sites have
become tremendously bulky, even with the evolution in the automotive
industry to consistently produce sleek and efficient designs for commercial
purposes. The incentive would be to reduce the size by completely
diminishing the space used for human control. AUGVs, as discussed before,
need to be fully autonomous and this also includes the operations carried out
by the vehicle and often, time consuming procedures may be carried out
extensively without breaks provided that the government regulations are
met.

____________________________________________________
Conclusion
The past few years have seen a significant rise in the development of Partially
autonomous ground vehicles and many applications can be seen in warehouses,
farmlands and the defence industry. Yet, the scope for AUGVs in terms of
application are close to endless and with the right developments and careful design
considerations, an AUGV can be designed for any application that is necessary.
However, these vehicles are mostly designed to only sustain within one particular

environment that it has been assigned to and also to carry out specific tasks which
makes the flexibility of such a system very low. However, the development of these
vehicles continues to grow and shows promising signs of a bright future within the
autonomous vehicle industry. The end goal of these vehicles must be a flexible
design which requires the least amount of human interaction and one that can carry
out multiple tasks by navigating itself in uncharted environments. Once this has
been completed, a truly and fully autonomous vehicle will have been developed
successfully.
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