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Abstract 
In a bid to stay relevant and help cater for global market needs, production 
and manufacturing industries have had to continuously automate majority of 
their work processes, thus calling for the need to introduce robots at the work-
place. These robots may be human-controlled or autonomous, of which the 
most common types are articulated robots, humanoids, cobots, and hybrids, 
Autonomous Mobile Robots (AMRs), and Automated Guided Vehicles 
(AGVs). The advent of these industrial robots has brought about the replace-
ment of human labor as operations are now automated and human interven-
tion is made very minimal. In the modern workplace, robots are basically used 
for processes like welding, material handling, transport, dispensing, assem-
bling, finishing etc., to mention but a few, including the inspection and glean-
ing of structures and equipment. In this paper, to analyze the potentialities of 
hazard at the workplace even with increased robot presence or automated pro-
cesses, research was carried out on previously traditional and crude processes 
which were then automated or had robots introduced into the task execution 
procedures. This paper has primarily focused on Automatic Guided Vehicles 
(AGVs). Also, annual robot accidents were studied with respect to different 
industries such as Aerospace, Automotive, e-Commerce, Electronics, Manu-
facturing, Food and Beverage Preparation, Healthcare, Pharmaceutical, Qual-
ity Control and Inspection, and Warehousing and Distribution on a case-by-
case basis and it was deemed that a case study on the use of Automatic Guided 
Vehicles (AGVs) is common to all and can be studied. Countermeasures are 
then provided. The paper then goes on to address some other potential haz-
ards, the place of OSHA (Occupational Safety and Health Administration) and 
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other Standard Organizations. Data from researchers portray that robot inju-
ries and accidents have been on the rise recently and have not been stable. The 
incorporation of robots into the modern workplace presents its own risk and 
can be mitigated or avoided, but still cannot be completely eliminated even 
though advantages are a lot more than corresponding demerits. It is seen that 
whilst automated processes pose increased productivity and competitiveness 
of the company employing them, there is still the potentialities of experiencing 
hazards in a typical robotic industry. However, the place of occupational safety 
cannot be overemphasized and thus can help limit or eliminate a vast majority 
of them. 
 

Keywords 
Robotics, Occupational Safety, Automatic Guided Vehicles, Automated 
Processes, Robots 

 

1. Introduction 

There has been a widespread use of robots and automation in the workplace ever 
since the first assembly lines were developed. Production and manufacturing are 
being revolutionized by the massive application of new technologies as a result of 
the increase in demand from end-consumers, quality requirements, and manu-
facturers are being forced to respond to them. The relevance of robot-monitored 
processes and operations in the areas of food processing, healthcare, pharmaceu-
ticals and general production and manufacturing cannot be overemphasized. It is 
also not surprising that robots have even taken over a large number of tasks in-
cluding the financial side of things. This is hugely due to the fact that robots do 
not get fatigued easily and do not get injured, and neither do they need vacations. 
However, the fact that robots and workplace automation might pose a hazard to 
surrounding workers and operators is of concern. Yes, it is an indubitable fact that 
the use of robots in the modern workplace has contributed to an unprecedented 
improvement and increase in health and safety but robotics nevertheless still has 
its own associated risks and hazards that may potentially affect a competitive work 
environment. Guidelines and requirements have been put in place with respect to 
owning and operating autonomous systems while simultaneously assessing the 
risks and hazards in the operations of the same. Generally, increased growth and 
improved standard of living in the United States and across the globe have been 
observed since the end of the last century and aided recovery from the Great Re-
cession (a period of marked general decline observed in national economies glob-
ally that occurred between 2007 and 2009). According to Jorgenson, Ho and Sam-
uels [1], the observable growth is greatly attributed directly to the innovative ideas 
brought up by industrial firms and indirectly via the impacts of the technological 
innovations on traditional sectors. 

To realize a competitive workplace and achieve the goal of increasing produc-
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tivity, the transformation of firms into automated companies as surveyed by 
Kraus et al. (2019) [2], requires a good deal of entrepreneurial transformation, 
both for start-ups and already established firms. In the current setting of the new 
industrial revolution, it is becoming more and more crucial to assess the effects of 
implementing one of these types of digital transformation including the usage of 
industrial robots and process automation. Despite the fact that many businesses 
are keen to implement new technologies in order to boost productivity, several 
worries have been expressed over the cost-impact of the transformation, and its 
effect on the workforce (for example, Acemoglu & Restrepo, 2019 [3]). In this 
paper, we will take a look at the trends in robot use at workplaces, different robot 
types, safe robot practices that can be implemented at workplaces with a case study 
on Automatic Guided Vehicles. The case study uses the Preliminary Hazard Anal-
ysis (PHA) method to identify these hazards and attempts are made to bring down 
the severity of these hazards whilst determining the potentialities of their realiza-
tion. Next, we discuss the roles of certified organizations in robot use and occu-
pational safety, as well as the observable data from the United States Department 
of Labor addressing robot accidents. 

1.1. Robot History 

The basic characteristics of robots in that they are reprogrammable, manipula-
ble and multi-functional have served as a motivation and fuel for the Industry 
4.0 and Internet of Things (IoT) concepts [4]. Overtime, the design and use of 
human-like devices which are able to imitate the functions, behavior and move-
ments of a normal human being has piqued the interest of mankind. The term 
“automatos” which has its source from the ancient Greek civilization was used 
to refer to such devices. For many centuries, a number of inventors including 
Leonardo da Vinci to the loom of Jacquard (in 1801), Albert the Great (1204-
1282), and Roger Bacon (1214-1294) created “automatons”, to mention just a 
few, created so many human-inspired art works and designs which portrayed 
human-like machines. The automaton is usually considered to be the forerunner 
of modern industrial robots. Research progressed and the first programmable 
industrial robot came to life from the hands of a group of adventurous and skill-
ful men led by George Devol [5] although his counterpart Joe Engelberger is 
often referred to as the Father of Robotics [6]. Their efforts led to the setup of 
the first and largest (for years) robotics company (Unimation, Inc.) in the world. 
This literally infers that the innovations and actions of this company served as 
the pioneering efforts geared towards the realization of robot development. It is 
understood that the company ironically went all down in less than 30 years ac-
cording to the book written by George Munson and edited by Leslie Ballard ti-
tled “Pity the Pioneer: The Rise and Fall of Unimation, Inc.”, which is being 
prepared for publication. 

1.2. Concept of Robotics, Types, and Classification of Robots 

The term “Robots” since the time of its first use had always meant different things 
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to different people. And there is no doubt that scientific fictions, books and even 
movies have impacted plus influenced our judgement of what a robot should look 
like. According to the “Institute of Electrical and Electronics Engineers—IEEE”, a 
robot is an “autonomous machine capable of sensing its environment, carrying out 
computations to make decisions, and performing actions in the real world”. The 
Robot Institute of America’s definition [7], which is generally recognized, is that—
“A robot is a reprogrammable, multifunctional manipulator designed to move ma-
terial, parts, tools, or specialized devices, through variable programmed motions 
for the performance of a variety of tasks”. Thus, the term “Robotics” would be re-
ferred to as a branch of technology concerned with the design, construction, oper-
ation and application of robots as portrayed above. The end goal is usually to de-
velop intelligent machines and systems that can easily serve as replacements for 
humans and successfully act as humans and imitate human actions. Most of the 
time, these intelligent machines are able to perform their tasks on their own with-
out coming in contact with humans whilst they may need to be in contact with 
humans in some other situations. Yes, in some set-ups, electro-mechanical engi-
neers and robot operationists might have to come in contact with these “intelligent 
machines” to aid in operations and this is one of the major sources of hazards in 
the robotics industry. Robots are classified based on different categories but the 
most common method of classification is based on mobility attributes and appli-
cation attributes. The types of robots based on mobility is further divided into the 
fixed robots (shown in Figure 1 below) and the mobile robots (shown in Figure 2 
below). Fixed robots are permanently stationed at a point while mobile robots are 
able to move from place to place and could be wheeled robots, legged robots, 
tracked robots or undulating robots. With respect to application attributes, robots 
can be either industrial robots or service robots. Industrial robots are set up for use 
in companies, professional organizations and industries while service robots are 
usually employed for domestic use. Other robots would include the Explore robots, 
Battlebots which are Hobbyist robots, military robots, entertaining robots and ag-
riculture robots (for example, mango-harvesting robot). 

 

 
(Source: https://www.istockphoto.com/) 

Figure 1. A fixed robot. 
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(Source: https://www.istockphoto.com/) 

Figure 2. A mobile robot. 

 

 
Figure 3. Different robot types. 

 
Figure 3 above shows four major categories of robotic platforms—wheeled, leg-

ged, articulated-arm, and aerial systems—to provide a high-level overview of 
common robot types. The first mobile robot “Shakey the robot”—an intelligent 
integrated system was built at the Stanford Research Institute (SRI). This mobile 
robot was the first ever, designed to be able to conceptualize its own actions before 
executing them. Then in 1973, “The Tomorrow Tool (T3)” robot was introduced 
by Cincinnati Milacron in 1973. The T3 robot was the first industrial robot which 
is controlled by a microcomputer and was subsequently also made commercially 
available. In the 1980s, the robotics systems industry entered a phase of rapid 
growth and disciplines, courses and programs focusing on robots research were 
introduced across many institutions. The following are some notable and ground-
breaking robots developed from the year 1980 and upwards—AdeptOne, the first 
ever direct-drive SCARA robot developed by AdeptOne in 1984; the first human-
oid robot by Honda developed in 1986 and was called H0; the first Asimo was also 
designed and introduced in 2000; a packaging robot by Demaurex was introduced 
in Switzerland in 1992; Intuitive Surgical, a company based in the United States 
introduced the Da Vinci surgical robot in 1999; iRobot designed and developed 
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the first vacuum cleaner and named it Roomba in 2002; NASA also introduced its 
first Mars rover Sojourner in 2003; collaborative robot which Universal Robots, a 
company in the United States named UR5 was developed in 2008; and finally, the 
Tesla bot introduced by Tesla in 2021. 

2. Robot Design Materials, Development, Safe Practices and  
Future Robots 

In terms of design materials, soft robotic systems typically contain components 
that lack high strength while hard robotic systems contain components that are 
not soft i.e., hard, and as such cannot change their physical properties. The soft 
autonomous earthworm robot at MIT [8] comes to mind. This is a beautiful ex-
ample of a soft autonomous robot whose movement is defined by “peristalsis” i.e., 
a rhythmic, wave-like contraction and relaxation of the segments of its body just 
exactly like an earthworm in a bid to propagate motion and to aid the digestion of 
food down its digestive tract. This robotic system made of entirely soft materials 
has been termed as “remarkably resilient”. This is due to the fact that when tram-
pled upon, or hammered by a very high impact force, it remains just unscathed. 
Although, the authors in [9] briefly reviewed some of the practical shortcomings 
of the Asimov “Laws of Robotics”, these laws still do serve as fundamental guide-
lines to be considered while designing and developing a Robotic system. Initially, 
Asimov proposed three laws to which he then later added the “zeroth law”. All 
these laws when critically observed, are seen to border on systems safety with re-
spect to the terms of the responsibilities of those who design and deploy integrated 
robotic systems and safe practices pertaining to robotic systems. They are as por-
trayed below: 

1) The zeroth law that a robot may not injure humans or through inaction or 
while at a state of rest, allow humans to come to any form of harm. 

2) And also, the first law which is in some way similar to the first, although 
slightly modified to be that a robot may not injure a human being, while inactive 
(i.e., while at a state of rest), or give room for a human to come to harm, and thus, 
this would result to the violation of a higher order law. 

3) Asimov’s second law of robotics states that a robotic system must obey the 
orders given it by human, unless situations where such order would ofcourse con-
flict with a higher order law. 

4) Finally, Asimov proposed a third law that a robot must protect its own exist-
ence due to the fact that it’s protection of itself does not in any way conflict with 
a higher order law. 

There have been concerns as to if future robots will be able to have a reasonable 
level of perceptual capabilities to indeed follow the laws propounded by Isaac Asi-
mov. Amidst the discussion of these overwhelming concerns, there have also been 
a number of notable exceptions [10] [11]. There however appears to be corre-
spondingly even less serious discussion as to whether Asimov’s proposed laws are 
outside of cultural norms, genuinely workable as a framework for human-robot 
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interaction. We note that the contemporary engineering standards discussed later 
in Section 4 serve as the practical, enforceable counterparts to the ethical ideas 
captured in Asimov’s Laws, since these standards translate broad moral principles 
into specific requirements for safe robot behavior, risk control and human pro-
tection. 

In 2021, Tesla announced the design and introduction of Tesla Bot, an intelli-
gent humanoid robot to be employed in assembly lines to build cars. This friendly 
plus intelligent robot which has been equipped with AI will be able to automati-
cally conduct repetitive and boring tasks involved with car assembling, and will 
be able to interact with its environment with cognitive functions. In addition, the 
Tesla Bot, a typical example of what future robots will look like is able to enhance 
human lives, increase productivity, efficiency and quality, thus contributing to a 
safe and healthy work environment for humans. In terms of development, the 
basic elements that make up a typical robot include: a manipulator, a computer 
controller, and a power source. The manipulator consists of the grippers (some-
times robotic hands or other adapted specially designed devices) to help execute 
its task. The controller is deemed the robot’s brain and contains a series of pro-
grammed sequences that coordinate the robot to execute its assigned tasks. It also 
provides a linkage to the sensors on the robots to direct the robot’s motion. The 
robot’s motion is electrically, pneumatically or hydraulically powered. 

The Status of Robotic Applications 

The terms “Robots”, “Robotics”, “Machine learning” and “Artificial Intelligence 
(AI)” are often used jointly. And of this three, AI has evolved as the main concept 
to characterize Industry 4.0. The term Artificial Intelligence refers to Next gener-
ation robots being able to execute tasks collaboratively compared to previously 
designed industrial robots in highly-controlled environments and are usually iso-
lated in boxes and cages. As of recent, research confirms that China is the leading 
country in the industrial robotics market. It was estimated that China possesses 
up to 48% of the top-ten industrial markets in 2019. These estimations are sum-
marized in Figure 4 and Figure 5 below. This is partly attributed to the electronics 
sector which took the lead in robot-deployment in East Asia, and has been proven 
to continuously increase in other parts of the globe. Recent studies do indeed con-
firm that the main challenge that is being faced and still remains a source of huge 
concern is the scarcity of enough manpower and trained labor to handle and exe-
cute robot-related task and technologies in the evolving field of industrial robot-
ics. So many authors and scientists argue that Asimov’s law only take cognizance 
of functional morality for robots, thus assuming that robots have all it takes to 
make moral decisions. They argue that Asimov propounded these laws without 
being concerned about operational morality. Yes, gaps have been identified be-
tween reality and aspiration in robot autonomy. 

Depending on the power source, weight and accuracy vary from robot to robot. 
Precision in electric robots is higher than hydraulic ones and can carry moderate 
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to heavy loads. Electric robots also do not have a high cost of maintenance re-
quirement thus encouraging an increase in their use. Pneumatic robots on the 
other hand are usually light weight and perform excellently with pick-and-place 
tasks. Pneumatically powered robots are often employed in factory set-ups in 
which hydraulic or electric robots may not be used for safety reasons. 

 

 
Figure 4. Countries with the top 10 industrial robots markets in 2016 [12]. 

 

 
Figure 5. Expected industrial robotics market size by the end of 2019 [12]. 

3. Safe Robot Practices 

The field of “Machine ethics” has the ultimate goal of creating a machine that 
follows an ideal ethical principle or a set of ethical principles. These ethical prin-
ciples are meant to serve as a guide [13] to the machine in the decisions it makes. 
This is often interpreted as to some sort of “adding ethical dimensions” to a ro-
botic machine. The practice of “adding ethical dimensions” to a robotic machine 
could be either of two approaches one, including limitations to the behavior of the 
robotic machine at the design stage with respect to an ideal ethical principle or 
principles that would be indeed followed by the human designer, or two, building 
the machine with some form of ethical principles and learning procedures to-
gether with which it can realize ethical principles to guide its own actions. In the 
former, humans follow the ethical principles and are concerned about actions 
from the robotic machine that may be harmful. This is a category of computer 
ethics as opposed to machine ethics while in the latter, the machine has been de-
signed to be able to reason prior to its own actions and with respect to ethical 
matters. This indeed is the ultimate goal of machine ethics and we can say that the 
second machine is autonomous. 
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3.1. Potential Hazards Associated with Robot Use at the 
Workplace—A Case Study on Automatic Guided Vehicles 
(AGVs) 

One of the current challenges still being faced by the robotic industry is the prob-
lem of data acquisition to program these robots. It is understood that a major 
problem for AI in general is getting enough data to be processed to obtain the 
information from which ethical judgements on the part of robots can be made 
[13]. Ethical dilemmas will be faced by robots during operation, and whilst being 
super-easy for humans to make drastic decisions within the twinkling of an eye, 
an autonomous machine that is expected to be moral, working safe, on the other 
hand, might have to just decide arbitrarily or even sadly not be able to act swiftly 
in such a situation. Automatic Guided Vehicles are a beautiful class of robots that 
can be programmed to perform repetitive tasks, that are dangerous and can main-
tain precision while doing such. AGVs are sometimes equipped with manipula-
tors and the accuracy portrayed in the execution of industrial tasks has encour-
aged the increasing and continuous use of AGVs in a variety of industries and 
applications. AGV models vary with reach distance, payload capacity and the 
number of axes (can be up to six) of the manipulator. The manipulator which is a 
jointed arm is usually the most distinguishing characteristic. 

Most industries employ Automatic Guided Vehicles in the transportation of 
raw materials, tools or even finished products. In this section, we will observe and 
study the strengths and potential hazards that are inherent in a magnetic tape 
guided Automatic Guided Vehicle system. In this study, the “system” is defined 
as the AGV itself, all the components that make it up, the magnetic path it follows, 
its immediate surroundings and the cart systems that transport products, tools 
and materials between the production floor and storage room. 

A list of 26 hazards which have been analyzed using the Preliminary Hazard 
Analysis (PHA) are discussed in the discussion section. The Preliminary Hazard 
Analysis is one of the systematic approaches available for identifying hazards and 
recommending corrective actions. For this case study, we assigned severity and 
probability scores by evaluating the potential consequences of each AGV failure 
mode, reviewing incident trends reported in the literature, and considering oper-
ational behaviors such as speed, load handling, navigation patterns and human 
proximity in order to apply consistent, industry-aligned scoring criteria. 

The stages of the defined system where the most significant risks are experi-
enced are listed below in order of lowest risk to the highest risk overall: 

1) Pre-transportation of materials to the storage room; 
2) Unloading and loading of AGV carts; 
3) Charging and storage of the Automatic Guided Vehicles; 
4) Transportation of materials. 
To further illustrate the sequence of steps taken in identifying, evaluating, and 

mitigating AGV-related hazards using sensor systems, the workflow in Figure 6 
presents an overview of our methodology. 
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Figure 6. Sensor-driven workflow for AGV hazard identification and mitigation. 

 
These hazards can be further broken down with respect to hazard targets which 

may be the operations personnel in charge of AGV use, or productions technician, 
equipment and machines, downtime, and environment around the AGV. Overall, 
a total of three notable hazards can be expected during pretransportation proce-
dures, five obvious hazards are concerned with the loading and unloading of carts 
whilst an industry that employs can be expected to be at the risk of at least five 
hazards associated with charging and storage of the AGV system. Overall, a total 
of 23 hazards put personnel working around the Automatic Guided Vehicle sys-
tem at risk, while 17 put equipment and machines at risk. A total of 16 hazards 
put the company’s production time at risk, while just one hazard potentially en-
dangers the environment. In the provided Preliminary Hazard analysis (PHA), 
countermeasures to help eliminate or otherwise limit these hazards have been pro-
vided. The acceptable level of risk and also the goal of the provided countermeas-
ures would be to realize risks of code 3. It is imperative that level 1 risks are ad-
dressed with immediate effect and the countermeasures have been split over two 
broad sections, namely: one, the risks that have high costs of implementation with 
the greatest risk of mitigation and secondly, the risks that offer the lowest risk of 
mitigation with respect to the probability of occurrence and correspondingly offer 
low costs of implementation. A summary of the countermeasures is as portrayed 
below: 

Section one (1) countermeasures: 
1) AGV tracks should have guards installed around them. 
2) Employee crossings should be installed. 
3) Personnel flow path should be properly outlined in order to avoid personnel 
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crossing the path (except for of course the designed crossings) of the AGV during 
use. 

Section two (2) countermeasures: 
1) Automatic Guided vehicles should have lights installed on them. 
2) Carts being pulled by AGVs should as well have lights installed on them. 
3) Wheels clean-up of the AGVs should be done periodically (may be bi-weekly 

or monthly). 
4) Monthly inspections of the magnetic sensors on Automatic Guided Vehicles 

should be implemented on a monthly basis. 
5) Thorough bi-weekly or monthly magnetic track maintenance should be im-

plemented whilst simultaneously checking for any work areas that may present a 
high risk of degradation.  

Wear and tear of installed magnetic tapes should be prevented via the installa-
tion of thin adhesive films. 

The layout of a typical production company that employs Automatic Guided 
Vehicles (AGVs) and the AGV track robotic system in its production processes 
can be expected to look like what we have in Figure 7 below: 

 

 
(Source: https://unsplash.com/) 

Figure 7. Sample layout of a production factory with AGV system.  

 
For the purpose of this study, the case study has taken the following into con-

sideration: 
1) The paper has considered a tugger AGV (for example; Bidirectional 4 motor 

tugger system). This AGV system is being considered due to the cheap cost of 
acquisition, integration and implementation into a typical production factory and 
the customer support that comes with it. 

2) In terms of a guidance system for the Automatic Guided Vehicle, magnetic 
tape is used thus compensating for a minimal set up. Other methods and ideolo-
gies may seem overly complex. 

3) It is assumed that a single tugger can support up to five (5) towable carts. 
This increasingly multiplies production efficiency and also reduces physical strain 
on personnel, technicians and operators. 

4) It is assumed that personnel pick up less than 50lb of material at a single time 
in an OSHA (Occupational Safety and Health Administration) correct fashion. As 
such, no injuries are directly involved with the lifting of an item. 

https://doi.org/10.4236/wjet.2026.141002
https://unsplash.com/


O. Adekoya et al. 
 

 

DOI: 10.4236/wjet.2026.141002 25 World Journal of Engineering and Technology 
 

5) At any given time, the heaviest piece of raw material being used does not 
weigh more than 50lb. 

6) In the case of a product falling from the AGV cart which is as a result of 
mechanical or electrical faults in the AGV system, the hazard target is considered 
to be downtime. Finished products are however not considered in this scenario. 

7) It is assumed that any component of the AGV which might need to be re-
placed during maintenance procedures is needed to be shipped. 

8) The duration of the installed magnetic tapes is 10 years. 
9) There is also the assumption that the full weight capacity of the AGV at any 

given time is 1500 kg (3306.934lbs). 
10) It is assumed that the worst possible outcome is death whenever personnel 

is hit by an AGV. 
11) The battery used in the AGV system has a weight of 34.02 kg (75lbs) and is 

a 72Volts 700 Amperes-Hour Flooded Lead-Acid pack. 
12) The AGV can have up to five (5) carts attached to it at any given time. 
13) The AGV is immobile unless prompted by personnel to move. During load-

ing/unloading procedures, the AGV is stationary and does not move unless 
prompted by personnel. 

Some other details we may need to be aware of is the fact that the OKAGV 
Bidirectional 4 motor tugger mentioned in this paper is capable of automatic 
charging as is possible with a lot of other AGV systems as well. The AGV is able 
to return to its charging station whenever the battery charge level is below a set 
threshold. Copper contacts are embedded in the ground which the Automatic 
Guided Vehicle travels over and stops on top of and this charges the AGV system. 
In addition to the full weight capacity of the AGV, in itself has a contained mass 
of 260 kg (573.20lbs) which includes its motors, battery, and overall structure. 
Thus, the total maximum operating mass of the system at any time is 1760 kg 
(3880.13lbs). The maximum linear speed of the fully loaded AGV is 3 km/hr i.e., 
50 m/min and has a 1.2 km/hr (20 m/min) turning speed. In this study, it is as-
sumed that the AGVs are employed strictly for raw materials and tools transport 
during production and not for the transfer of finished products. In this section, 
we will analyze four sub-processes the AGV might follow on a typical workday 
which include pre-transportation processes, charging procedures, storage pro-
cesses (all operational phases section of the analysis). Also, it is deemed that the 
operation period is 8-hours for a given day with the charging and storage stations 
designed in such a way that AGVs can be stored without a need to be charged. 

In occupational safety and health engineering, we perform Preliminary Hazard 
Analysis in an attempt to uncover potential hazards that may not have been obvi-
ous without an in-depth study of the system in question. For a workplace with 
installed AGV systems, the PHA can be expected to focus on the space (path) 
traveled by the AGV in operation in greater detail. The system’s boundaries are 
defined as: the distance the sensors can detect, the refresh rates of sensors, and the 
accuracy of the AGV sensors. The AGVs operational phases is a subset of or sub-
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ject to the company’s hours of operation. The following are some terminologies 
employed in PHA worksheets development: 

1) Process: The overall system being considered is referred to as the process. 
2) Sub-process: are subsets of the process or distinct parts which make up the 

overall system. 
3) Target: Any system failure directly impacts or affects the target(s). 
4) Preliminary: is an English word meaning that something takes place just 

before the start of an event.  
5) Analysis: is defined as the breaking down of an integrated system into 

smaller units to enable efficient study of these sub-units as related to the overall 
system. 

6) Severity: This is a measure of how bad the potential damage is or the level of 
the damage caused. 

7) Risk: Sometimes defined as probability and severity combined. It is the ex-
pression of possible loss over a specific period of time or a number of cycles [14]. 

8) Probability: This is a measure of the chance or likelihood that an event oc-
curs/happens. In mathematics, this is usually a value that lies between 0 and 1 
inclusive. 

9) Failure: A negative outcome which is as a result of a series of issues. 
10) Hazard: condition or combination of conditions that if left uncorrected, 

have the potential to lead to an accident, illness, or property damage [14]. This 
usually leads to an exposure of targets (personnel, environment, assets, and equip-
ment) to danger or harm. 

11) Mishaps: An undesirable occurrence in which loss is experienced. 
12) Countermeasure: Preventive measures which can help mitigate known 

risks of a given hazard. 
With the variously defined operational phases, we are able to identify hazards 

and worst-case scenario(s) for each operation. In Preliminary Hazard Analysis, it 
is usually recommended that operations be broken down into stages so that worst-
case scenario(s) can be easily identified. For any hazards of risk code 3, counter-
measures are not provided for them due to the fact that the frequency of those 
risks do not in any way interfere with daily operations. Furthermore, no signifi-
cant loss is incurred as a result of them. Risk codes 1 and risk codes 2 are however 
provided with countermeasures as they pose highly significant financial burden. 
Risk codes 1 and 2 however do require countermeasures to be developed to enable 
a mitigation of the risk codes down to level 3. Often times, these countermeasures 
do not in any way reduce the severity of the impact of a hazard if it eventually 
occurs. Countermeasures are only usually exercised to reduce the frequency of an 
incident. This is usually done in various ways using fail-safe designs, design 
changes, warning devices, alert systems, engineering safety feature or even train-
ing/awareness programs. To add, some hazards are common across multiple op-
erational phases and as such require special attention due to how widespread they 
are in the system under consideration. 
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3.2. Operational Phases 

1) Unloading and Loading Phases of AGV: The process of loading and un-
loading of the AGV carts basically entail the stocking of the tugger’s carts with the 
materials and tools to be transported. These very pivotal phases run through the 
whole process of circulation. There is a group of logistics employees tasked with 
this. At the production line where an AGV is to be used, the line worker places 
tools and raw materials for use for the next operation and sets the tugger into 
loading or unloading mode for the next operation. While in this mode, the tugger 
is stationary and it is impossible for it to start moving. 

2) Pre-Transportation Phase: Just as the term “pre” implies, this is the stage 
directly preceding transportation of tools, raw materials and whatever items it 
may be that personnel want to move using the AGV system. The Automatic 
Guided Vehicle under consideration is classified as a fixed-AGV. This is a type of 
navigation system; another commonly used navigation system is the free-ranging 
type (https://www.automation.com). While in the pre-transportation mode, the 
AGV on its own (automatically) disconnects empty carts and tries to fix up with 
newly loaded carts which it senses via the transducers (weight sensors) installed 
on it. 

3) Transportation Phase: During the transportation phase, the AGV system 
has the tugger carts attached to it which are fully loaded. It transports itself and 
the carts from the production area to the storage room or other areas as predeter-
mined by personnel by moving along a defined path, a trajectory which in this 
case is marked out by the magnetic tape (an example shown in Figure 8 below) 
that guides the AGV. It should be noted that following loading and unloading 
procedures, the AGV always has to return to the cold storage area. The risks in-
volved with this phase are outlined as the worst-case scenario of a failure or mal-
functioning of a component whilst AGV is carrying full load. 

 

 
(Source: https://unsplash.com/) 

Figure 8. Image showing AGV guidance using magnetic tape.  
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4) Charging and Storage Phases: As previously mentioned, the AGV runs on 
a 34.02 kg (75lbs), 72Volts 700 Amperes-Hour Flooded Lead-Acid battery pack 
which can be drained and thus needs to be recharged from time to time. The re-
charging of the AGV system takes place during the charging phase. During this 
time, the Automatic Guided Vehicle system is not used for labor, and is inoperable 
due to low battery. The tugger is equipped with a system which notifies it of a need 
to be charged once battery level hits below set threshold. It does this automatically 
and navigates itself to the charging spot. 

3.3. Analysis of Envisaged System Hazards 

Here, we proceed to outlining the hazards that are concerned with the different 
phases involved with AGV use during a normal workday at a supposed industrial 
company that uses them with respect to similar details as portrayed in the previous 
sections. It should however be noted that this is only a case study and of course 
may extend to other robot types as well since robots have a lot of things in com-
mon. The most important of which is being automated. A combination of the two 
parameters (severity and probability) will be used to define potential hazards with 
risk levels from 1 to 3, with 3 being the lowest risk level and 1 correspondingly 
being the highest risk level. 

To aid easy hazards identification, the following hazards identifiers will be used: 
• Overall (all phases combined)—OA; 
• Charging and storage—CS; 
• Transportation—T; 
• Pre-transportation—PT; 
• Loading and Unloading—UL. 
The way the hazards are identified is as presented below; we start with level 1 

risks and then proceed to level 2 risks. The risk matrices used in presenting the 
severity categories and probability levels are shown in Figure 6 and Figure 9. 

Also, Figure 10 depicts the Risk matrix used in performing PHAs. 
 

 
Figure 9. Understanding severity categories and probability levels. 
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Figure 10. Risk matrix used in performing PHAs. 

3.3.1. Risk Code One (1) Hazards 
IB 

• AGV.T.001—Hazard where small pieces of ferromagnetic materials interfere 
with the magnetic guide sensor on AGV which causes it to swerve off its de-
fined path, leading to a collision with personnel. 

• AGV.T.002—Forklift from work area loses control, crashes into AGV and col-
lides with personnel. 

• AGV.T.003—AGV is tipped by forklift over onto personnel. 
• AGV.T.004—Dirt from work area gets stuck to AGV wheels and prevents 

AGV traction. 
• AGV.T.005—Magnetic tape degradation overtime due to commuting AGV 

traffics results in AGV leaving defined tracks and running into personnel. 
• AGV.T.006—AGV wheels get worn out from continuous use and movement 

preventing proper halting and increasing stopping distance which causes AGV 
to run into personnel. 

IC 
The hazards in this category present lower probabilities and are only likely to 

occur at some point within around 25 years of the system but are identified to lead 
to risks of serious injury or ultimately, the death of personnel. The hazards have 
been outlined below and countermeasures to reduce the probability of occurrence 
are provided in the sections that follow. 
• AGV.OA.001—Ferromagnetic dust from the environment gets stuck on AGV 

and interferes with magnetic field and sensor communications, causing AGV 
carts to veer off path and collide with personnel. 

• AGV.OA.002—Personnel crosses the path of a moving AGV, collision occurs 
and results in injury to personnel or death (it is assumed that the worst-case 
scenario whenever personnel is hit by AGV is death). 

• AGV.CS.001—Electrocution of personnel as a result of free currents from 
charging base. 
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• AGV.T.007—Cart suddenly disconnects from AGV as a result of worn-out 
hooks over multiple years of use, and collides with personnel. 

• AGV.T.008—Raw materials and tools being transported across magnetic track 
close to AGV throw off magnetic sensors and results to collision with person-
nel. 

• AGV.T.009—Damage of magnetic field sensors by external misuse during trans-
portation phases leading to collision with personnel. 

II B: The last category of hazards under Risk Code One (1) hazards 
• AGV.OA.003—Magnetic tape’s wear, tear and degradation results in AGV los-

ing track of path and running into personnel during operation and production 
hours. Other than resulting in serious injury to personnel, this hazard also has 
downtime as a target. 

• AGV.OA.004—Same as above, but with machines and equipment as targets. 
• AGV.CS.002—Discharge of static electricity built up from rolling resistance 

damages charging station beyond past remedy. If personnel is present, this 
causes downtime as a target. 

• AGV.CS.003—Same as above but in the case that this affects equipment and 
machines as targets. 

• AGV.PT.001—Personnel gets stuck in-between AGV and cart while trying to 
line up hooks. 

3.3.2. Risk Code Two (2) Hazards 
Here, we would take a look at hazards do not have a high likelihood of occurring 
but are however consequential when they do. The codes in this segment relate to 
personnel, operators, technologists and the possibility of death over 25 years of 
AGV system use (i.e., 25 years probability interval). 

ID 
• AGV.PT.002—During a pre-transportation process while AGV is stationary, 

it loses internal braking traction and runs into floor machines/equipment and 
personnel and causes serious injury plus damage to the AGV. This leads to 
significant downtime. 

• AGV.T.010—A scenario in which the AGV’s proximity sensors become dam-
aged or maybe non-functional leads to collision between AGV and personnel 
and results in death of personnel and damage of equipment. 

II C: In the previous risk categories, we have considered hazards which can 
affect personnel as well. Here, we will take a look at hazards to personnel which 
do not have a tendency of resulting in the loss of life of personnel, but can cause 
limited damage to machines and equipment. It should be however noted that these 
hazards are not likely to occur within the set probability interval with the ideology 
that the personnel targets are actually facing the potentials of partial temporary 
partial disabilities and permanent partial disabilities and consequently bring 
about significant time away from work. In this section, the fleet of equipment may 
include a large number of machines or AGVs. 
• AGV.UL.001—A scenario where cart is accidentally loaded beyond the maxi-
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mum capacity which then stretches the cart casters beyond limit causing them 
to break off. Loaded materials are toppled onto the ground and onto floor 
workers resulting in very serious injury. 

• AGV.UL.002—Loaded materials on carts are not uniformly distributed caus-
ing load to be imbalanced. Cart is then tipped over to another side during 
transportation causing loaded materials to fall onto floor workers resulting in 
serious injury. 

• AGV.UL.003—Bottom of cart loading compartment becomes weakened as a 
result of continuous impact of heavy materials onto carts till failure. Failure 
results in major downtime and calls for a need to have AGV carts and trolleys 
replaced. 

• AGV.OA.004—Ferromagnetic dust from industrial and manufacturing pro-
cesses like machining cover up magnetic tape and interrupts signal causing 
AGV carts to lose track of path during transportation thereby causing damage 
to nearby machines and equipment. 

III B: The hazards in this category all include risks to the personnel. They both 
are only capable of bringing about minor injuries to personnel, technicians, floor 
workers and technologies and just minimal time away from work. 
• AGV.PT.003—There is worn down latch assembly between attached carts 

which suddenly disconnects prior to transportation. Personnel standing close 
to AGV carts is seriously injured. 

• AGV.PT.004—While carts are being lined up by personnel with AGV hooks, 
personnel is pinched and left stuck in between the two elements bringing about 
serious injury to personnel. 

III A: In this section, we consider hazards that are potentially targeted at per-
sonnel and has a tendency of occurring the most (hazard with the highest fre-
quency). The severity of this hazard is however not expected to be that significant. 
• AGV.UL.004—A scenario in which a worker catches limb on sharp edges of 

metal while performing loading procedures. This brings about deep laceration 
with immediate and urgent medical need. 

All the risk hazards analyzed in this paper have been summarized in Table 1 
and Table 2 below: 

 
Table 1. Risk code 1 AGV hazards and sensor failures. 

Code Hazard Description Sensor Failure 

AGV.T.001 
Magnetic interference veers AGV off 

path 
Magnetic guide sensor 

failure 
AGV.T.002 Forklift collides with AGV External event (N/A) 
AGV.T.003 AGV tipped by forklift External event (N/A) 
AGV.T.004 Dirt blocks traction Traction sensor blind spot 
AGV.T.005 Tape degradation misguides AGV Path sensing failure 
AGV.T.006 Worn wheels increase stopping distance Brake response delay 

AGV.OA.001 Dust interferes with magnetic field Field communication loss 
AGV.OA.002 Personnel crosses path Proximity/LiDAR failure 
AGV.CS.001 Charging shock risk Electrical insulation failure 
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Continued  

AGV.T.007 Cart detachment from hook Lock sensor fatigue 
AGV.T.008 Tools disrupt sensor reading Sensor overload 
AGV.T.009 Transport sensor damage Housing vulnerability 

AGV.OA.003 Tape wear during operation Path sensing error 

 
Table 2. Risk code 2 AGV hazards and sensor failures. 

Code Hazard Description Sensor Failure 
AGV.PT.002 Brake traction loss causes collision Brake sensor fault 
AGV.T.010 Proximity sensor failure causes impact Proximity/LiDAR loss 

AGV.UL.001 Cart overloaded and collapses Load sensor absent 
AGV.UL.002 Load imbalance tips cart Distribution sensor gap 
AGV.UL.003 Cart bottom failure due to wear Wear tracking missing 
AGV.OA.004 Dust covers tape and disrupts path Path signal obstruction 
AGV.PT.003 Cart latch fails near worker Latch wear undetected 
AGV.PT.004 Pinched during hook alignment Miscoordination risk 
AGV.UL.004 Sharp edge laceration during loading Not sensor-related 
AGV.PT.002 Brake traction loss causes collision Brake sensor fault 

4. General Overview of Robot Use at the Workplace—Data  
and Summary of Reported Incidents and Accidents 

In [15], the authors proposed some hypothesis concerning the use of robots in the 
workplace, the first of which is the explanation that robotization is a turning point 
for performance and productivity, which are the two main business indicators of 
competitiveness. They also hypothesized that productivity is not a function of the 
company size, and increases in companies that adopt robotization. Thus, compa-
nies that employ robots in their everyday tasks evolve into a more efficient model 
of productivity compared to those that do not adopt it. The authors have shown 
in [16] that the reality of having all processes fully automated in a production 
company is a very hard one, and thus there are limits to automation. This brought 
about a third hypothesis being proposed in [15] that even if many tasks are auto-
mated, growth may remain restricted due to areas that remain fundamental yet 
are hard to improve even with an increase in capital investment. Thus, increase in 
productivity is not limitless, at some point, a saturation level is reached. The use 
of robotics in production processes would not bring about an indefinite increase 
in productivity, but rise in productivity is however guaranteed once a process that 
never involved robot use becomes automated. Again, the effects of robot use on 
worker’s salary was studied and it was proposed in the paper [15] that Small and 
Medium-sized Enterprises (SMEs) employ robotization procedures which brings 
about an increase in the staff costs per worker. The use of robots brings about an 
increase in costs of human labor. Penultimately, it was hypothesized that robot-
ically automated companies are more resilient to unfavorable financial crisis in 
that the increased productivity brought about the automated functions is a form 
of protection to the production/manufacturing company and its workforce. It is 
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safe to say that the automation of a company’s system or process by use of robotic 
devices is of great competitive advantage over non-robotic companies and is not 
limited to favorable environments alone but how well a company is able to recover 
from financial disappointments. Finally, both large businesses and Small and Me-
dium-sized Enterprises are positively impacted or negatively affected in the same 
way by the robotization pr varies depending on the different characteristics of the 
involved companies themselves. In addition to the merits outlined above, the au-
thors opined in [15] that both direct and indirect benefits are associated with in-
dustrial robots use as they bring about improved productivity, improved effi-
ciency, improved product quality, improved quality of work, and improved com-
petitive position. With robotization, the need for labor to execute repetitive tasks 
is minimized. Robots can work under extremely harsh conditions, and more 
quickly that humans. Robots are consistent, never get tired, and are not affected 
by sicknesses or diseases. They are even fast becoming more preferred in jobs 
where exposure to extreme heat and radiation is a primary concern. 

There are many ways in which robotics help improve safety and health in a 
production company and this is primarily due to the fact that robots can take the 
place of employees in a potentially hazardous environment. For example, robots 
can reduce the risk of falls from a height. Where employees may be required to 
use ladders, the manipulators of a robot can easily reach. Also, robots would help 
reduce the risk of Musculoskeletal Disorders (MSDs) in that exoskeleton robots 
would help workers reduce their need to perform repetitive motion tasks. With 
robots, personnel do not need to lift very many heavy objects and as such, injuries 
associated with heavy lifting are reduced. Next, we will proceed to taking a look at 
some recorded hazards associated with workplace robotics. 

A recent online article published by YaleNews by researchers from Yale Uni-
versity and the University of Pennsylvania provides evidence that the use of robots 
in U.S. manufacturing is fueling an increase in mortality rate among the working 
class. OSHA also claims on the other side that worker deaths in the United States 
of America are declining on average. Previous record shows 38 worker deaths a 
day in 1970, and a recent record of 14 a day in 2017. To add, worker injuries and 
illnesses are down from a total of 10.9 incidents per 100 workers in 1972 to 2.8 per 
100 in 2017. A recent report also claims that the robotic workforce of some major 
companies in California have experienced injuries among workers nearly quadru-
pling within the recent years as shown in Figure 11. They went from decent 2.9 
injuries per 100 workers in 2015 to an astonishing 11.3 in 2018. The question that 
robot introduction at the workplace helps to improve the overall safety at the 
modern workplace is thus still a major source of concern. 

Overcoming and Managing Potential Robot Hazards at the 
Workplace—The Place of OSHA and Other Regulatory Agencies 

In 2015, there was a fatality case in which personnel at a bottled-water company 
was killed after being lacerated by the forks on a robotic driverless forklift. It is 
a laser-guided Vehicle (LGV). Although LGVs are equipped with sensors which 
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are able to detect objects or operators in their path, the manufacturer’s manual 
requires that operator initiate an “emergency stop” before getting rid of an ob-
stacle. This way, the forklift does not automatically resume its normal activities 
once obstacle has been removed. The 2015 case was one in which the sensor’s 
alarm was triggered by a small piece of plastic under the elevated forks. Worker 
forgot to initiate emergency stop and was left crushed as soon as obstacle was 
removed and LGV resumed its automated function. According to OSHA, many 
robot accidents do not happen under normal operating conditions, but usually 
during obstacle removal, programming, refinement, maintenance, program 
touch-up, repair, set-up, testing or adjustment. The most common hazards 
identified by OSHA which humans working with robots are to be careful of in-
clude control errors, unauthorized access, mechanical failures, environmental 
sources, power systems, improper installations and human errors themselves. 
OSHA provides a list of potential sources of hazards which are divided into two 
main categories of human factors and mechanical/physical factors. These haz-
ards are generally addressed by applying fixed guards, stickers, placards, barriers 
or warnings. It is noteworthy that the discrepancies in conflicting data on robot-
related injury rates often arise from differences in reporting practices across in-
dustries, the type and complexity of automation deployed, variations in human 
robot interaction levels and the degree to which each workplace has adopted a 
mature safety culture. 

Majority of the hazards related to robot use at the workplace can be sabotaged, 
eliminated or minimized by ensuring proper planning prior to installation [15]. It 
is imperative that employees be part of the robots installation planning process to 
imbue their perception of the changes at the workplace. It is understood that em-
ployee involvement in the planning process would also better help to keep man-
agement’s involvement in safety procedures under check. Following installation 
procedures, training must also be provided to workers before robots use, and 
should not be discontinued. Employee training is not supposed to be a one-time 
thing, but consistent one, before the installation of new robots, during and after 
the installations processes. Robot (Automatic Guided Vehicles) coordination is 
usually approached as and offline problem to be solved when installation is ongo-
ing. The reasons for this is none other than that safety concerns are of necessity 
and management desires to maintain a constant rate of production. To manage 
hazards that workers may be exposed to while at work, some standards have been 
put in place to emphasize regulations. Some of them are listed below (where ANSI 
is short for American National Standards Institute, BS IS short for British Stand-
ards, ISO represents International Organization for Standardization, IEC is an ac-
ronym for International Electrotechnical Commission, and the IEEE is short for 
Institute of Electrical and Electronics Engineers). 

1) ANSI B11.1-2010 addresses the safety of machinery, the general require-
ments and the risk assessments involved. 

2) BS EN 1525: 1998 focuses on the safety of industrial trucks which encom-
passes both driver-less trucks and other systems involved with them. 
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3) BS EN ISO 3691-6:2013, BS EN ISO 369-1:2012 (which was originally BS EN 
1726-1:1999) is concerned with the safety of industrial trucks, self-propelled 
trucks whose capacity run up to 10000 kg and also industrial trucks with a drawbar 
pull up to and including 20000 N. 

4) IEC/EN 60204-1: 2006 addresses the safety of machinery, electrical machines, 
and the general requirements involving their use. 

5) ISO EN 13849-1: 2008 is concerned with the safety of machinery and the 
safety-related parts of control systems and the general principles guiding their de-
sign. 

6) IEC 61508-1: 2010 This standard is concerned with effectuating the safety of 
electrical/programmable/electronic-safety related systems. 

7) IEC 61508-2: 2010 is the other part of the standard provided above and IEC 
61508-3: 2010 is the third part of the standard which addresses the software con-
cerned with robot deployment. Also, IEC 61508-6: 2010 is the Part 6 of the stand-
ard provided above and provides guidelines on the applications of IEC61508-2 
and IEC61508-3. 

 

 
Figure 11. Reported Robot Accidents from 2009 through 2019 [17]. 

 
8) IEC 62061: 2005 addresses the safety of machinery, functional safety of safety 

-related electronic, electrical and programmable electronic control systems. 
9) IEC/TR 62061-1 provides guidance on the application the standards ISO 

13849-1 and IEC 62061 in the design and maintenance of safety-related control 
systems for machinery. 

10) IEEE Std 1175: 1992 is a standard focusing on IEEE’s Trial-Use Standard 
Reference Model for Computing System Tool Interconnections. 

5. Discussion 

Having discussed the risks, probability levels and severity categories of different 
potential hazards that are inclined to the use of Automatic Guided Vehicles at a 
manufacturing industry, it is of great necessity to discuss what countermeasures 
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are best put to place to eliminate these risks or better still, minimize the occur-
rence or fatality of the same. Although, a number of the identified hazards share 
similar outcomes, there are multiple ways in which level one (1) risk hazards can 
occur, and thus, distinctive countermeasures should be directed towards each 
uniquely identified hazard. It is understood that the proposed countermeasures 
are able to reduce risk codes from an aggravating level of one (1) to three (3). The 
countermeasures will however be the most expensive to carry out. The first of 
which will be to install guards around the path the AGV travels around. Next, 
active personnel crossings and automatic physical barriers should be installed so 
that employees get protected from being hit by AGVs if AGVs would not stop 
during transportation whilst there’s a potential collision with personnel. Whilst 
crossings are not being used, barriers would remain flushed with the floor, and 
level, so as not to impeded the movement of the AGV. Some of the other coun-
termeasures that could be implemented for any industry that perfectly fits in the 
discussed case study which are not expensive to implement and correspondingly 
helps to lower the risk code from a level 1 to level 2 would include the following: 
Installing lights on all Automatic Guided Vehicles and the cars as well, imple-
menting monthly cleaning of AGV wheels, executing yearly inspections of mag-
netic sensors, covering of the magnetic tape track in thin adhesive and timely 
replacement whenever need be, to prevent wear and tear, complete and thorough 
monthly magnetic track maintenance to manage areas with high risk of degrada-
tion. For level two (2) risk countermeasures which are associated with risk code 
2 hazards, and are meant to mitigate or lower hazards from a risk level of 2 down 
to 3, they would require little to no cost. The first of this would be the perfor-
mance of routine inspections of various sections of the system. The next would 
be increasing the wheelbase of the carts to provide an evenly distributed weight 
and a simultaneous reduction in the height of loaded materials. Also, Personal 
Protective Equipment should be worn by personnel and every other worker dur-
ing work hours to cover up any exposed skin and prevent serious laceration in 
the circumstance of unfortunate events. Management should also require the use 
of safety gloves as Personal Protective Equipment for personnel. Training should 
be provided from time to time to personnel and other workers on the proper 
technique of lining up AGV carts with the AGVs themselves. Companies would 
also be encouraged to implement sensor inspection programs and checks on a 
bi-yearly basis. Installed magnetic tapes should be cleaned periodically and a de-
tailed record of monthly maintenance checks on cart and trolley which can be 
fallen back to, at any point in time should be performed; where maintenance 
procedures are primarily focused on the surfaces and connecting hooks of AGV 
carts and trolley compartments. 

Furthermore, we see that while multiple reports have confirmed an ease in 
which industrial tasks are being executed and set goals realized, the rate of fatality 
in some major companies have constantly been on the rise. A lot of regulatory 
agencies have come up with the idea that whilst it may be difficult to eliminate the 
hazards involved with robot use at the workplace, staying true to the set and pro-

https://doi.org/10.4236/wjet.2026.141002


O. Adekoya et al. 
 

 

DOI: 10.4236/wjet.2026.141002 37 World Journal of Engineering and Technology 
 

vided standards is a way to have some of these hazards minimized. It is safe to say 
that hundred percent hazard free work environment cannot be realized but po-
tential risks can be avoided as much as possible. 

Table 3 presents a summary of key sensors identified in recent studies which, 
when integrated into human-robot collaborative environments, have the potential 
to significantly reduce—if not entirely eliminate—the twenty-six (26) hazards 
outlined in this work. 

 
Table 3. Summary of key sensors, strengths, limitations, and cost of implementation. 

Sensors Strength Limitations 
Cost of 

Implementation 

Encoders [18] 

Encoders are mounted on the wheels, counting wheel 
rotations of the autonomous mobile robot to estimate 
their precise location in complex layout of plants with 
the help of natural signals. This will reduce the risk of 

collision and navigation within the plant. 

Reduced accuracy over 
longer 

distances and summed-
up errors of odometry 

Mid-tier 

Wireless 
Sensor 

Network [18] 
[19] 

The wireless sensor complements the encoders to 
evaluate the localization of the robot with reduced 

errors, giving better precision over long distances than 
encoders when used in hybrid-mode to aid navigation. 

Interference or 
transmission 

collision with obstacles 
and changes in the 

factory leads to 
fluctuations of the 

received signal 
strength, signal path 
and communication 

conditions 

High-cost 

LiDAR (Light 
Detection and 
Ranging) [20] 

This involves using laser light with a range of scans in 
3D. It gives extensive data in robotics systems for 

mapping, object detection and environment scanning. 
The data includes the spatial coordinates of the 3D 

points making it easier to detect obstacles. The sensor 
aids optimal task allocation, good planning and 

control of the work-environment. 

Computationally 
intensive by 

including irrelevant 
data acquisition. 

High-cost 

Stereovision 
Cameras [21] 

[22] 

With the advent of machine learning incorporated 
into this system, the cameras can efficiently forecast 

obstacles in close range distance to aid the 
autonomous system in maneuvering during mobility. 

The performance is 
dependent on the 

environment lightning. 
Poor lightning reduces 

the efficiency of the 
sensor. 

Low-cost 

Infrared [23] 

These sensors are very sensitive when coupled with 
logic controller, making it suitable for static and 

dynamic environments. It helps robots work freely by 
avoiding contact with uncertain obstacles due to 

movement and tight environments. It provides good 
dynamic response leading to better accuracy of the 

robots. 

Its efficiency is limited 
to a very short range of 
obstacles between 4 to 
30cm, and sensitive to 

reflected surfaces. 

Low-cost 
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Continued 

RFID (Radio 
Frequency 

Identification) 
[24] [25] 

This technology is very old and has evolved beyond 
the motive of traceability of products in supply chain. 
It has evolved into sensor tags to accumulate massive 

real-time data working as a smart label to detect 
dynamic obstacles. 

It is an automatic wireless data-collection technology. 

Its commercial 
availability is low, 

complex to develop and 
quite expensive to 

create and maintain. 
Also, it does not allow 
the use of a universal 
tag for any distance, 

instead the range 
depends on the 

frequency of each tag 
used. 

High-cost 

Ultrasonic [26] 

Ultrasonic sensors utilize sound wave signals above 
20kHz to determine the presence of nearby obstacles 
and range. They often have simple structures and are 

not interrupted with electro-magnetic fields. Its 
application is not limited to data acquisition and 

positioning control of the robots. 

The accuracy and 
stability of the data 

obtained may vary due 
to signal interference 
and multipath effects. 

Also, its performance is 
limited in ‘meters’ 
order of magnitude 

range/distance. 

Low-cost to 
Mid-tier 

Radar (Radio 
Detection and 
Ranging) [27] 

This sensor does not contain moving mechanical parts 
and allows reliable target detection in extreme 

environment. There is no risk of vibrations and 
shocks making it viable for determining the range, 

trajectory and relative speed between the sensor and 
target. 

This complex system 
has poor spatial 

resolution and limited 
field of view. 

High-cost 

 
As one of the main results of our hazard study, we suggest a sensor driven 

method that can help detect and reduce AGV risks in the workplace. This method 
connects each hazard we identified to the sensors that can help prevent it, such 
as LiDAR, ultrasonic sensors, RFID, encoders and stereo vision. Using several 
types of sensors together can make up for the weaknesses of any single sensor 
and help the AGV understand its surroundings more reliably. We present this 
method as an important way to lower the chances of accidents and to improve 
the safety of AGV operations. To support safety engineers and electronic system 
designers, Table 4 provides a practical summary that links each identified hazard 
to one or more sensor technologies most suited for its detection and mitigation.  

 
Table 4. Recommended Sensor Assignments for Risk Mitigation. 

Hazard Category Representative Hazard(s) 
Recommended 

Sensors 
AGV Path 
Deviation 

Tape degradation, magnetic 
interference 

Magnetic field sensor, 
path tracking sensor 

Collision with 
Equipment 

Forklift collision, brake traction loss 
Proximity sensors, 

LiDAR 
Human-Robot 

Interaction 
Personnel crossing, hook-up pinch 

Stereo vision camera, 
IR sensors 
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Continued 
Charging Station 

Risks 
Electrical shock, static discharge 

Grounding sensors, 
voltage detection 

Load Instability Cart imbalance, overload collapse 
Load sensors, 

distribution sensors 

Sensor Signal 
Loss 

Dust or tool obstruction 
Sensor housing 

protection, sensor 
redundancy 

6. Conclusion and Recommendations 

In a bid to better help uncover the flaws of robot use in a robotic industry, it is 
hoped that the designs of employed robots and robot systems (AGV was used in 
this paper) can be improved upon to help the system protect named targets and 
fragile assets that are usually a subject of high-level risks during operations against 
potential hazards at the workplace. In Section 3 of this paper, we have visualized 
what a typical robotic workplace would look like, identified targets and the whole 
system and made assumptions as necessary. This was done so that the Preliminary 
Hazard Analysis (PHA) report can portray even the slightest of risks involved with 
robot use at the workplace. The PHA analysis consists of a list of envisaged haz-
ards and level of associated risk. Whilst it is understood that Preliminary Hazard 
Analysis may be carried out at any point in a system’s life cycle, it is recommended 
that they be performed at the design phase when plant is being set up or systems 
are being installed. PHAs can also be used on an already set-up system as its first 
analysis. 

To address the central question posed in the title and to determine whether 
AGVs increase or decrease potential hazards, our findings indicate that the out-
come is not inherent to the AGV technology itself. Instead, workplace safety is 
determined by the quality of risk management, adherence to established stand-
ards, and the rigor of safety protocols surrounding AGV deployment. 

Within the four (4) operational phases defined (Loading/Unloading, Charging 
and Storage, Transportation, Pre-transportation), a total of twenty-six (26) poten-
tial hazards have been identified. They have a tendency of impacting the ma-
chines, equipment, personnel, environment and company’s production hours 
(time) which are the targets. The targeted hazards can be fully portrayed on a haz-
ard plot for use by the management of any company that may want to use them, 
but this paper has however not dealt with that. This could be some motivation for 
future work. 

Also, available reports as to mortality rates with robot use in the industry are 
conflicting in some ways. Some authors and production companies claim that 
whilst efficiency was improved, the injury rates among their workers have in-
creased significantly since the introduction of robots at the workplace. Some oth-
ers confirmed that sticking to set rules, standards and the provision of continuous 
maintenance and guidelines to operators, users and floor workers has been 
enough to keep mortality rate and injuries within the barest minimum. 
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This study further presents a sensor-driven framework in the Discussion sec-
tion that connects each identified hazard to the sensing technologies best suited 
for its mitigation, emphasizing that robust multi-sensor integration and ongoing 
system validation play crucial roles in reducing AGV-related incidents. 

In summary, AGVs can either increase or decrease potential workplace hazards 
depending entirely on how effectively they are implemented, monitored and gov-
erned by safety standards. When risk management is strong, AGVs reduce haz-
ards. When it is weak, hazards increase.  
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