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Abstract—Human-robot cooperation (HRC) is becoming 

increasingly essential in many different sectors such as industry, 

healthcare, agriculture, and education. This cooperation 

between robot and human has many advantages such as 

increasing and boosting productivity and efficiency, executing 

the task easily, effectively, and in a fast time, and minimizing the 

efforts and time. Therefore, ensuring safety issues during this 

cooperation are critical and must be considered to avoid or 

minimize any risk or danger whether for the robot, human, or 

environment. Risks may be such as accidents or system failures. 

In this paper, an overview of the safety issues of human-robot 

cooperation is discussed. The main key challenges in robotics 

safety are outlined and presented such as collision detection and 

avoidance, adapting to unpredictable human behaviors, and 

implementing effective risk mitigation strategies. The difference 

between industrial robots and cobots is illustrated. Their 

features and safety issues are also provided. The problem of 

collision detection or avoidance between the robot and 

environment is defined and discussed in detail. The result of this 

paper can be a guideline or framework to future researchers 

during the design and the development of their safety methods 

in human-robot cooperation tasks. In addition, it shapes future 

research directions in safety measures. 

Keywords—Human-Robot Cooperation, Key Safety Issues, 

Future Challenges, Robot Classifications, Collision Detection 

problem, Recommendations 

I. INTRODUCTION 

To create effective and secure interactions between 

humans and robots, human-robot cooperation (HRC) is 

essential. The capacity, acceptance, and success of the robotic 

systems depend on the effective HRC, [1]. It encompasses a 

number of elements, such as trust dynamics, communication 

modalities, and interfaces [2]. Multimodal interaction is a 

newer concept in HRC that allows people to interact with 

robots through  a combination of communication modes or 

various modalities such as touch, gestures, and speech [3]. 

The interaction experience is improved overall by this wide 

variety of communication techniques, which makes it more 

natural and intuitive for people to utilize. 

This section is divided into six subsections discussing the 

following topics: 

• Human-Robot Interaction (HRI) Forms 

• Physical Human-Robot Interaction 

• Safety and Trust in Human-Robot Cooperation 

• Ethical Issues in Human-Robot Cooperation 

• Key Challenges in Human-Robot Cooperation 

• The Main Contribution and Outlines of this paper 

A. Human-Robot Interaction (HRI) Forms 

Humans and robots, particularly collaborative robots, can 

work simultaneously in varying proximity degrees based on 

application area. This interaction between the humans and 

robot called “Human-Robot interaction (HRI)” and has three 

forms as follows [4]-[8]: 

• Human-robot coexistence: In this field, humans and 

robots can work in neighboring workspaces and safety 

fencing is not found. However, a common workspace is 

not shared between them. In addition, each of them works 

in an independent different task.  

• Human-robot cooperation: In this field, humans and 

robots can work using the same area or workspace. Their 

work considers different tasks in the process. In addition, 

direct interaction between them is not found. During the 

cooperation, the robot may be safe, or sensors are used to 

protect the workspace. 

• Human-robot collaboration: In this field, both humans 

and robots are interacting in a shared area or workspace. 

In this field, robots can pass something to the human, or 

both can simultaneously execute or carry out different 

tasks in the same area or workpiece. 

The present study in this paper can be applied to any form 

of human-robot interaction. However, we consider the 

human-robot cooperation (HRC) form. 

B. Physical Human-Robot Interaction 

A subfield of human-robot interaction called physical 

human-robot interaction (pHRI) is concerned with the direct 

physical interactions between people and robots. The main 

purpose of this physical interaction is performing and 

carrying out independent or common tasks using close or 

shared area ensuring and considering confirmed 

performances, human’s ergonomics, and safety, [9], [10]. For 

robots to perform more than simple duties, such as entering 

collaborative workplaces or helping with physical tasks, this 

field is essential. Applications of pHRI [11], [12] include 

social robots in healthcare [2], [13], rehabilitation [14], [15], 

collaborative robots in industrial settings and assembly lines 

[16], [17], education [18], [19], and home use and service 

[20], [21].  
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C. Safety and Trust in Human-Robot Cooperation 

For robotic systems to be widely adopted and accepted in 

a variety of sectors, safety and trust in human-robot 

cooperation are essential [22]. In collaborative human-robot 

paradigms, safety is particularly important because, although 

robots are agile, they also might potentially be dangerous for 

anyone that engage with them, [23], (see Fig. 1, [24]). Fig. 1 

shows an accident between the robot and human. This 

accident may lead to injuries or high risks to the human 

operator. The trust between workers and collaborative robots 

may be greatly increased by including dependability 

strategies at every level of robotic solution development, 

which addresses safety issues, [25]. Factors that influence 

trust in HRC include reliability and predictability. 

Additionally, when incorporating artificial intelligence (AI) 

into social and collaborative robots, transparency and privacy 

issues are essential elements for fostering trust [26]. 

 

Fig. 1. Risks to which human operators are exposed during cooperation 

with robots if safety issues are not considered, [24] 

D. Ethical Issues in Human-Robot Cooperation 

In addition to trust and safety, ethical considerations are 

also gaining attention within HRC. The HRC community is 

paying more and more attention to ethical issues in human-

robot interaction or cooperation [27]. Researchers and 

practitioners may strive toward creating more responsible and 

socially acceptable human-robot cooperation systems by 

encouraging research and considerations on the ethical 

aspects of human-robot partnerships [28]. In addition to 

ensuring people's safety and wellbeing while dealing with 

robots, ethical issues also help society's general trust in and 

acceptance of robotic technology. Ethical considerations 

related to safety and trust in HRC may include the 

transparency in AI decision-making and the ethical design of 

safety protocols.  

E. Key Challenges in Human-Robot Cooperation  

The main key challenges in the field of human-robot 

cooperation, as shown in Fig. 2, are challenges considering 

the safety issues, challenges considering the control methods 

and the accuracy and repeatability achievement, and 

challenges considering the perceiving of human motion. 

However, there are other challenges regarding the HRC. The 

three mentioned challenges can be discussed and summarized 

as follows. 

 

 

Fig. 2. Some challenges in the field of human-robot cooperation 

a) Safety: It's critical to maintain supervised and safe 

interactions. This entails building robots with the right 

actuators, sensors, and control systems in place to guard 

against harm during collisions or unforeseen motions. 

b) Accuracy and control: For robots to handle items or 

engage in safe and efficient human-robot interaction, they 

require accurate control over their motions.  

c) Perceiving human motion: For smooth cooperation, 

robots need to be able to decipher human gestures, 

motions, and even predict actions. 

F. The Main Contribution and Outlines 

From the above challenges, the main contribution of this 

paper is providing a guide or a framework for the safety 

aspects of HRC and as a resource for designing safety 

protocols. This is achieved according to the following points: 

• The key challenges in robotics safety are discussed and 

outlined. The different safety methods are categorized and 

discussed. In addition, the safety standards are illustrated.  

• The differences between industrial robots and cobots are 

presented. Furthermore, their real applications, safety 

issues and developed methods are discussed. 

• The problem of collision detection or avoidance in 

human-robot cooperation is presented in detail including 

its importance, applications, definitions, the different 

developed methods and algorithms, and the advanced 

technologies and innovations, the main challenges, and 

criticism.  

The rest of the paper is divided into the following 

sections. Section II presents the main challenges for the safety 

of robots. Section III shows the robots classifications and the 

difference between industrial robots and cobots. In addition, 

their safety issues. Section IV shows the problem of detection 

of collisions in robotics and gives some solutions. In section 

V, the main important points in this paper are summarized 

and some insights are presented. The content of the presented 

study can be summarized as shown in Fig. 3. 

II. CHALLENGES IN ROBOTICS SAFETY 

In this section, an introduction to robotics development is 

presented. Furthermore, the collision detection approach, 

different safety methods, ISO standards regarding robotic 
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safety, and their challenges are discussed. These all points are 

presented in detail in the following subsections.  

A. Introduction to Robotics and Technology Development 

One may argue that robotics is the "science of the future". 

Science fiction is where it all started, and since ancient times, 

an "automaton" has stood for sophisticated technology. But 

technological advancement has not happened as quickly as 

the early robots’ ad ocates may ha e imagined. Badi-az- 

Zaman al Jazari (born in 1136 - died in 1206), [29]-[31], was 

an engineer, mathematician, and an innovator. He was called 

“The Father of Robotics”. He was famous for 

creating/implementing ingenious pre-modern robots which 

controlled using different hydraulic-gear systems. Many 

devices were invented by him, that were precursors to the 

robots of today. Furthermore, his automation knowledge in 

the 12th century made inspiration for many scientists’ 

generations. Leonardo da Vinci in about 1492 [32], [33] 

developed a humanoid robot or automaton which was called 

the Mechanical Knight. He designed this mechanism to do 

several motions like human. Otto Mayr [34] analyzes the 

evolution of machines in terms of advancements in energy 

conversion in his book about Mechanism and Machine 

Science. According to Mayr, the history of mechanisms is the 

tale of improving the efficiency with which energy is 

converted into work. The efficiency improvements in energy 

conversion set the stage for the functionality-focused designs 

found in modern robotics. Put another way, the goal of 

technology throughout its entire history has been to improve 

functionality. Currently, for machines to function properly, 

they need to operate error-free. A machine must be 

programmed and controlled for it to function independently 

and provide work that is beneficial to people. When a 

machine is programmed to carry out activities in a shared 

environment with people, the capacity to anticipate when a 

job may lead to a collision is equivalent to the capacity to 

avert potentially hazardous and destructive accidents. One 

may say that one of the requirements for successfully 

automating a process, whether in an industrial context or in 

daily life, is the detection and prevention of accidents. 

 

Fig. 3. The content of the presented study of this paper 

B. Collision Detection Process in Robotics 

Collision detection in robotics is the process of 

determining if two objects have collided. The robot itself is 

always one of the objects in the subject of robotics. The other 

item might be something the robot is trying to avoid, like an 

obstacle, human operator, environment, or it could be a 

specific component of the robot, like the robot's end effector 

trying to manipulate an object. Although a lot of work has 

been done on collision detection for virtual worlds and 

animated computer graphics, robotics collision detection is 

distinct in general because it involves verification and real-

time processing. A human-controlled system needs to be able 

to take input on a course of action and decide whether it can 

be carried out without causing a collision. An automated 

system needs to be able to decide on a course of action and 

determine whether this action will result in a collision. 

Therefore, collision detection is necessary for any control and 

decision-making systems that may be included in a robotic 

system. 

C. Risks or Dangers From Robots  

In the workplace, robots are becoming more and more 

prevalent. Although they have numerous advantages, safety 

must always come first when people and robots are 

interacting. Industrial robots are potentially very strong 

devices, and there is a risk of severe harm because of: 

a) Collisions: Because robots may move swiftly and 

powerfully, there is a chance that they will run into an 

employee. In another meaning, in a manufacturing 

facility, a worker reaching into a robot’s work area could 

be at risk of se ere injury due to the robot’s powerful, 

swift movements. 

b) Crushing: Like human body parts, robot grippers and 

arms can crush objects. 

c) Mechanical risks: Cuts, punctures, and abrasions can 

result from moving parts, sharp edges, and pinch points. 

D. Different Safety Methods for Robotics 

With collision risks identified, several and various safety 

techniques or approaches [35]-[40] have been developed to 

ensure worker safety in robotic environments and to reduce 

the previously mentioned dangers and risks, as shown in Fig. 

4. These approaches are discussed as follows: 

a) Physical barriers: You may keep uninvited guests out of a 

robot's workstation by installing cages or fences. 

b) Safety features: If a human enters a prohibited area, robot 

movement can be stopped by pressing emergency stop 

buttons or pressure-sensitive mats. 

c) Training: Workers need proper training in robotic systems 

or must get the necessary instruction on robotic systems, 

including hazard recognition or awareness, safe work 

practices, and emergency procedures. 

d) Safety measures: These consist of lockout/tagout routines 

that guarantee robots are turned off while undergoing 

programming or maintenance. 

E. Safety Standards in Robotics 

The principles and criteria for the intrinsic safety of 

industrial robot designs, safety precautions, and usage 

information are outlined in ISO 10218-1&2:2011, [41], [42]. 

It outlines the fundamental concerns connected to robotics 
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and offers guidelines for getting rid of or significantly 

lowering the risks brought on by these risks. 

In addition to complementing the guidelines and 

standards for collaborative industrial robot operation 

provided in ISO 10218-1 and ISO 10218-2, [41], [42], 

ISO/TS 15066:2016, [43] establishes safety requirements for 

collaborative industrial robot systems and the work 

environment. 

In designing any safety method in robotics, the previously 

mentioned ISO standards should be followed and achieved. 

This is indeed very necessary to improve the safety 

performance and minimize the risks such as injuries and 

accidents. 

 

Fig. 4. Conventional techniques to reduce the risk or dangers 

III. ROBOT CLASSIFICATIONS 

Robots can be classified as shown in Fig. 5, [44]. Any type 

of them can collaborate with humans in the working area to 

accomplish a certain task. To do so, the robot must achieve 

the rules in ISO 10218-1 and ISO 10218-2. In this section, a 

comparison between robots and cobots is carried out. 

 

Fig. 5. Robot classifications, [44] 

A. Robots and Cobots 

Robots are made especially to carry out monotonous 

duties quickly, accurately, and reliably. Usually seen in 

assembly lines, large-scale industrial operations, and 

assembly facilities. Heavy-lifting tasks are a strength of 

industrial robots. They carry out duties that call for a high 

level of precision with efficiency. An industrial robot is a 

typical example of a robot, Fig. 6, [45].  

The main Benefits of industrial robots, as shown in Fig. 

7, can be presented as follows, [46]-[48]:  

a) Enhanced Productivity: Industrial robots work nonstop 

for extended periods of time without rest or tiredness, 

which boosts output and increases throughput. 

b) Accuracy and Precision: These robots execute jobs with 

remarkable accuracy, which lowers mistakes and raises 

the standard of the final product. 

c) Big Load Handling: Because industrial robots are 

designed to handle large weights, they are excellent at 

lifting and transferring big things. 

 

Fig. 6. Industrial robot in automotive industry, [45] 

 

Fig. 7. Some main benefits of industrial robots 

Cobots are robots designed to interact directly with people 

in a shared area or near humans. They are designed for closer 

human interaction. Typical instances of cobots are those 

robots that operate in labs alongside humans during 

experiments, Fig. 8, [49]. 

The main Advantages of cobots, as presented in Fig. 9, 

are discussed as follows [50]-[52]: 

a) Safety: Cobots are equipped with inbuilt safety measures 

like force sensors, collision detection, and speed 

reduction capabilities, which make it safe for human 

operators to operate in. 

b) Ease of Use: Non-experts can quickly program cobots 

since they are easy to use. Their user-friendly interfaces 

make it easier to teach robots new tasks. 

c) Flexibility: Because of their great adaptability and ease of 

reconfiguration to carry out various duties, cobots are 

perfect for small-batch production and frequent product 

modifications. 

d) Area Efficiency: Compared to conventional industrial 

robots, collaborative robots are smaller and take up less 
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floor area. Businesses may improve their workspace using 

this functionality. 

 

Fig. 8. A Cobot working in a laboratory, [49] 

 

Fig. 9. Some of the advantages of cobots 

B. Robots vs. Cobots According to Safety 

Many robots, especially those working in industrial field, 

are not equipped with toque/force sensors. So, strict safety 

methods are crucial to keep robots working safely with a rare 

probability of collisions between them and human in working 

area, e.g. barriers and cages. On other hand, cobots are 

e uipped with joints’ tor ue/force sensors and other safety 

features to avoid collisions and other risks. This equipment 

enables cobots from safely cooperation between them and 

humans. It can be said that:  

• Any class of robot can be configured and act as COBOT. 

• All traditional cobots are equipped with torque sensors on 

their joints. 

• Cobots must meet all safety requirements such as in   

standards ISO 10218 and more importantly ISO/TS 

15066 to work near people. 

IV. DETECTION OF COLLISIONS IN ROBOTICS 

Because it guarantees the effectiveness and safety of 

robotic systems, collision detection is an essential component 

in robotics. For some years now, collision detection has been 

a subject of significant research due to various issues in 

computer graphics, robotics, computer-aided design, and 

virtual worlds. It is a necessary technological advancement to 

guarantee the effective, dependable, and safe functioning of 

robots. Robots may recognize and avoid collisions, reducing 

damage, increasing productivity, and promoting safe human-

robot cooperation by utilizing a variety of sensors, software 

algorithms, or a mix of the two. Finding pairwise collisions 

between a group of entities—let's say a set of n rigid bodies 

in three dimensions—and returning the timings of the earliest 

collisions and the pairs of bodies that collide are the main 

tasks at hand. This subject is the initial stage in modeling the 

motion of mechanical systems because, with the help of 

Newtonian impact rules, we can forecast the behavior that 

follows a collision if we know the location and timing of the 

collisions. When it comes to virtual environments, this 

information may be used to animate the objects so that they 

move through the simulated environment in a way that 

prevents collisions. This makes collision detection a useful 

tool as a method of automatically guiding mechanical 

systems through a designated task while avoiding obstacles. 

Robots can successfully traverse their environments, 

avoid obstacles, and minimize damage to themselves or their 

surroundings by properly recognizing and predicting future 

collisions [53]. This is accomplished by utilizing a variety of 

sensors, including proximity, LIDAR, Radar, Ultrasonic 

sensors, and video sensors, which offer real-time information 

about the robot's surroundings. These sensors have good 

properties as follows; LiDAR provides precise distance 

measurements for mapping surroundings in 3D, [54]. Radar 

is useful in detecting objects in diverse weather conditions, 

[55]. Ultrasonic sensors are effective for short-range 

detection, [56], [57]. 

Collision detection systems can recognize possible 

hazards and take the necessary precautions to prevent 

collisions by evaluating this data and utilizing artificial 

intelligence and algorithms. For autonomous robots to 

function in dynamic and unpredictable settings like factories, 

warehouses, or even the road, these systems are essential. 

Industrial robots need high-speed, robust detection to ensure 

quick decision-making in fast-paced environments, while 

autonomous vehicles need sophisticated detection to handle 

complex road scenarios. Robotic systems' ability to detect 

collisions is essential to their effectiveness and safety.  

Robots can successfully traverse their environments, 

avoid barriers, and stop harm to themselves or their 

surroundings by precisely detecting and anticipating possible 

collisions [58]-[60]. Advanced technology is used by 

autonomous automobiles, trucks, buses, and drone delivery 

systems. Using cameras and sensors to prevent collisions, 

lane-changing systems, artificial intelligence (AI) for real-

time information analysis, automated vehicle guidance and 

braking, and deep learning and high-performance computing 

to adapt to changing conditions using intricate maps are some 

of these features [61]-[64]. Because it guarantees the 

effectiveness and safety of robotic systems, collision 

detection is a critical component in robotics. Robots can 

successfully traverse their settings, avoid obstacles, and 

minimize damage to themselves or their surroundings by 

precisely recognizing and predicting future collisions. To 

collect real-time data about the robot's surroundings, collision 

detection systems must make use of sensors such as cameras, 

LiDAR, radar, and ultrasonic sensors, as well as advances in 

computer vision. After that, this data is examined by artificial 

intelligence and algorithms to spot any hazards and determine 

the best course of action to prevent collisions. Computer 

Vision and AI Algorithms allow real-time processing and 

interpretation of visual data, crucial for autonomous decision-

making. Robot collision detection systems heavily rely on 
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computer vision and sensor technologies like LiDAR, radar, 

and cameras, [65]-[68].  

These methods depend on the robot's ability to see its 

surroundings, which is accomplished using sensors like 

cameras, radar, LIDAR, and ultrasonic is impossible to 

overestimate the importance of precise collision detection on 

robots in the quickly evolving world of today. It offers an 

essential degree of security and defense for robots as well as 

for humans and things in their immediate vicinity. Robotic 

systems’ safety and effecti eness depend on their ability to 

detect collisions. Robots using collision detection systems 

can precisely identify possible impediments and take 

preventative action by fusing computer vision with 

technologies like radar and LiDAR. This entails modifying 

their course, accelerating, or, if required, completely 

stopping. However, LiDAR and camera-based systems may 

struggle in heavy rain or fog, and AI algorithms require 

significant computational power, which may not be feasible 

in all robotic systems. 

Autonomous vehicles can effectively identify and prevent 

crashes thanks to these cutting-edge technical capabilities, 

protecting both the vehicle and its surroundings [69]. 

Furthermore, robot collision detection is crucial for 

maximizing efficiency and output [70]. Robots are better able 

to traverse their environments by anticipating probable 

accidents and avoiding unneeded pauses or delays. 

As robotics continues to evolve, collision detection 

systems will become increasingly sophisticated, paving the 

way for a future where robots seamlessly integrate into our 

lives. 

A. Methods and Mechanisms of Collision Detection 

There are two primary approaches to collision detection 

in robotics, as shown in Fig. 10. 

 

Fig. 10. The used approaches for collision detection during human-robot 

cooperation 

These approaches are discussed as follows:  

1) Sensor-based detection: This method utilizes various 

sensors to detect physical contact between the robot and 

its environment. Examples of these methods are presented 

in [71]-[78]. Common sensors include: 

• Force/torque sensors: These sensors measure the 

forces and torques exerted on the robot's end-effector, 

indicating potential collisions. 

• Proximity sensors: These sensors detect the presence 

of nearby objects without requiring physical contact. 

Examples include infrared sensors, ultrasonic sensors, 

and LiDAR. 

• Vision sensors: Cameras can be used to visually 

identify obstacles and potential collision points in the 

robot's workspace. 

2) Software-based detection (Collision Checking): This 

method employs computer simulations to predict 

potential collisions before the robot executes its 

movements. Examples of these methods are presented in 

[79]-[99].Collision checking involves: 

• Geometric modeling: Creating accurate 3D models of 

the robot and its environment. 

• Motion planning: Simulating the robot's planned 

movements. 

• Collision detection algorithms: These algorithms 

compare the robot's motion with the environment 

model to identify potential collisions. 

Both sensor-based and software-based detection methods 

have their advantages and disadvantages. Sensor-based 

detection provides real-time information but can be 

susceptible to external factors. Software-based detection 

allows for proactive collision avoidance but requires accurate 

models and computational resources. In many cases, a 

combination of both methods is employed for optimal 

performance. 

B. Applications of Collision Detection in Robotics 

Collision detection plays a vital role in various robotic 

applications, as shown in Fig. 11, including: 

• Industrial robotics: Ensuring safe and efficient operation 

of robots in manufacturing environments. 

• Service robotics: Enabling robots to navigate and interact 

safely in domestic or public settings. 

• Medical robotics: Guaranteeing patient safety during 

robot-assisted surgeries. 

• Autonomous vehicles: Preventing collisions between 

self-driving cars and their surroundings. 

By incorporating robust collision detection systems, 

robots can operate more effectively and safely in diverse 

environments, expanding their potential applications. 

C. Definition of Collision Detection in Robotics 

Numerous algorithms have been created recently to solve 

issues unique to articulated robots. These robots move in 

complex ways and have several limbs connected by joints. 

These robots may be exceedingly challenging to detect 

collisions with, particularly if one wants to take the robot's 

dynamics into account. Real-time detection and response to 

collisions is another unsolved issue. This is crucial for 

computer games and virtual worlds that offer haptic 

feedback. 

Collision detection is an important part of many robotics 

and virtual environment tasks. Often the motion planning 

system is the biggest user of collision detection. Motion 

planning is the computation of a path for a given system to 

move from its current state to a desired state while avoiding 
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collisions. Other uses include haptic feedback, physically 

based simulation, and virtual environments. 

The practice of looking for potential collisions between 

certain objects is known as collision detection. These things 

may consist of two or more robots, a robot and its 

surroundings, or individual robot components. When a 

collision happens, the collision detection system will report 

it. Additionally, it can record the initial collision site. These 

inquiries may return extensive data or a yes/no response. 

 

Fig. 11. Some robotics applications need necessary safety methods 

D. Importance of Collision Detection in Robotics 

The safety in human-robot coexistence makes it important 

to consider a collision avoidance system. It is convenient to 

avoid collisions, but it is also important to be prepared for 

near collisions and know what to do following a collision. It 

has been noted that in dynamic, real-time situations that 

action-selection by the robot following a collision may be 

limited by reduced vehicle/maneuverability constraints and 

that a good decision pre-collision may fail during the limited 

control post-collision time. This makes a case for quality 

local path planning and the ability to directly implement the 

robot’s decision. It was considered before a near-collision to 

be a situation where a collision cannot be avoided by any 

steering control input. This implies that near collisions can 

only be distinguished from actual collisions with knowledge 

of the robot's steering and handling performance bounds.  

The significance of collision detection in industrial 

robotics extends beyond accident prevention to improving 

operational efficiency and enhancing human-robot 

cooperation in high-payload applications [100]. By 

integrating collision detection systems into industrial robots, 

manufacturers can increase productivity by reducing 

downtime caused by collisions, enhance worker safety by 

minimizing the risk of accidents, and improve the overall 

reliability and performance of robotic systems  

Furthermore, the development of virtual sensors that can 

detect and distinguish between human contact and collisions 

further advances the capabilities of industrial robots in 

ensuring workplace safety and efficiency [101]. As collision 

detection technology continues to evolve, its applications in 

industrial robotics will play a pivotal role in shaping the 

future of automation and robotics in various sectors. 

Finally, to implement any sort of collision detection and 

avoidance method, a robot must have a good understanding 

of the environment in which it is moving. This data might be 

provided by on-board sensors or a priori maps, and the 

method must be able to handle uncertainties in the 

environment and changes to the environment dynamics.  

E. Technological Advances and Sensors Used for Collision 

Detection 

Sensor technologies play a crucial role in collision 

detection in industrial robotics, enabling robots to perceive 

and respond to potential collisions effectively, [1]. These 

sensors are designed to detect contact and collisions between 

robots and their surrounding environment, ensuring the safety 

of both the robotic systems and human operators. Some key 

sensor technologies used for collision detection in industrial 

robotics include Force/torque sensors, Proximity sensors, 

Infrared sensors, and Laser scanners. By leveraging these 

sensor technologies, industrial robots can detect collisions in 

real-time, triggering emergency stops to prevent accidents 

and equipment damage. The integration of advanced sensor 

technologies not only enhances the safety of industrial 

robotic operations but also improves overall efficiency and 

productivity. 

Machine learning techniques have revolutionized the field 

of collision detection in industrial robotics, particularly in 

predictive collision avoidance systems [102], [103]. By 

utilizing deep learning approaches, such as neural networks 

and recurrent neural networks like long short-term memory 

(LSTM), robots can learn to anticipate and avoid potential 

collisions based on historical data and real-time inputs [104]. 

Machine learning algorithms enable robots to make split-

second decisions to navigate around obstacles, adjust their 

trajectories, and prevent collisions proactively. This 

predictive collision avoidance capability enhances the agility 

and adaptability of industrial robots in dynamic and complex 

environments. 

The integration of vision systems in collision detection 

has further advanced the capabilities of industrial robots in 

identifying and avoiding collisions with precision. Vision-

based sensors, such as cameras and 3D laser scanners, 

provide robots with visual feedback to map their 

surroundings, detect obstacles, and calculate optimal paths to 

avoid collisions. By combining sensor data with visual 

information, robots can enhance their collision detection 

accuracy and efficiency, enabling smooth and safe operation 

in various industrial settings [105]. The synergy between 

sensor technologies, machine learning algorithms, and vision 

systems has propelled the field of collision detection in 

industrial robotics towards greater safety, reliability, and 

performance [102]. 

F. Future Challenges of Collision Detection in Robotics 

The primary focus of the robotic motion planning 

community has been on the use of collision detection while 

moving articulated bodies through known static 

environments, to a given goal configuration [106].  

This has been framed as the so-called "discrete" problem 

where we seek to determine if there exists a sequence of 

motions for the robot, which moves the end-effector through 

a specified path in configuration space P, from an initial 

configuration to a goal configuration. Here the environment 

is modeled by an implicit representation of the obstacles O, 

and it has been assumed for simplicity that P is a Euclidean 
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space, and the robot moves P with unit speed. This restrictive 

formulation throws up many difficult problems related to 

collision detection but a recent shift in attention to the less 

restrictive "compliant motion" framework offers even harder 

problems and a greater diversity of research opportunities 

[107]. 

Collision detection has been a topic of substantial 

research for several years motivated by numerous problems 

in computer graphics, robotics, computer-aided design, and 

virtual environments. The problem is essentially to determine 

if there are any pairwise collisions between a collection of 

bodies, say a set of n rigid bodies in 3D, and if there are, to 

return the times of the earliest collisions and the pairs of 

bodies which collide. This topic is the first step in simulating 

the motion of mechanical systems, for if we know when and 

where the collisions occur, we can predict the post-collision 

behavior using Newtonian impact laws. In the case of virtual 

environments, we can use this information to animate the 

objects through the simulated environment, so that they move 

in such a way as to avoid these collisions. This makes 

collision detection a useful tool as a method of automatically 

guiding mechanical systems through a designated task while 

avoiding obstacles. 

Eventually, the integration of AI methods with IoT for 

predictive maintenance or advances in 3D mapping for better 

environmental understanding, needs to be applied and deeply 

investigated. 

V. CONCLUSION AND MAIN INSIGHTS 

In this paper, an overview of safety of human-robot 

cooperation is presented. Furthermore, the main challenges 

are outlined and illustrated. Implementing a safety method 

during any control process, decision-making systems, or any 

human-robot cooperation task, is very necessary and must be 

included in a robotic system to minimize the risk or danger. 

During the development of any robotic safety method, ISO 

standards should be followed to avoid any risk or danger 

during the cooperation between human and robot. Sensor-

based or software-based collision detection or avoidance 

methods have their advantages and disadvantages. Sensor-

based safety methods provide real-time information but can 

be susceptible to external factors. Whereas software-based 

safety methods allow for proactive collision avoidance or 

detection but require accurate models and computational 

resources. In many cases, a combination of both methods is 

employed for optimal performance. The synergy between 

sensor technologies, and advanced algorithms such as 

machine learning can improve and give greater safety, 

reliability, and performance. In addition, this synergy can 

provide a balanced approach, enhancing real-time 

responsiveness and predictive capabilities. Machine learning 

is a promising area for enhancing adaptability and accuracy 

in safety systems.  

The main future challenges in safety of human-robot 

cooperation can be presented in the following points:  

• Developing a safety method that has advantages such 

reliability, high accuracy, high effectiveness and 

performance in collision detection or avoidance, less 

complexity and processing time, and cost effectiveness.  

• Furthermore, achieving specific goals for future safety 

methods is recommended, such as reduced system 

latency, robustness to environmental changes, and cost-

effective implementation.  

• Improving sensor accuracy, reducing computational 

complexity, or better integration of machine learning for 

predictive safety methods, can also be some future 

challenges.  

Eventually, the presented study can be a short guideline 

or framework for researchers during the development of their 

future safety methods. The growing importance of human-

robot safety can make collaborative robotics become more 

widespread. 

LIST OF ABBREVIATIONS 

Abbreviation Meaning 

HRI : Human-robot interaction 
HRC : Human-robot cooperation 

pHRI : Physical human-robot interaction 

ISO 
: International Organization for  

  Standardization 

Cobot : Collaborative robot 

AI : Artificial Intelligence 
3D : Three dimensions 

LSTM : Long short-term memory 

IoT : Internet of Things 
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