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momentum of a robot in a way that contact between an operator and the robot will 
not cause any injury. After determining the requirements and specifications of 
hybrid assembly cell, few of the above-mentioned methods for evaluating the safety 
of human-robot-collaboration procedure have been tasted in the laboratory 
environment. Due to the lack of safety camera (sensors) in the laboratory 
workstation, the ISO methods such as SSM, that needs sensors in the workstation, 
have been modeled in virtual environment to evaluate different scenario of human-
robot-interaction and feasibility of the assembly process. Implementing different 
scenarios of ISO methods in hybrid assembly workstation not only improves the 
operator safety who is in interaction with the collaborative robot but also improves 
the worker ergonomic during the performing of repetitive heavy tasks. 
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Chapter 1 

Introduction  

1.1. Background  

Nowadays, one possible solution for industrial workers whose tasks are 
characterized by non-ergonomic duties may be replaced by industrial robots. These 
duties mainly consists of operations with heavy loading, painful or rough 
positioning of objects with respect to the worker or dangerous tasks such as working 
with toxic or hot objects. 

The noticeable characteristics of robots are to be able to perform repetitive tasks 
which need high accuracy to fulfill goals; they are also fast and tough enough, in 
comparison with humans, to make it possible to speed up their duties completeness 
with better quality and cheaper cost. Now this question rise up: why should we keep 
along the production lines humans which can produce errors? The answer is that 
some duties need operators able to think but robots are not capable of thinking, they 
just execute commands and accomplish pre-learned movements. In other words, 
robots are designed with six or seven degrees of freedom and they are limited by 
their determined programming, while humans are more flexible, for example the 
upper limb of human body has thirty degrees of freedom. A lot of challenges and 
barriers have still remained in both fully-manual and fully-automated operations. 
Human-robot cooperative techniques are trying to break these barriers by utilizing 
of personnel together with robots in challenging applications [1].Whenever all tasks 
are performed by human operators in production line, the working efficiency and 
productivity are important issues. On the other hand, many solutions have been 
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to develop a complete analysis of manufacturing processes that have been designed 
to exploit the advantages of using human-robot cooperation. The developed 
analysis takes into consideration different aspects of operator´s safety and 
ergonomic issues. Different standards for collaborative robots have been considered 
to reduce chance of the operator´s injury in the workstation. The implementation of 
ISO standards both in laboratory and virtual environments for simulating, 
visualizing, evaluating and optimization of human robot collaborations not only 
resulted in an improvement of the safety of worker but also of the ergonomic of the 
operator during the assembly process.  

This objective is met through addressing the following research questions: 
 
RQ1: How can be performed simulation, visualization and evaluation of 

human-robot collaboration workstations with respect to the ISO standards and 
constrains? 

RQ2: How can human-robot collaborative workstations be optimized? 
RQ3: How can simulation, visualization, evaluation and optimization of 

human-robot collaboration be applied in design of real and laboratory workstation? 

1.5. Overview of the thesis 

Chapter I presents the different concepts of human-robot interaction levels and 
discusses the problems and objectives of this research.  

In Chapter II various aspects of human-robot collaboration, which are presented 
on related work in the literature, will be reviewed. In the first part of chapter II, 
hazards related to the robots are identified then standard techniques regarding to 
each interaction levels are discussed for decreasing the chance of dangerous 
accidents.  In the next section, up to date strategies for approximating and refining 
safety at the designing and planning stages are considered.  

Chapter III reviews the specific topics which are related to decision making 
methods and task analysis. These methods were selected after deeply studying and 
reviewing of different methods in published papers.  

In Chapter IV, the overall methodology of the thesis is presented. It is a 
combination of knowledge-based requirements including rules and standards in 
robotic safety and ergonomics which are applicable for human-robot interaction 
domain. The first part of this methodology is based on decision making approach 
to introduce advantage and disadvantage of robot collaboration application beside 
human during complete tasks. Then decision makers apply Analytic Hierarchy 
Process (AHP) method to decide whether applying robot beside human or ignore it. 
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finger, hands, head and chest are utmost common body parts involved into potential 
accidents. (See Figure.2.3). 

 

 
Figure 2.3. The 36 robotic accidents failure by types of injury [28] 

 
Robot accident origins can be categorized into three main classes: engineering, 

human behavior and environmental conditions. The first category is engineering 
which is contains the failure of robot mechanism (electrical, mechanical), sensors, 
robot controller and associated equipment (electrical, mechanical, software). The 
significance if these failures are abrupt motions, runaways, arm high uncontrolled 
speed, acceleration, force, energy ejections, etc. 

The second category is behavioral class which contains human error factors 
which may originate from inadequate safety training, incorrect ergonomic 
workplace or equipment design, high task cognitive load, inadequate task 
distribution, etc. The consequences can be: loss in situational awareness, attention 
and hazard perception, unauthorized entry into dangerous work space, erroneous 
robot operation and task performance, etc. 

The third category is environment class which is related to the conditions 
required for a normal robot and convenient human operations. This implies ambient 
temperature, humidity, lighting, noise and vibration levels, as well as ergonomic 
factors consideration in equipment and workstation design.  

Industrial users of robots and manufactures have improved the robot 
safeguarding methods, such as: features of robot safety with different design, 
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The International Organization for Standardization (ISO) developed the ISO 
10218 [35] standard (the international equivalent of R15.06) the new concepts of 
industrial robot safety were presented. It is divided in two categories: guide lines 
for the assurance of safety in design and construction of the robot and for the 
safeguarding of personnel during robot integration, installation, functional testing, 
programming, operation, maintenance and repair. Part II has been recently modified 
and it allows operator to cooperate due to presented limits for speed, power and 
additional safeguard installation, although the operational space is not complete and 
obviously discussed. In the following further details will be given about standards 
and technical specifications, also in Figure 2.6 the schematic of standard 
requirements in manufacturing systems are presented. 

 
 

 
 

Figure 2.6. The schematic of standards requirements in manufacturing systems 
 

  
























































































































































































































































































