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1. Research Premise 
 
In the past four years, my research was focused on the Safety Challenge in Human Robot 
Interaction (HRI). I have been concerned with issues of: robot’s reliability, risk assessment, 
safety regulations and standards in advanced tasks, robot critical physical characteristics; 
safeguard sensory systems, ergonomics, and human factors for human-centered robotic 
workplace design. [18]-[24] My research interests are concerned with both the physical and 
cognitive aspects of human robot interaction. In particular, the research addresses the effects 
of the ambient environment on human perception capabilities, human decision making 
mechanisms, personnel attitude toward robots especially when working in robot proximity. 
[24], [26] Driven by the need for an integrated approach to these diverse issues, my work has 
been aimed at the development of a framework that considers in an integrated fashion: human 
factors, robot characteristics, interface properties, and environment conditions. In this effort, I 
worked on a safety expert system that is built on conventional safety regulations to integrate 
newly proposed concepts for safety in advanced applications. [27], [32]  
The system is conceived to communicate with the designer by means of an interface to 
provide hazard analysis and risk assessment and generate the result - recommendations on 
how risks can be reduced within given conditions. I have also worked on the development of 
an active HR interface that is designed to augment human awareness about the surrounding 
environment, and thereby to enhance safety in human-robot coexistence and cooperation. For 
this purpose, I proposed a range of safety instrumentations for the human to provide him/her 
with active tactile and visual stimuli in the event of a hazardous situation. [28] The current 
research is dedicated to develop an integrated safety system that would interconnect all earlier 
considered aspects, related to the human security and work convenience in the collaborative 
workspace. [30]-[34] 
 
2. Abstract 
 
A safety monitoring system, developed in this thesis, is an integrated framework that provides 
the Safety Expert System (SES), Safety Mode Controller (SMC) and Human Awareness 
Interface (HAI) unified operation. The generated protocols of the expert system, safety 
criteria (danger index) and functional modes are the determining elements in the safety 
system.   
 Development of the expert system was meant to provide user (designer) with explicit 
workcell ergonomic and human factor analysis, task related hazards and risk category 
evaluation, which is further reduced by means of the risk reduction and safeguarding 
assessment methodology. The Inference Engine of the knowledge base system is built on the 
fuzzy theory application, that in combination with other techniques, constitutes an effective 
tool for the diverse knowledge presentation and processing. In its output data system generate 
a protocol that is further used for the safety mode controller operating algorithm.  
  The danger index approach was developed to make it available to perform the collaboration 
on different interaction levels. Consisting of two components it enables to control the safe 
distance and minimize the probability of the serious human injury in the case of impact. Its 
evaluation is based on the human and robot collision modeling, where for the danger 
probability and likelihood estimation, human injury and pain tolerance thresholds (head), 
manipulator structural and dynamic characteristics (effective mass, inertia, stiffness, velocity) 
and Head Injury Criteria (HIC) were taken into account. Acquired safety criteria is integrated 
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into the safety mode controller monitoring algorithm determining boundary values for each 
safety mode associated with an interaction level.  
  Safety mode controller is represented as a separated unit that monitors interconnected 
elements (Robot, Safeguarding controllers, present sensing devices, awareness system) in 
compliance with the safety criteria and predefined transition rules. Its functional algorithm is 
based on the safety modes monitoring parameters definition and their continuous control.   
  A human awareness interface is a wearable device that is by means of the vibrotactile and 
visual stimuli intends to evoke or enhance personnel situational awareness about an ambient 
environment, in particular, about the hazard and accident that might take place due to system 
failure or in the event of manipulator exceeding its critical characteristics.  
  The overall safety monitoring system is an integrated safety framework that ensures the 
required level of safety during the collaborative task performance. In the event of any failure 
or inconsistency system responds in compliance with the predefined procedures according to 
the estimated level of the event danger, thereby reducing the severity and probability of the 
possible accident.  
 
3. State of the art 
 
Recently, many researches have been focused on the potential for using robots to aid humans 
outside the strictly industrial environment, in medical, office or home settings. 
   One of the critical issues hampering the entry of robots into unstructured environments 
populated by humans is safety, and more broadly, dependability, that incorporates both 
physical safety and operating robustness. The cooperation between humans and robots is 
affordable if there is a guarantee of the human safety and convenience during the task 
performance.  The most important change of perspective is related to the optimality criteria 
for the industrial manipulators where safety and dependability are the keys for direct 
interaction, and for successful introduction of robots into human environments.  
   The question of safety is discussed in many fields. The most important standard for robot 
safety in factories is the ANSI/RIA R15.06-1999 [1]. This standard addresses the 
requirements for personnel safety in industrial environments where robotic manipulators are 
employed. Other presented worldwide standards: the European standard EN 775 
(“Manipulating Industrial Robots”) [2], and its international equivalent is the ISO 10218 
(“Robots for Industrial Environments-I”, “Industrial Robot System and Integration-II”) [3], 
[4]. The modifications allow cooperation with prescribed limits for speed and power, 
however, the case when robots and people have to share the operational space is not clearly 
discussed. 
Systematized hazard estimation were provided by the OSHASoft hazard awareness expert 
system, that represents an awareness advisor, and serves to identify and understand common 
occupational safety and health hazards in the work place. [5] Another, recently appeared 
Expert System, entitled “Designsafe”, represents an assessment tool that conducts a 
systematic task-based risk analysis, aiding designers to evaluate potential hazards and risks 
with the aim to prevent accidents. System operates with the safety manuals and estimations 
are based on the standardized approach. [6] However, non of these systems can provide 
designers with the explicit guidance about the task related safety/hazard level, required 
working conditions and protective systems to be installed when there is a necessity of a 
human - robot co-existence during the task performance. 
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   Several standard indices of injury severity exist in non-robotic, and robotic domains. The 
automotive industry was the first to define quantitative measures for evaluating injuries due to 
impacts. Based on automobile crush test an Abbreviated injury scale (AIS) was developed.  
[7] The type of injuries are divided in a classification, which relates the type of injury 
(“Minor”, “Moderate”, up to “Critical”), to its consequences and gives a number in a scale 
from 0 to 6 to identify the in the injury severity. However, this qualitative scaling does not 
give any indication on ways to measure injury due to impact with robots and cannot be used 
in the HRI field, as it was proved in the study in [8]. Many researches were provided to 
redesign robot structure, enhance control and planning methods for safety. For instance, in 
order to reduce manipulators arm inertia, the methodology of Distributed Macro-Mini (DM2) 
has been introduced [9]. In the work [10] force/impedance control was proposed. The elastic 
strip framework for motion planning for highly articulated robots moving in a human 
environment was presented in [11]. An integration of joint torque control with high 
performance actuation and lightweight composite structure endowed robots with the safe 
features was introduced by Hirziger et al. in [12]. Moreover, several motion planning 
approaches exist in this context, mostly based on artificial potential fields [13] and their 
algorithmic or heuristic variations.  
  Some controllers for HRI safety are based on minimizing the impact force during human 
robot contact. [14] In the work [15] authors use a contact force dependant danger index to 
ensure a safe interaction. The index is a ratio of the actual force to the largest “not dangerous” 
impact force. In the work [16] it was proposed to control MSI (Manipulator danger index), 
however, in view of the conflict of some parameters this criteria can not reflect a real hazard 
extent caused by the robot under its certain configurations. Physical safety was complemented 
by the “mental safety”, i.e. by the awareness of robot motion, avoiding scaring postures and 
abrupt movements in the work [17]. 
   However, in spite of the number of solutions recently presented, the most effective way to 
provide safety remains a robot’s structure redesign while the most widely used is human and 
robot separation. Both solutions are not applicable neither in industrial environment where 
redesigning already existed robotic system is an issue, no in collaborative tasks where h-r 
synergy is necessary. 
  
4. Research Motivation and Objectives  
 
An extreme degree of automation may not be always the most suited approach for 
manufacturing. When the production involves a smaller number of units with design 
variations and increased task complexity, the high cost of infrastructures, reprogramming, and 
validation all point towards different manufacturing solutions. Robots today are limited in 
their abilities to perform advanced tasks that require a high degree of perception and skills.  
These capabilities are still difficult to achieve in a robust and cost-effective way.  
   Human’s sensory/motor abilities, knowledge and skills can be thus effectively combined 
with the advantages of a robot (e.g., power, endurance, speed, and precision). Working 
together with human, assistive robots can, in addition to their ability of handling special tasks, 
cover a broad spectrum of different tasks. During the interaction with people, robots must be 
able to execute basic performance involving planning, navigation, exploration and 
manipulation.  
  The Human Robot Interaction (HRI) area has a widespread field of applications, where 
collaboration can be carried out at different interaction levels with various extent of danger.     
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Some tasks require a very close human presence or even contact with robot parts. For other 
tasks, a distant monitoring can be sufficient. In both cases the movements and workplaces of 
the human and robot can overlap. Working in a close vicinity of robots implies a high 
probability of an unforeseen contact that may cause pain or injuries to the human body. Thus, 
it’s essential to investigate the body tolerance to these undesirable collisions and to design the 
human-robot (h-r) coexistent system with this consideration in mind. 
   The coexistence of humans in robots’ operational domains brings a significant risk of 
dangerous situations for those involved. It is therefore critical that only dependable robot 
systems are deployed for human-robot collaborative tasks. Safety and reliability is the unified 
criterion for future technical challenges in the design and control of robots operating in the 
human environments. Unfortunately, mechanical structures and physical characteristics of 
most industrial robots currently available on the market are far from meeting these 
requirements and carry a high risk of causing severe injuries to humans. To insure human 
safety, it is important therefore to develop a safety system with futures that address the 
mechanical characteristics of the robot, as well as the safety characteristic of its path planning 
and control strategies.       
   The key goals of the research presented in this thesis were to identify the tasks associated 
possible hazards, to develop appropriate safeguarding strategies, and to build an integrated 
safety system that would ensure human safety and confidence when operating inside the 
robotic workspace. With this aim, the collaborative workspace was build, where human safety 
within the interaction is evaluated by combining the off-line risk assessment, reduction 
procedures, and the on-line safety monitoring system. The control strategy is addressed via 
safety modes and danger indices monitoring during the task performance. Safety modes 
authorization is performed by the Safety Expert System assessments, that implies compliance 
with the safety and ergonomic requirements according to the identified risk category and 
interaction level. With the aim to enhance human vigilance and situational awareness during 
the interaction, a wearable vibrotactile interface is introduced as a complementary personnel 
protective system. This interface is also integrated into the overall safety system architecture 
and which operation conforms to the predefined safety rules. 
 
5. Safety System Description 
 
The architecture of the proposed safety system is conceived as an integrated protection system 
consistent of four levels determined by the very nature of the human-robot interaction. (See 
Fig.1) The first level (L1) corresponds to tasks involving overlapping of the workspaces of 
the human (operator) and the robot during the task performance, where physical contact is 
allowed. In the next level (L2), agents are invisibly separated whether by the task distribution 
or by the defined control strategy. The human, due to the specificity of the task, can carry out 
his/her task in a very close proximity to the robot. Within this level the human is allowed to 
enter the restricted workspace, but not the robot operating space. The third level (L3) is 
located further away from the second level, but an operator may still be within the robot arm’s 
reach and can therefore be exposed to a certain degree of danger or risk of injury. Finally, the 
fourth interaction level (L4) is defined as the level outside the robot working envelope, but 
this area is not protected from thrown objects or released energy. Separation between levels 
depends mainly on the robot structural and operational characteristics and on the task specific 
characteristics. Some aspects of human physiology (anthropometry, biomechanics) as well as 
psychology (attitude) are also included into the differentiation of these various levels. 
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Fig. 1 Safety System Architecture 

 
  All robot tasks and human roles are associated with a certain level of interaction enabling to 
monitor each zone separately by controlling at each time a predefined set of parameters 
received from the Safety System constituent elements. This monitoring system is called 
Safety Mode Controller and monitoring zones - Safety Modes (see Fig. 2, Mi). The main 
components of the integrated Safety System are Safety Expert System, Safeguarding and 
Human Sensing System, Robot Controller (Robot), and Human Awareness Interface 
(Human). All elements are interconnected with the Safety Mode Controller which operates 
according to the safety criteria, predefined for each safety mode (interaction level).   
   The Expert System together with the off-line task description and associated interaction 
level provide (i) hazard analysis and risk assessment; (ii) estimates the ergonomic and 
safeguarding conditions according to the task risk category; (iii) analyses the human factor 
and cognitive, physical load of the task; (iv) and, as a result, generate a protocol that indicates 
the system’s “readiness” (or not) for the task performance.  
  Robot critical characteristics are also partially estimated in the Expert System, where user 
(designer) specifies a type of a manipulator and its operating parameters. Knowing the 
interaction level, the task specific, the human role and the robot physical characteristics, 
safety modes can be adjusted to control the corresponding zones according to the safety 
criteria. The closer the interaction is the more restrictive the requirements to the operating 
parameters are. Safety criterion is mainly based on the developed in the research Danger 
Index metric, which consists of force/acceleration and distance danger evaluation measures.  
A distance from the hazard is evaluated by proximity sensors (scanner, cameras, etc.), 
capturing the operator location at each moment. Monitoring parameters and operating 
algorithms are changing depending on the currently activated Safety Mode and ambient 
conditions. To hold a safe distance between the human and robot is a general safety criterion, 
that is a default requirement for non-contact interactions (DiL1-4). Monitored distances for 
each safety mode were identified based on the robot structural and operation characteristics, 
and the human factor physiological and psychological demands (visual, reach, “feel safe”). 
(see Fig. 2, Li)   
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  The force/acceleration related index can be considered within all levels when there is a 
probability of impact. Within this criterion also 4 levels were defined, where in the case of an 
unanticipated contact, the injury or pain can be caused to a human.  
The first danger criterion (Dif1) is associated with “no pain” level, second (Dif2) with “no 
injury”, and the last two (Dif3, Dif4) can be called “tolerable injury”. Abbreviations were 
chosen in compliance with the corresponding interaction levels, where these criteria can be 
applied. The introduced index mainly depends on the robot working characteristics as speed, 
effective mass, interface stiffness and impact force, however, other parameters can be added 
into the monitoring algorithm strategy. (see Fig. 2, Ri)    
The Safeguarding systems that were chosen with the aid of the Expert System assessment 
techniques, should be also controlled by the monitoring system. Some protective means 
remain the same on several levels of interaction; others require some changes in operating 
parameters. Therefore, there is no defined boundary in the safety elements transition control 
algorithms and their sets of characteristics are overlapped. (see Fig.2, SSi). 
 
 
 

 
Fig. 2 Safety Mode Controller Operating Paradigm 

 

Once the safety mode has been activated all monitoring elements should comply with the 
rules identified in the safety protocol at each moment of time and forced to stop (or act in 
conformity with a safety algorithm) in the event of any inconsistency.  
A human warning system (Human Awareness Interface), mounted on the individual wrist and 
interconnected with the Safety System, alerts an operator about the system current state by 
imparting vibrotactile and visual cueing. Therefore, even being destructed or unaware about a 
hazard, the human operator will be able to react quickly and safely according to these signals. 
 
6. Thesis Overview  
 
The research and literature analysis, presented in Ch. II (I), showed the versatility of the field 
of human robot interaction and the increase importance of the safety issue, which remains a 
challenge for many robotic system applications. The Safety Monitoring System, developed in 
this research, consists of four major parts: Safety Expert System, Safety Criteria for HRI 
realm, Safety Mode Controller, and Human Awareness Interface.   
 
6.1 Safety Expert System 
 
The Safety Expert System (SES) development, elaborated in Ch.III, is dedicated to assist the 
designer in the task analysis and risk assessment.  Inference Engine of the system is based on 
the Fuzzy Logic Integration method, that offers both: a more realistic estimation of hazard 
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and a more accurate assessment of the risk associated with the task. The safety expert system 
overcomes the limitations and shortcomings of conventional risk assessment techniques 
reported in safety manuals.  
The interaction levels differentiation approach, which is used for the task analysis, and later 
for the safety mode identification and control algorithm, is based on the manipulator’s 
structural and operating characteristics, working conditions and human (operator) 
physiological, psychological estimations. The proposed risk assessment algorithm identifies 
the danger associated with the robot and task, while taking the Human Factors (HF) and 
working conditions into consideration. Moreover, the new SES provides the designer with the 
following important functions: assignment of personnel task performance; the characteristics 
of the workplace ergonomy and protective system requirement.  Thereby the expert system 
authorizes the personnel to proceed with the interaction based on its estimation of whether the 
workplace layout is sufficient from the ergonomic and safety point of view.  
The main output of the system is a risk category evaluation, a list of possible hazards, 
required (necessary/recommended) safeguarding systems, and standard procedures 
(guidelines) necessary for risk reduction. This assessment gives the first authorization of the 
safety modes, discussed in Ch. V, which indicates the “readiness” of the system for 
performing a task and can also specify the Safety Criteria for the estimated task.   
 
6.2 Danger Index Approach 
 
The Safety Criteria, developed in the Ch. IV, is based on the Danger index approach (DI) 
integrated into a decision making algorithm of the safety controller (see Ch. V). The method 
is based on the force (acceleration) (Dif) and distance related indices (DiL), which have been 
established using the h-r collision modeling and HIC (Head Injury Criteria) criterion 
application. The distance related index guarantees non-contact interaction at anytime. 
Therefore, the space between the human and robot should remain sufficiently safe, i.e. the 
robot stops before a contact could occur.  
An injury scaling for the force/acceleration danger indices is also introduced in this chapter. 
Its estimation is developed on the basis of the Modified Abbreviated Injury Severity (MAIS) 
curves, indicating the probability and severity of injury. The gradation is based on the 
experimental measures of the human head injury (pain) tolerance thresholds. During analysis, 
four main criteria have been evaluated and associated with the interaction levels. Levels 1, 2 
were defined to possess with the most restrictive requirements, i.e. the maximum possible 
manipulator impact forces were 150N (pain tolerance) and 660N (maxilla fracture) 
correspondingly, where only 1% of the Serious Injury is acceptable.    
 
 
6.3 Safety Mode Controller 
 
Safety Mode Controller (SMC), discussed in the Ch. V, is operating on the basis of the 
algorithm introduced in the same chapter, which initial authorization is provided in the Expert 
System. The main monitoring elements are manipulator, distance to the hazard (interaction 
level) and the safeguarding systems. The monitored set of characteristics is changing 
depending on the task requirements, the applied safety criteria, including the danger index 
approach, and the specified safety mode. Thus, each mode contains a certain set of 
permissive/restrictive parameters, combined into the robot, distance and safeguarding systems 
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related domains. The evaluation of these parameters (range of values) is based on the risk 
category, level of interaction, robot operational and structural characteristics, and the selected 
safety criteria. Transitions between Safety modes take place according to predefined transition 
algorithms.  
 
6.4 Human Awareness Interface 
 
To further improve safety, an innovative method for human awareness augmentation is 
proposed in Ch. VI. The approach proposes a vibrotactile interface to be used for subjects 
assigned interact with the robot in its close vicinity. This wearable interface is conceived to be 
attached on the human wrist and interconnected with the overall safety system including the 
safety mode controller. Visual and tactile signals with different intensity warns the human 
(operator) about any danger or inconsistency in the system, which may require immediate 
response. Two possible designs of the interface structure were proposed. The communication 
with the safety system is performed in compliance with the safety algorithm (see Ch. V, VII), 
controlling signal intensity and color of the LEDs. 
 
6.5 Integrated Safety Monitoring System 
 
Finally, in Ch. VII, all elements are interconnected representing an integrated Safety 
Monitoring System (SMS), where the major components are: Safety Expert System (SES), 
Safety Mode Controller (SMC) and Human Awareness Interface (AI) 
Chapter VII also presents a “case study scenario” modeling, which illustrates the applicability 
of the approach developed in this thesis. This study was provided for the Robot-Human 
Scanning system with a KR6 robot application (“Ruharobot” project [18], [21]), with three 
personnel involving into the process: operator (tasks: teaching, operating, troubleshooting), 
scanning person (passive role) and observer. The results were established using the expert 
system’s generated output and were further analyzed and evaluated with the aid of computer 
modeling.  
 
7. New Scientific Results (Thesis groups)   
 
The new contributions of the PhD work are summarized in the following thesis groups: 

Thesis 1 
 
Developed a knowledgebase system, that brings a host of new capabilities to assist the 
designer in the task related risk analysis procedures.  
   1) Effective and comprehensive new tools are made available in the form of procedures, 
which are based on the fuzzy logic integration method (see Fig. 3), to address the Risk 
assessment. The risk assessment algorithm identifies the danger associated with the robot and 
task, while taking into consideration the human factors (HF) and working conditions. This 
approach allows overcoming the limitations and shortcomings of conventional risk 
assessment techniques reported in safety manuals and can be considered as a complementary 
tool for the hazards estimations in collaborative tasks. [20], [27], [32] 
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Fig.3 Risk assessment with the Fuzzy Theory application (SES’s Inference engine interface, Delphi) 

 
  2) A method for the evaluation of the combined personnel and ergonomic characteristics 
was proposed. The approach is based on the estimated factor importance rate, which uses the 
fuzzy ranking method (or priority in hierarchy) in combination with the task specification 
analysis that evaluates the task related additional cognitive and physical loads with reference 
to the interaction level. (see Fig. 4)This approach enables the designer to perform an in-depth 
analysis of the task related work conditions and a full assessment of the characteristics of the 
personnel engaged in the interaction. [29], [32]  
 
   

 
 

Fig.4 ES’s Personnel and Ergonomic Assessment (ES’s Interference engine interface)   
 

Thesis 2 
 
Formulated a metric for the estimation of the level of danger in the human-robot interaction 
domain for use in path planning and control strategies. It comprises an injury severity scale 
(see Tab. I, Fig. 5) introduced for the various levels of human robot interaction and a 
generalized danger index, which takes into consideration the robot structural and dynamic 
characteristics and the human factor constraints. (eq. 1-6) This methodology can be 
effectively used to generate safe and valid paths through the entire robot workspace. [31], [33]  
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            Table I. Injury severity scale for a HRI 

 
 

 

Peak linear 
acceleration 

ac, g 

Critical 
Forces, 
Fc, KN 

Interaction 
Level  

N 

Serious Injury 
Probability 

% 
<2,5 <0,15 1 No Pain 
<13 <0,66 2 No Injury 

13-62 0,66-3,12 3 Minor (1) 
62-80 3,12-4 4 Moderate (10) 
80-128 4-6,4 - Serious (>50) 

 
 

Fig.5 Safety Criteria Scale with respect to the 
Interaction Levels 
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Thesis 3 
 
   Proposed a methodology of a safety mode controller design and developed an operational 
algorithm, which is based on the safety modes and the associated safety criteria monitoring. 
For each mode, three domains with their associated set of parameters are defined, namely: 
distance related, robot related and safeguarding related (eq. 7-9). The definitions and control 
strategies for these parameters depend on the level restrictive characteristics, the applied 
safety criteria and transition algorithm, which functional concept is the basis for the transition 
rules formulation (see Tab. II, Fig. 6). The safety mode controller by integrating into the 
overall safety system as an independent unit is aimed to ensure the dependability and 
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reliability of the decision making procedure. The approach is applicable for all human-robot 
collaborative tasks and can be extended for social robotics applications (e. g. mobile robot 
guides). [30], [31], [34]  
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      Table II Safety Modes transition rules 
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 Fig. 6 Safety modes interconnection 

  
Thesis 4 
 
  Proposed a novel concept for a human situational awareness augmentation. This 
augmentation is based on the attention directing principle and human factor perceptual 
modalities analysis. The approach implies a vibrotactile wearable interface application 
designed to impart warning signals, according to the predefined cueing algorithm, about the 
system diverse conditions to subjects assigned to interact with the robot in its close vicinity. 
The interface is conceived to be attached on the human wrist and interconnected with the 
overall safety system including the safety mode controller. The specification of the range of 
intensity and type of the stimuli is based on the Weber Fechner law and the hand sensitivity 
thresholds. [24], [28] 
 
 
Thesis 5 
 
Developed a general safe planning methodology for tasks involving human-robot interactions. 
   1) The approach integrates the diverse characteristics obtained from the analysis of human 
factors, the estimation of the robot system’s structural and operating properties, the 
examination of the ergonomic working conditions, and the analysis of safeguarding 
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techniques.  The approach is proposed, where all collaborative tasks and human roles are 
correlated to a certain interaction area, that allows systematizing hazard assessment and risk 
reduction procedures, while simplifying safety control strategies. [18], [19], [26], [29] 
   2) To bring the various features of safety in a fully integrated architecture, a new design of a 
generalized safety monitoring system was proposed that integrates assessments, measures, and 
the SES rules. This new safety monitoring system, interconnected with the robot, 
safeguarding controller, and the human awareness interface via the safety mode controller 
protocols, is aimed to provide an effective, harmless interaction between humans and the 
robot. (see Fig. 7) [31]  
 
 
 

 
 
 

Fig. 7  Integrated Safety Monitoring System Architecture; Abbr.: PC- personal computer/work station, TP-tech pendant, RC-
robot controller, HAI- Human Awareness Interface, SS, L, R-safeguarding system, distance and robot related monitored 

parameters resp., Mi- safety mode.  
.  
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