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In a working situation on an automated assembly machine, technical drifts during operation can lead to machine dysfunctions. These 
dysfunctions may cause the operator supervising the machine to adapt and respond to reduce the effect of these technical drifts on the rest 
of the working situation. To respond to these dysfunctions the operator may expose him or herself to hazards and thus be in a hazardous 
situation.  (Lamy & Perrin, 2020) showed the feasibility of identifying this kind of potentially hazardous situation by observing the working 
situation. Here, we propose a method called Working Situation Health Monitoring (WSHM). The goal of this method is to identify these 
potentially hazardous situations by analyzing the potential drift of working situations and monitor the advent of potentially hazardous 
situations using equipment and production data. It consists of three steps: firstly, we model the working situation studied to characterize 
the nominal working situation; secondly, we analyze cause-and-effect relationships between potential process drifts, potential operator 
responses and potentially hazardous situations; and thirdly, we construct a health indicator of the working situation based on knowledge 
of potentially hazardous situations identified in the second step and by equipment data. This paper also presents the application of the 
method to a case study (an educational automated assembly machine).  
 
Keywords: Occupational safety, Dysfunctional analysis, Work situation, Technical drift, Human-Machine interactions, Human error, 
Hazardous situation analysis, System modeling. 
 

 

1. Introduction 

In France in 2016, nearly ten percent of all work-related 
accidents occurred on machines (of the 574478 work-
related accidents in France in 2016). Industrial sectors are 
those most affected, with about a quarter of work-related 
accidents involving machines. These numbers can be 
explained by the considerable presence of machines in these 
sectors (Demasy et al. 2020). 

In the same year, accidents on machines caused more 
than 4,000 permanent disabilities (12% of all permanent 
disabilities over the year) and 3 million days of work 
stoppage (7.5% of all days of work interruption over the 
year) (Brasseur, Ravallec, and Vaudoux 2019).  

To sell a machine on the market of the European 
Economic Community, all designers and manufacturers 
must comply with the "essential health and safety 
requirements" set out in the Machinery Directive 
2006/42/EC (CE 2006). This directive is transposed into the 
French Labor Code by articles R. 4311 and R. 4312). 
Consequently, confidence is placed in harmonized 

standards attesting to the conformity of machines with this 
directive (e.g. ISO12100:2010 (ISO 2010), etc.). 

To prevent these accidents, “the solutions to be 
provided are primarily aimed at intrinsic prevention, in 
order to eliminate or reduce the risk right from the design 
stage, by integrating the operating characteristics of the 
machinery and its maintenance.”[2]. The purpose of these 
solutions is to limit or eliminate the occurrence of hazardous 
work situations for the operator of work equipment by 
reducing or eliminating the operator's exposure to a source 
of hazards. 

However, even if risk reduction measures are taken at 
the design stage, the specificities of the machine's use must 
also be taken into account. This is done within the 
framework of the Use Directive 2009/104/EC (CE; 2009) 
also transposed in the French Labor Code by articles 
R4321-1 to R4321-5. In this paper, we will look at the 
impact of the operating context that causes the equipment 
or the production process to drift. This can lead the 
machine’s operator to react to maintain the performance of 
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their machinery. (Pariès 2011; Pariès and Wreathall 2017; 
Léger 2009). 

These drifts can result in modifications of the machine 
(Polet, Vanderhaegen, and Millot 2009; Vanderhaegen et al. 
2011) or of activities carried out by the operator (Pariès 
2015; Lamy and Perrin 2020; Hollnagel 2006). These 
changes are called operator responses to a technical drift 
(machinery malfunctions, product flow drifts, etc.) and can 
place the operator in a potentially hazardous situation. 

This paper presents an approach for the identification 
of these potential hazardous situations following an 
operator response to a technical drift of an automated 
assembly machine.  

This paper is structured as follows:  

 Section Two defines the potential hazardous situations 
following a response by a machine operator to a 
technical drift.  

 Section Three gives an overview of the Working 
Situation Health Monitoring (WSHM) method 
proposed and explains its purpose.  

 Section Four presents an overview of the first step of 
the method and a case study.  

 Section Five presents an overview of the second step of 
the method.  

 Section Six presents the application of these two steps 
to a case study. 

 Section Seven concludes this article and proposes 
perspectives for the continuation of this work and the 
development of the WSHM method, in particular the 
third step of the WSHM method. 

2. Operator response leading to a hazardous situation  

The link between technical drift, operator response and 
hazardous situation is defined by Lamy & Perrin: "When 
using a machine or automated system, dysfunctions such as 
the jamming of a part can occur and disturb the normal 
production process. To solve this dysfunction, the operator 
may place himself in a hazardous situation.” (Lamy and 
Perrin 2020). 

These "operator responses to technical drift" are 
similar to what is called in ISO12100:2010: "interactions of 
person(s) with the machine, including the correction of 
malfunctions" in the part concerning the “human factor” 
during risk estimation (ISO 2010).  

In order to better understand the causal links between 
the different events leading to a hazardous situation 
following a response of a machine operator to a technical 
drift, we first propose to define what is meant by "operator 
response" and "hazardous situation". 
 

2.1. Operator response 

During a technical drift, an operator can make the decision 
to adapt to the drifting situation. (Le Bot 2011). This 
response contributes to the resilience of the work situation 
but can also put an operator at risk. An operator's response 
to a technical drift leading to an accident falls into the 
category of "human error" and/or "human factors" (Reason 
1990; Van Elslande 2000; Chauvin 2010; Vanderhaegen et 
al. 2011; Larouzée, Guarnieri, and Besnard 2014).  

Van Elslande reminds us that "[human] error should 
not be analyzed as the primary cause of accidents, but rather 
as the consequence of malfunctions upstream. If man makes 
a mistake, it is rarely not because he has sought it; it is most 
often because the external (environmental) as well as 
internal (human) conditions of his activity did not allow him 
at a given moment to face the requirements of the 
[prescribed] task he was confronted with" (Van Elslande 
2000). 

In this case, the response of an operator to a technical 
drift is linked to the perception of the situation in which they 
find themselves (Endsley 2017). An operator supervising 
the machine(s) as well as the product flow(s) will be able to 
perceive drifts (Boyd 1995; Endsley and Garland 2000; Hoc 
2000; Boy 2015; Duponnois et al. 2019). 

The perception of the technical drift is perceived by 
the operator through the drift of interactions between 
themselves and the technical component of the working 
situation (Duponnois et al. 2020). 

 

2.2. Hazardous situation 

In standard ISO 12100:2010, a hazardous situation is 
described as the “circumstance in which a person is exposed 
to at least one hazard” (ISO 2010). 

In the same standard, a hazard is described as a 
“potential source of harm”. Harm is described as a “physical 
injury or damage to health (ISO 2010). 

If a person is in a hazardous situation, a hazardous 
event can lead to harm (“event that can cause harm” (ISO 
2010)). Thus, the condition of occurrence of harm can be 
represented as in the Figure 1.  

 
Fig. 1. Condition of occurrence of harm based on ISO/TR 14121-

2 (ISO; 2012). 
When a machine operator responds to a technical drift, they 
can expose themselves to a hazard and thus be in danger 
(hazardous situation). 

To prevent this kind of hazardous situation on 
automated assembly lines in operation, this paper proposes 
a method to identify and monitor them: the Working 
Situation Health Monitoring (WSHM) method. 
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Fig. 2. Activity diagram of the WSHM method proposed. 

 

3. Proposal of Working Situation Health Monitoring 
(WSHM) method 

The WSHM method proposes results from the following 
question: can we monitor an initially safe working situation 
to anticipate the occurrence of a potential hazardous 
situation following a response of a machine operator to a 
technical drift? (Duponnois et al. 2019). 

To allow the monitoring of the working situation in an 
automated and continuous way, this method is based on 
existing health management tools used to monitor the 
“health” of a technical component like Prognostic and 
Health Management described in (Kalgren et al. 2006; 
Cocheteux 2010). 

The goal of the WSHM method is to provide a health 
indicator of the working situation studied on an automated 
assembly machine in operation, i.e. the more a hazardous 
situation is likely to occur, the more the working situation 
health indicator will be degraded.  

To build this health indicator of the working situation, 
we need to identify a potential hazardous situation 
following a response by the machine operator to a technical 
drift. In this part, the dysfunction analysis of the whole 
situation will be performed. Therefore, in addition to the 
drift analysis of products (flow and objects) and machines, 
we propose to analyze the drift and the advent of 
interactions between operators, machines and products in 
the working situation.  

Prior to the dysfunction analysis, the method will start 
with the collection of information about the nominal state 
of the working situation (structure and behavior). Since a 
working situation is a complex system, we will model it as 
such. This information collection results in a data model of 
the working situation studied.  

Thus, the WSHM method proposed is divided into 
three steps:  

 First, a modeling step where we model the working 
situation studied to characterize the nominal working 
situation (R1); 

 Secondly, an identification step where we analyze 
cause-and-effect relationships between potential 
process drifts, potential operator responses and 
potentially hazardous situations (R2); 

 Thirdly, an indicator definition step where we construct 
a health indicator of the working situation based on 
knowledge of potentially hazardous situations 
identified in the second step and by equipment data. 

The first and second steps will be described in the two 
following sections. The idea behind the third step will be 
introduced in the final section. 

4. Modeling the working situation (R1) 

The goal of the first step of the WSHM method is to 
generate a data model containing information about the 
working situation studied on machines in the operating 
phase. 

In this first step, we will use the Working situation 
model presented in (Duponnois et al. 2020) as a reference 
to model the working situation studied.  
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In addition to the reference model, performing this 
step requires: 

 Technical documents: this includes all the documents 
describing the machines and their components, the raw 
materials and product descriptions. They can be 
completed with observations of the working situation 
studied; 

 The description of the machine operator’s activity 
(worker): list of activities assigned to each operator in 
the working situation. 

These documents/observations will be used to study the 
structure and the behavior of the working situation studied, 
and identify interactions and hazards in its nominal state 
(without drift). It should be noted that in a nominal working 
situation on a machine, the operator cannot be in a 
hazardous situation even if hazards exist. 

A single person (who can be a member of the 
workgroup of the second step) carries out the first step of 
the WSHM method. 

The result of the first step is an instantiated working 
situation model of the working situation studied (data 
model). 

 

4.1. Sub-steps proposals 

The first step of the WSHM method (R1) is composed of 
eight sub-steps (R1.1 to R1.8) and represented as an activity 
diagram (SysML) in Figure 2. 

The goal of sub-step R1.1 is to model the working 
situation studied viewed as a “black box” (the interior of the 
object is not described in its context). This context is 
composed of: the description of the working space (physical 
area in which the work is situated), the physical working 
environment (parameters like temperature, air pressure, air 
quality, etc.) and flow of raw materials, products and other 
objects entering and exiting the working situation. 

The goal of sub-step R1.2 is to model the activity of 
the working situation studied viewed as a “black box”. This 
activity description allows describing which flows 
(products, information, etc.) enter the situation and which 
flows leave it.  

The goal of sub-step R1.3 is to model the structure of 
the working situation studied, this time viewed as a “white 
box” (the interior is described, as opposed to the “black 
box”). Since a working situation is composed of operators, 
machines and tools (manual tools for the operator to use), 
this step consists in modeling each one of them viewed as a 
“black box”. It is noteworthy that since the operator is a 
human being we will not model them more precisely than a 
“black box”: the goal of this method is not to specifically 
model humans.  

The goal of sub-step R1.4 is to model the 
behavior/activity of each component of the working 
situation studied. The activities of the machinery and each 
operator are modeled. The descriptions of the activities 
allow describing which flows (products, information, etc.) 
are exchanged between the components of the working 
situation. 

The goal of sub-step R1.5 is to model the structure of 
the machines in the working situation studied, this time 
viewed as a “white box”. A machine is composed of its 
components. This decomposition of the machine into its 
components is useful for the second step of the WSHM 
method, where the description of the machine components 
will be analyzed to better understand the causes of its 
dysfunctions. 

The goal of sub-step R1.6 is to model the 
behavior/activity of the machine’s components. The 
activities of each machine component are modeled. The 
descriptions of the activities allow describing which flows 
(products, information, etc.) are exchanged between the 
machine’s components and between the latter and the other 
components of the working situation.  

The goal of sub-step R1.7 is to model all the 
interactions between the operator, tools, products and 
machine components. The way these interactions are 
modeled is presented in  (Duponnois et al. 2020).  

The goal of sub-step R1.8 is to model all the hazards 
and the resulting hazard zone (“any space within and/or 
around machinery in which a person can be exposed to a 
hazard” (ISO 2010)). Information on hazards can be found 
in previous “hazard identifications” performed on the 
machinery. If none had been carried out on the machinery, 
a machine risk expert has to perform one to identify the 
hazards before they can be modeled.  

 

4.2. Conclusion on the first step of the WSHM method 

At the end of this step, the working situation studied is 
modeled in the instantiated model of the working situation. 
This data model includes information about: 

 The structure and behavior of the working situation 
studied, the structure and behavior of 
machine’s/machines’ components. This information is 
used in the second step of the WSHM method to 
perform a dysfunction analysis of the technical 
components; 

 The description of the interactions between the 
components of the working situation studied. This 
information is used in the second step of the WSHM 
method to analyze the potential perception of a 
technical drift by an operator and the impact of the 
operator’s response on the rest of the working situation; 

 The description of the hazards and the hazard zone 
present in the working space. This information is used 
in the second step of the WSHM method to estimate the 
risk associated with each operator’s responses to a 
technical drift. 

Note that the operators are viewed only as “black boxes” in 
the instantiated model. This choice is justified by the way 
the method has been thought out: the method takes into 
account only responses to a technical drift (not other 
“human factors”). 

The instantiated model of the working situation (data 
model) is the principal input of the next step of the WSHM 
method: “Identifying potential hazardous situations 
following an operator response to a technical drift”. 
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 5. Identifying potential hazardous situations following 
an operator response to a technical drift (R2) 
The goal of this step is to generate a list of potential 
hazardous situations following an operator response and 
their technical causes (technical drift). 

Current risk analysis methods like Process hazard 
analysis (MORTUREUX 2002; Desroches 2005), FMECA 
(IEC 2018) and HAZOP (ROYER 2009; Baybutt 2015)  are 
more focused on the technical part of the working situation 
to identify hazardous situations. In our case, we want to take 
into account the whole working situation (actors and 
interactions between them). 

In this second step of the WSHM model, we will use 
the instantiated model of the working situation (data model) 
produced during the first step of the WSHM method 
(presented in section 4). 

The second step of the WSHM method is carried out 
by a workgroup composed of: 

 One or more machine experts who know the machine 
or similar machines; 

 One or more machine risk experts to study the risk of 
each operator response; 

 One or more ergonomists to study the potential 
perception capabilities of the operator; 

The goal of this workgroup is to identify potential operator 
responses following a technical drift and the potential 
hazardous situation resulting from these responses. 

The result of the second step is a table listing all the 
potential hazardous situations following an operator 
response to a technical drift where the estimated risks are 
significant (risks that must be reduced). All the sub-step 
results are reported in the same table (the “analysis table”). 
This table is a written record of the analysis and is used 
throughout the second step of applying the WSHM method. 

5.1. Proposals of sub-steps  

The second step of the WSHM method (R2) is composed of 
six sub-steps (R2.1 to R2.6) and represented as an activity 
diagram (SysML) in Figure 2. 

The goal of sub-step R2.1 is to perform a dysfunction 
analysis on the first level of abstraction: the working 
situation viewed as a “black box”. To carry out this step, an 
AMDEC-HazOp (Reitz et al. 2012) is performed on the 
information of the working situation activity extracted from 
the instantiated model of the working situation (data model) 
to determine:  

 Failure modes of the activity of the working situation 
studied; 

 External causes of these failure modes: causes can be 
drifts of incoming flows of the activity. The “InFlow” 
drift can be a drift of product or energy flow 
characteristics; they can also be drifts of product 
properties. External causes can be drifts of the work 
environment;  

 An Occurrence mark (O): estimation of the frequency 
of occurrence of each cause. 

 Local effects of these failure modes on the outgoing 
flows of the activity. The “OutFlow” drift can be a drift 

of product flow characteristics; they can also be a drift 
of product properties. 

The goal of sub-step R2.2 is to carry out a dysfunction 
analysis on the second level of abstraction: the working 
situation viewed as a “white box” with machines and 
operators (workers) viewed as “black boxes”. To carry out 
this step, an AMDEC-HazOp is performed on the machine 
and information on operator activities is extracted from the 
instantiated model of the working situation (data model) to 
determine:  

 The failure modes of each machine activities and each 
operator’s activities in the working situation studied; 

 External causes of these failure modes: causes can be 
drifts of incoming flows of machines or an operator’s 
activities, or drifts of the work environment; 

 An Occurrence mark (O): estimation of the frequency 
of occurrence of each cause; 

 The local effects (drifts) of these failure modes on the 
outgoing product flows of machine or operator 
activities; 

 Effects on the upper level of abstraction: drifts of 
outgoing product flows in the activity of the working 
situation and the failure modes of the working 
situations, i.e. a failure mode of a machine or an 
operator activity can be an internal cause of the failure 
mode of the activity of the working situation. 

The goal of sub-step R2.3 is to perform a dysfunction 
analysis on the third level of abstraction: the machines 
viewed as “white boxes”. To perform this sub-step, the 
same process as in the previous sub-step is carried out but 
this time on the information of the activities of the 
machine’s components extracted from the instantiated 
model of the machine’s working situation (data model), i.e. 
a failure mode of a machine component activity, causes, 
occurrence rate and effects. The results are reported in a 
table. After this sub-step, the dysfunction analysis is 
finished. This analysis results in the identification of 
potential technical drifts (component/machine failure 
modes and flow drifts) that can occur during the working 
situation studied. 

The goal of sub-step R2.4 is to identify drift 
interactions and new interactions in the working situation 
following a technical drift potentially visible to the operator. 
For each technical drift (failure mode or causes), the work 
group carries out a brainstorming session on how this drift 
can affect interactions within the working situation and 
especially interactions where the operator is the “sink” 
(receiver of information, etc. (Bouffaron et al. 2014; Lieber 
and Morel 2015)). These effects can be drifts in the 
properties of an existing interaction (drift of an interaction) 
or occurrences of a new interaction. The group’s goal is to 
identify and characterize the drift and the advent of 
interactions between an operator and the rest of a working 
situation.  

Existing (nominal) interactions are represented in the 
instantiated model of the working situation (data model) 
(Duponnois et al. 2020). An interaction can be seen as a 
flow; representing an interaction’s drift is described as a 
drift of one of its Time-Space-Shape properties: 
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 Time: duration, frequency, start time. 
 Space: spatial position/zone of potential interaction. 
 Shape: list describing all energies (message or raw 

power) transmitted from a “source” actor to a “well” 
actor (Bouffaron et al. 2014; Lieber and Morel 2015)). 

Emerging interactions are new interactions that did not 
occur in the nominal working situation. These interactions 
are characterized in the same way as nominal interactions 
(Duponnois et al. 2020). For each drifting or emerging 
interaction, the potential perception of this drift by the 
operator is estimated and is also reported in the table, in the 
Detection column (D-mark).  

The goal of sub-step R2.5 is to identify drifting 
interactions and new interactions in the working situation 
following a response of an operator to a perceived technical 
drift. For each perceived technical drift, the work group 
carries out a brainstorming session to answer these two 
questions: 

 Is the operator responding to the perceived technical 
drift? 

 How can the operator “reasonably” respond to it? 

 For each potential response identified, the work group 
identifies the resulting interaction drifts and emerging 
interactions of these responses (parts of the “reasonably 
foreseeable behavior” in ISO12100:2010 (ISO 2010)). The 
description of the interaction drifts and advents are the same 
as in the previous sub-step (R2.4).  

The goal of sub-step R2.6 is to identify operator 
responses that can potentially lead the operator into a 
hazardous situation. For each drifting or emerging 
interaction resulting from an operator’s responses to 
perceived technical drifts, the work group carries out a 
brainstorming session to estimate the risk, for the operator, 
related to their responses and the associated interaction 
drifts and advents. To achieve this analysis, the group uses 
information about the “hazard zone” and “hazard” 
presented in the instantiated model of the working situation 
(data model) and the properties of drifting or new 
interactions in the table. For each interaction resulting from 
an operator response, the potential hazard that the operator 
can be exposed to is estimated and reported in the same table 
as the previous sub-steps. The severity of the operator’s 
potential injuries for each of the potential hazardous 
situations identified is estimated and also reported in the 
table (S-mark in the table). Then a criticality estimation is 
carried out on each potential hazardous situation identified 
in this sub-step. This estimation is performed in the same 
way as in the AMDEC method (IEC 2018) by the 
mathematical product of O, D and S marking the value 
present in the table: 

 The Occurrence mark (O) : four levels (1 to 4), from 
less frequent to more frequent,  

 The (non)Detection mark (D) : four levels (1 to 4), from 
more detectable to less detectable, 

 The Severity of potential harm for the operator mark 
(S) : four levels (1 to 4), from less sever to more sever, 

The Risk Priority Number (RPN) of each hazardous 
situation is obtained by using Eq (1). 

𝑅𝑃𝑁 = 𝑂 ∗ 𝐷 ∗ 𝑆                (1) 

With the value of RPN, the work group chooses the 
hazardous situation that they consider “significant” to 
monitor and list its causes (technical drifts). 
 
5.2. Conclusion on the second step of the WSHM method 

At the end of this step, the table constructed during the 
second step of the WSHM method will be used as a list of 
all potential hazardous situations following the operator’s 
responses to a technical drift and its causes (technical drift).  

For each “significant” hazardous situation that has to 
be monitored, causal links between the technical drifts and 
potential hazardous situations are used to define a health 
indicator of the working situation in the third step of the 
WSHM method: “Defining a working situation health 
indicator”. 
 

6. Application of the first and second steps of the WSHM 
to a case study 
6.1. Presentation of the case study: Working situation on 
the SFP 

The case study used in this paper was a working situation 
taking place on a part of the Système Flexible de Production 
(SFP) of the Lorrain AIP present on the site of the Science 
and Technology Faculty of Nancy, France (Figure 2). The 
SFP platform is an educational platform used to train future 
automation designers and technicians (AIPL 2021). This 
platform is also used as a research case study, as in this 
paper.  

The work situation simulated was composed of a 
member of the work group who played the role of the 
“operator”, a part of the SFP machinery - “SFP machine”. 
The goal of the “SFP situation” was to assemble raw 
materials “Parts 01” and “Parts 09” into final products 
“Products 0109”. 

6.2. Workgroup composition  

The work group that carried out the application of the 
WSHM method on the “SFP situation” case study was 
comprised of the Ph.D. student developing the WSHM 
method, a system-modeling expert, several industrial 
machine experts, and several risk analysis experts.  

6.3. Application of the first step of the WSHM method  

To carry out this step, members of the workgroup were 
given access to technical descriptions of the machine and 
process in the working situation studied and made several 
observations on the “SFP machinery” in and out of use.  

The “SFP situation” case was modeled using the 
working situation model (reference model). This model was 
built as a block definition diagram with the SysML 
modeling language (OMG 2019) using the Modelio (4.0.1) 
(Modelio 2021) Software. 

During this modeling phase, several Activity diagrams 
(SysML) were produced to help the identification and 
characterization of the several activities taking place in the 
“SFP situation” case. Likewise, for several sequence 
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diagrams (SysML) that were produced to help the 
identification and characterization of interactions between 
“SFP situation” components. 

The resulting data model describes:  

 Two raw material flows (“Parts 01” and “Parts 09”); 
 One production support flow (“Sled”); 
 One final product flow (“Product 0109”); 
 One worker/ operator (“Operator”); 
 Four activities performed by the “Operator”;  
 One machine (“SFP machine”) composed of 13 

machine components. The machine is powered by 
electrical energy and pneumatic energy. 

 10 activities performed by the components of the “SFP 
machine”; 

 77 interactions between actors (actors are “Operator”, 
“SFP machine” components and products flow); 

 3 types of hazards, 12 hazards and 12 hazard zones. 

With all the information in the instantiated model of the 
working situation, namely the “SFP situation model” (data 
model), the work group concluded the first step of 
application to the case study. 

6.4. Application of the second step of the WSHM method  

A dysfunction analysis was carried out using the 
information extracted from the instantiated model of the 
working situation, namely the “SFP situation model” (data 
model). The results were discussed in a brainstorming 
session with a risk analysis expert to identify: 

 Technical drifts that can be perceived by the 
operator and the associated drifts/advents of the 
interaction; 

 Potential operator responses to perceived 
technical drifts and the associated drifts/advents 
of the interaction; 

 Potential risks for the operator in the event of such 
responses.  

At the end of applying the second step to the “SFP situation” 
case study, two hazardous situations were identified as 
significant: 

(i) Potential electrical or mechanical injuries: 
(a) Technical drift: dysfunction of the “piece 01 

distributor” can result in a “Piece 01 position” 
drift by being “other than” in the expected 
position (i.e. piece 01 is ejected and can be 
either on the ground or stuck somewhere in the 
SFP machine); 

(b) Perception: a new sensorial interaction 
between piece 01 and the operator: “the 
operator sees piece 01 outside the process”; 

(c) Operator responses: the operator can try to 
extract the piece, leading to physical 
interaction with another machine component; 

(d) Hazard: physical interactions with sharp edges 
can lead to cuts while physical interaction 
with electrical parts can lead to electrification. 

(ii) Potential musculoskeletal disorder: 

(a) Technical drift: the dysfunction of the “Sled 
conveyor” leads to the degradation of 
“Moving the sled from the work zone to the 
exit” activity. The post condition of this 
“Sled’s position” activity drifts by being 
“other than” in the expected position (i.e. the 
sled is not at the end of the conveyor of the 
“SFP machine”); 

(b) Perception: the message “Sled position” (i.e. 
information transmitted) of the sensorial 
interaction between the sled and the operator 
drifts by being “other than” in the expected 
position (i.e. the operator sees that the sled is 
not at the end of the conveyor). 

(c) Operator response: “The operator grabs and 
moves the sled” potential zone of operating 
drift by being “other than” in the expected 
situation (i.e. the operator performs a motion 
different from normal to grab and move the 
sled). 

(d) Hazard: this operator response can lead to 
more effort and bad posture during the 
interaction between the output sled and the 
operator. 

7. Discussions and Conclusion 
7.1. Discussion on the results of application to the case 
study  

The application of the WSHM method to the “SFP 
situation” case study proved the feasibility of the first and 
second steps but also the need to improve it.  

It allowed improving the modeling part in the first step 
and of the identification of interactions drifts/advents part in 
the second part. 

During the application of the WSHM method to the 
case study, the “potential hazard” analysis showed it can be 
used not only to identify potential injuries to the machine 
operator, but also hazardous situations for the operator’s 
health (i.e. bad posture, excessive effort, etc.).  

7.2. Defining a working situation health’s indicators 

The result of the second step will be used in the last step of 
the WSHM method to define a working situation health’s 
indicator to allow monitoring the working situation studied. 
This indicator will be based on indicators of degradation of 
the machine’s components, interactions and/or activities. 

7.3. Conclusion 

The application of the WSHM method to a case study 
allowed improving the method. It also provided feedback on 
its applicability. 

The main negative feedback on the method was that 
its use required more time than the previous risk analysis 
method used by the members of the workgroup. 

The positive negative feedback on the method 
confirmed the original contribution of the WSHM: 
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 The use of a model and documents in all the steps 
allowed good re-usability of the results; 

 The fact that the method relies on both theoretical 
expertise and user experiences led to finding more 
hazardous operator responses than by using user 
experience alone (especially in the part dedicated to 
“operation perception capabilities” and “operator 
responses”; 

 The use of a model in the first part also allowed 
integrating the method in design and not just in an 
already existing working situation. 

Future work will take into account these feedbacks to 
continue improving the method. More case studies will be 
carried out in order to verify that the method is applicable 
to all work situations on automated assembly lines. 
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