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Abstract 
While there is a continuing trend towards further automation and 
computerization of complex engineering systems to improve 
their performance and reliability, there is also an increasing 
realization that a visible  over all human responsibility through 
monitoring and control of these systems particularly man-
machine systems has to continue. This need for the intervention 
from human beings is acceptable largely due to their better over 
all situation perception and their crisis handling capabilities. The 
problems of automation and computerization in the man-machine 
domains have often been successfully addressed through 
modularization of the domain, as for example it can be seen in 
the case of Air Traffic Control (ATC) operations. This approach 
allows the designers to build an overall human control over each 
of the modules and it further facilitates in building human 
interaction and collaboration processes between the modules. 
Under these conditions the depiction and the visibility of 
responsibility as it is being shared and transferred between 
different human beings becomes an important modeling issue. It 
has been shown through the example of ATC that the above 
responsibility requirements can be modeled using the extensive 
massage handling and organizing features of the Unified 
Modeling Language (UML) Sequence Diagrams. This requires 
that the development of the diagrams should be carried in such a 
way that all responsibility sharing actors are included in it. 
Further, it is shown that through a proposed convention, both full 
and partial or shared responsibilities can be visually depicted on 
the diagrams. This approach also paves the way for modeling and 
depiction of human-computer or human-human interfaces that 
facilitate mediation between the computers and situation aware 
human beings.  
Key words: 
Air Traffic Control, Domain Driven Design, Human-Computer 
Interaction, Transfer of Responsibility 
 
1. Introduction 
 
Human beings have a unique sense of responsibility, 
commitment and overall situational awareness, which are 
difficult to build in the present day computers systems. 
Thus, they continue to play deciding roles in all safety 
critical systems specially those involving other human 
beings. The highly computerized and automated domain of 
Air Traffic Control (ATC) taken as an example here, is one 
such field where the overall decision making and control 
by human beings is an accepted practice. The Air Traffic 
Control services have evolved and matured over time and 

today their basic role is to give guidance to aircrafts to 
prevent collisions and to manage efficient traffic flow. 
However, to meet the ever increasing safety expectations 
the aviation systems have been going through a process of 
continuous improvement and change. These changes 
coupled with the increasing volume of air traffic, have 
lead to a significant increase in the work load of Air 
Traffic Controllers as well as that of the Pilots [1]. 
Normally, in an ATC system, various operational 
responsibilities pertaining to take-off, landing and flying 
of aircrafts are distributed between the pilots and 
controllers. Some of the responsibilities need to be 
routinely transferred between the pilots and the controllers 
while other may have to be done to re-distribute the 
workload of pilots and controllers as has been brought out 
in [2, [3], [4]. These new possibilities of responsibility 
transfers have emerged only recently with the increased 
capability and availability of relevant communication and 
control technologies.  

Responsibilities [5] are essentially either causal which 
relates to make things happen or consequential which 
relates to answerability when things happen that should 
not. While causal responsibilities have same times been 
assigned to computers, the consequential responsibilities 
are almost always human and moral. While responsibility 
has a range of meanings in human-computer environment 
the moral aspect remains most relevant in the ATC context. 
Further, the view elaborated in European Commission’s 
‘iFly’ project [6] that ‘…a responsible person is defined as 
to who can take action if required without being required 
to request permission from another actor’ has been 
adopted here for modeling.  

In an effort to evolve the modeling of the responsibility 
in a man-machine system, roles of mediation and 
modularization have been brought out [7]. Under these 
conditions, the capabilities of UML (Unified Modeling 
Language) [8] Sequence Diagrams have been examined 
here for modeling some of these functional and non-
functional requirements. 

The presentation has been divided into five sections. 
Section 2 presents a brief literature review on 
responsibility modeling and the related issues in human-
computer (man-machine) environment. Section 3 deals 
with the proposition of representing mediation, 
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virtualization and responsibility transfer modeling through 
extended UML Sequence Diagrams. Section 4 deals with 
the actual construction of the Sequence of Diagrams of the 
activities and responsibility transfers, for a portion of 
human-computer activities in ATC. The last section deals 
with the comments and the conclusion.  

 
2. Literature Review 
 
There has been a wide spread adaptation of ‘Model Based’ 
development technologies for large and complex IT based 
systems, due to their ability to capture relevant aspects of a 
system from any given perspective and also due to their 
ability to permit precise levels of abstraction. Further, 
these models allow automated development of the systems 
from their corresponding models along with various other 
model transformation possibilities and thus these features 
have led to a switch towards Model Driven Engineering 
(MDE) [9]. Work on MDE has largely been centered 
around the development and use of UML. UML has been 
particularly successful in presenting human 
understandable descriptions to both the domain experts as 
well as to software experts on various aspects of the 
system, which then could also be mechanically analyzed. 
Although, considerable portions of software development 
activities today tend to be domain specific, UML has not 
evolved to be able to provide [10] means for precisely 
defining semantics associated with these domains. 
However, as the UML based modeling efforts allow 
increased transparency and understanding between the 
different parties involved in the development and 
operation of the system, it helps in further improving the 
system design itself [11], [12]. 

With the increasing system complexity and safety 
requirements there has been a growing interest in the 
fields of human computer interaction like that of ATC, 
Unmanned Aerial Vehicles, surgical robotics etc. [13], [14], 
[26] towards improving their quality of performance. 
Presence of human beings in the control of these systems 
helps significantly towards providing reliability and a 
sense of human responsibility, which computers alone do 
not provide. It also helps in various other ways like that of 
providing a means of mediation between computer and its 
external environment [7],  re-interpretation of data and in 
generation ideas for handling emergencies etc. Thus, the 
assignment of responsibility and its sharing is an important 
issue in human computer environment. It has been 
modeled in a variety of ways. An interesting approach 
towards responsibility transfer modeling between humans 
and computers as it shuttles from one entity to other in a 
chain like environment is shown by Huang and Katayama 
[15]. In their proposition, various aspects of the 
responsibility are modeled through an all-together 

different and parallel view of the system, away form the 
computation and control view.  

The problem of responsibility transfer in the field of 
ATC has been studied by Friske et. al [2], [3] where in an 
effort to reduce the work-load on the ground controller, 
the responsibility of the maintenance of the separation 
between the aircrafts is proposed to be transferred to the 
air-craft pilots. A procedure involving all the concerned 
parties and an external agent has been evolved with the 
help of UML Sequence Diagrams. The general 
applicability of the proposition in human/human and 
human/machine environment has not been studied.  

However, with the increasing need of further 
automation and implementation of new procedures 
towards increasing the safety, reducing travel time and fuel 
consumption of aircrafts etc. more studies are needed to 
evolve the required responsibility transfer ideas and 
procedures in the mixed human computer environment. 
Zemrowski [16] has even observed that many of the above 
mentioned objectives may be implemented through 
technologies like 4D path specification, enroute trajectory 
negotiation and enroute free maneuvering etc., which will 
require increased degree of human computer interaction.  

Further, with the increasing reliance on computers 
(without transferring the over-all responsibility to 
computers) in the fields like that ATC field, the Human 
Computer Interaction can now be said to be more of 
Human Computer Collaboration [17], [18]. It has also 
been suggested that such collaborations should possibly 
have an agreement between humans and computers on the 
shared goals, the allocation of responsibility, the ability to 
track progress, the capability to negotiate and the 
adaptation to situation etc. As these capabilities are 
difficult to invoke on the computer side, the locus of 
responsibility remains with the human beings.  

The above literature survey points to the fact that while 
there has been considerable research activity towards 
understanding the nature of human responsibility and its 
perception, there is only a limited information available 
about its modeling as a functional or non-functional 
requirement of activities. A UML based modeling 
approach, started by Friske et. al. which is suited to 
virtualized (networked) environments, has been adopted 
here. Efforts have been made to show that this approach 
can be generalized and used for modeling the continuity of 
human responsibility in real-world situations. Efforts are 
further made to show that these UML models can also be 
used for the abstraction and representation of 
responsibility at different levels of details. 
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3. Modeling Responsibility in Human-
Computer Environment 

 
Most Human-Computer interaction environments have 
imperatives imposed by the particular domains. As pointed 
out earlier, for example, the safe and re-assuring 
operational capability of ATC domain operations has 
largely been achieved through the modularization of the 
domain and the complexity and through making humans 
as the responsible and visible end of the sub-domains (or 
modules) [19]. Such a layout of the pre-take-off (ground) 
control of aircrafts through a series of controllers is shown 
in Fig.1 from reference [20].  

 

 
 
 

 
 
Based on this approach, requiring human visibility for 

responsibility, it is proposed here that this can be 
generalized and activities around each human being may 
be abstracted and modeled as a unit as shown in Fig. 2. It 
may comprise of two parts, one consisting of networked 
computers with a front end computer, and the other 
consisting of the human being, with a human computer 
interface between the two. In this way the available 
information may be mediated by human beings before the 
action is initiated. Further, mediation between any two 
modules may also be done by human beings as shown in 
Fig. 3.  

 

 
 
Fig. 2: A module creating a sense of responsibility through mediation 

It can also be seen from Fig. 3 that in this model, as is 
required, the overall control and thus the responsibility 
remains in the hands of human beings and wherever the 

automation fails or the information needs interpretation, 
human beings are available, in spite of very high degree of 
automation. Human beings in this interpretation are thus 
cast into two different roles. One is that of bringing in the 
overall awareness information and the other is that of 
mediation between this information and the computerized 
information. Such a dual role is possible in human 
computer interaction situations, as shown by Bodker and 
Andersen [7]. 

 
 

 
 

Fig. 3: Human-computer and human-human mediation between           
controllers in a modular system 

 
 
Using these modules as building blocks, it can be seen 

that an overall pattern of responsibility and its transfer 
may be modeled in a human-computer system.  

As pointed out earlier, with the continuously increasing 
air traffic, there is a growing need for increased levels of 
automaton and reliability of the ATC operations at each of 
the stages. These requirements are further coupled with 
the new requirements of implementing fuel saving 
procedures [16], and the need for pilots involvement in the 
aircrafts separation maintenance etc. Some new directions 
of solutions have also merged, particularly through the 
virtualization that is making data and model available 
anywhere on the computer network. For example in term 
of the modules proposed here (Fig .3) any of the modules 
along with its data can be developed in such a way that it 
can be controlled from anywhere on the network or can be 
collapsed (or merged) with any of the other modules. 
While there may be no problems in adding the extra load 
on the computer systems, the practicability of the move 
will be determined by the human being’s capability of 
handling the joint modules and also having the necessary 
awareness to carryout both the roles. Multiple roles for 
human actors are common in the real-world.  

It is thus proposed here (detailed in next section) that by 
separating the human and the computer roles in each of the 
modules and by separately providing communication 
between the human parts of the modules, the modeling of 
human responsibility can be carried out on a continuous 
basis. This type of modeling can be accomplished through 
UML Sequence Diagrams, if each of human parts of the 
modules is represented as an actor in the diagram.  

Fig. 1: A layout of the interconnected pre take-off controllers at a typical 
           airport, showing the involvement of human being at each step 
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Further as, the UML Sequence Diagrams allow the 
depiction of real-time operations and the identification of 
control actions, it may help in modeling of the 
responsibility.  
4. Modeling the Responsibility Transfer  
       through UML Sequence Diagrams 

 
In this section, the transfer of responsibility in a human-
computer system has been studied through first evolving 
the message and the responsibility transfer protocols and 
then by using these for constructing UML Sequence 
Diagram involving all the human actors. Next a procedure 
for depicting the responsibility and its transfer on the 
diagram is evolved.  
 
4.1 Transfer of Responsibility Protocol 
 
In general in a man-machine system, various 
responsibilities may be distributed between the actors 
(men and machines) participating in the particular system. 
But as outlined earlier the consequential responsibility is 
important and it has to be carried essentially by human 
beings only, thus its transfer between human beings 
(actors on the diagram) needs to be modeled. It may be 
assumed that system has been designed in such a way that 
these human actors have a degree of control over all the 
operations, including the automated portions at all times.  
Depending upon the need [15] the transfer of the 
responsibility between the actors has to precede with 
negotiations, using a transfer of responsibility protocol 
between the actors which can be depicted on a UML 
Sequence Diagram like the one shown in Fig. 4.  
 

 
 

Fig. 4: Sequence Diagram showing negotiations before the transfer of the 
responsibility between the human actors of a system 

 
The figure shows negotiations for the transfer of 

responsibility between two actors and allows a possible 

involvement of others in this process. If in the beginning 
the responsibility is with the Actor1 and after performing 
its task when it wants to transfer the responsibility to the 
Actor2, then it conveys its intent to the Actor2 about the 
transfer. The Actor2 then sends a response message to the 
Actor1 indicating whether it is interested in accepting the 
transferred responsibility or not. Actor2 then may do self-
operation or query others before proceeding further. Based 
on the Actor2’s response whether it is willing or not to 
accept the transferred responsibility, various other 
negotiations may be done between the Actor1 and the 
Actor2. The Actor1 finally transfers the responsibility only 
when the Actor2 is ready to accept the responsibility and 
further when the transfer is complete, Actor2 sends an 
acknowledgement to Actor1 that it has successfully 
accepted the responsibility. The responsibility transfer can 
thus be modeled in a similar way between any two of the 
participating actors of the system. 

  
4.2 Modeling the Transfer of Responsibility 
 
As discussed earlier, since the responsibility has to be 
carried only by human beings the UML diagram has to be 
constructed with all the actors who carry full responsibility 
at one time or another. Further, the instances of shared 
responsibility between the main actor and the contributing 
actors have also to be identified.  

Continuing with the example of the responsibility 
transfer modeling for ATC (moments of the aircraft before 
take-off), it can be seen [20], [21] that there are five actors 
(humans) who exercise full responsibility at one time or 
another. They are the Gate Controller, the Ramp 
Controller, the Pilot, the Ground Controller and the Local 
Controller and thus they have been be used as actors for 
developing the UML Sequence Diagram.   

The consequential human responsibility [22] being 
modeled here in fact becomes more like the operational 
responsibility [23] between the pilot and the controllers for 
piloting the aircraft so that a safe and efficient operation of 
the flight takes place. The responsibility can further be 
either full or can be shared with any of the other actors.  

The negotiations, as mentioned earlier, have to precede 
before the transfer of the responsibility takes place. The 
transfer of the full responsibility of an actor on the 
Sequence Diagram is proposed to be indicated by a thick 
solid arrow with a dark rectangular ( ) mark at the end. 
The shared responsibility is proposed to be indicated by a 
hollow rectangular mark ( ). The controller who has the 
full operational responsibility remains the main controller 
and the controllers who have the shared operational 
responsibilities just keep monitoring and giving 
instructions, if they feel that they are required. The pilot 
and controllers communicate through the existing and 
established communication networks and protocols [24]. 
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Fig. 5: The UML Sequence Diagram with imposed the Responsibility Transfer Diagram for the departure of an Aircraft 
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The proposed method of depicting the responsibility and 
its transfer is carried out in two steps. First, a sufficiently 
detailed (at a level at which individuals hold and exercise 
responsibility) UML Sequence Diagram is prepared 
keeping the requirements mentioned above in focus. Then 
on this diagram, the transfer of responsibility is depicted 
using the conventions mentioned above. 

  
4.2.1 Constructing a Sequence Diagram for    

     Depicting the Responsibility Transfers during  
     the Departure of an Aircraft 

 
The Sequence Diagram (Fig. 5) for the departure of an 
aircraft in the ATC environment is constructed between 
the five human actors as identified in the previous section. 
One of the actors is always in command of the operations 
and also serves as mediator between the computerized 
information and the real-world awareness. The 
conventions used for the construction of the diagram are 
as described in the References [13] and [25]. The solid 
lines represent the call messages and the dotted lines 
represent the message returned between the actors. Tags 
have been used to improve the readability of the diagram 
and guards have been used at the decision points. 

The process starts from a point marked as ‘ A ’ in the 
diagram, when the pilot receives a message from Airport 
Authority clearing its departure request. This clearance 
information is made visible to all other actors as well.  

The Sequence Diagram constructed is largely self 
explanatory and is developed from the sequence described 
in [20] for the departure of an aircraft. The pilot (after 
receiving the departure message) requests the Gate 
Controller to assign a gate. The Gate Controller then 
performs a self operation to make the gate available and 
sends a message to the pilot informing about the assigned 
gate. The pilot then brings the aircraft up to the gate and 
requests the Gate Controller to grant clearance for 
pushback from the gate. The Gate Controller then issues a 
pushback clearance, after performing the necessary 
validations. If there are any emergency conditions then a 
check-emergency operation is called recursively, else the 
pilot pushes back the aircraft from the gate and enters the 
ramp area. Now the pilot informs the Ramp Controller that 
the aircraft is at the ramp. The Ramp Controller does the 
necessary sequencing of the aircrafts at the ramp and 
sends a message to the pilot about the position of the 
aircraft in the queue. At his tern the pilot sends a message 
to the Ramp Controller, asking it to grant the permission 
to leave the ramp. The Ramp Controller then does 
necessary validation of pilot’s request, and grants the 
permission to the pilot to leave the ramp. The process 
continues in this way till the aircraft takes-off. 

 

4.2.2 Constructing the Responsibility Transfer  
            Diagram over the Sequence Diagram for the  
            Departure of an Aircraft  
The Sequence Diagram evolved in Fig.5 is used further to 
develop and depict the conditions and states under which 
the transfer of responsibility takes place between the pilot 
and the various controllers during the departure of the 
aircraft. This may be accomplished through messaging and 
the use of the responsibility transfer protocol. As can be 
seen, the transfer of responsibility takes place at several 
instances during the whole departure activity. Initially, the 
full responsibility is with the pilot (marked with a filled 
square ( )), who on receiving a message from the Airport 
Authority regarding the permission for departure, transfers 
the responsibility to the Gate Controller for further actions. 
This is shown by a thick line in the diagram with a filled 
square ( ) at the end. After assigning the gate, the Gate 
Controller transfers the responsibility back to the pilot. 
The pilot now acts and brings the aircraft to the gate and 
transfers the responsibility back to the Gate Controller by 
requesting for the granting of the clearance for pushback 
from the gate. The Gate Controller then issues the 
pushback clearance and transfers the responsibility back to 
the pilot. Now the aircraft moves again and enters the 
ramp area and the pilot transfers the responsibility to the 
Ramp Controller. Now when the Ramp Controller grants 
the permission to the pilot to leave the ramp, it transfers 
the responsibility back to the pilot. 
 

 
 

Fig. 6: Sequence Diagram showing the transfer of responsibility during 
bringing of an aircraft to the gate for departure 
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A situation of shared responsibility occurs when the 

aircraft is on the taxiway and the pilot transfers the full 
responsibility to the Ground Controller and a shared 
responsibility to the Local Controller. The shared 
responsibility in this proposition is said to occur, when 
more than one human actors (in terms of UML Sequence 
Diagram) are involved at the same time, in a cooperative 
way, for carrying out an activity.  

The further depiction of the responsibilities on the 
diagram can be continued as shown in Fig.5. 

The departure activities of an aircraft as modeled in the 
Sections 4.2.1 and 4.2.2 have been abstracted at a level to 
be able to mark the transfer of responsibility points in the 
Sequence Diagram (Fig.5). Further details in the model 
can be provided by going to the negotiations level or 
further lower to the message transfer levels as has been 
shown in Sequence Diagram in Fig.6 for the initial 
portions of the operations.  

 
5. Conclusion 
 
With the increasing complexities in the man-machine 
systems, ethical and moral standards today demand that 
human beings should be in overall control, to provide a 
human sense of responsibility to the system and to help in 
increasing the dependability through their situation aware 
inputs. This requires that system design of the man-
machine systems should be modularized in such a way that 
the involved human beings are able to comprehend the 
area of their control. 

Using ATC operations as an example, where extensive 
modularization exists and responsibilities are defined 
through the human beings in the system, it has been shown 
in the studies here that:  
1. The UML Sequence Diagrams can be adapted for the 

modeling and the displaying of human responsibility 
in man-machine systems and for its transfer from one 
human actor to another in the form of a continuous 
chain, as the system operations are carried out. 

2. The proposed responsibility modeling UML Sequence 
Diagrams may be drawn at different levels of 
abstractions. At the lower levels it may show the other 
parties involved and the messaging necessary to 
accomplish the transfer. 

3. The graphical representation of the actors holding the 
responsibility at any time and its transfer as the process 
continues may help the stake holders in having a better 
appreciation of their roles and may further help in 
producing more robust computer codes.    
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