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1. Purpose and Overview
The present report provides a description of the micro-world AutoCAMS 2.0. It has
been written as a manual accompanying the software package which represents a
kind of toolbox for scripting and running experiments with this micro-world. The main
purpose of this manual is to familiarize new users of AutoCAMS 2.0 with its main
features and to provide a basic introduction how to use it as a research tool.
The manual is structured in six sections: Section 2 provides a brief review of the
basic task and the history of its development including references to the research
which has been conducted with this tool or one of its predecessors, so far. Section 3
represents the main part of the manual. It provides an in-depth description of the
micro-world including its different sub-systems, its user interface, and the different
functions which have been implemented in order to vary the conditions under which
the task has to be performed. Details of data storage and of scripting experiments
with AutoCAMS 2.0 are described in sections 4 and 5. Section 6 provides a brief
description of the software and its implementation. Finally, section 7 provides a
description of ManuCAMS which comes together with the AutoCAMS 2.0 toolbox.
Users who use the AutoCAMS 2.0 toolbox for the first time and are not already
familiar with one of its predecessors, i.e. CAMS (Hockey, Wastell and Sauer, 1998)
or AutoCAMS (Lorenz, DiNocera, Röttger and Parasuraman, 2002), can use the
manual as a basic introduction and guide for an active exploration of the micro-world
and its capabilities. Users who already know CAMS or AutoCAMS may find it useful
to identify the changes which have been incorporated in the new version in addition
to the complete revision of the user interface design.
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2. Background
AutoCAMS 2.0 represents a “micro-world” (Brehmer, Leplat & Rasmussen, 1991)
which has been developed to simulate a complex work environment. The task model
chosen represents a supervisory process control system (Sheridan, 1997). The most
classical example of such systems involves human operators supervising and
controlling autonomous processes in chemical or power generating plants. In
addition, similar supervisory control systems meanwhile are common also in vehicle
control (aircraft, spacecraft, ships), manufacturing (robots, automated production
lines), or medicine. In such systems the operator’s role is to monitor the progress of
an autonomously running process in order to make sure that everything is going as
planned and to identify any indication of a deviation from normal progress. In case of
such indication the operator has to identify the underlying cause of the malfunction
and to take any action to manage the fault, i.e. to take over manual control, and to
intervene in the system in order to recover its normal functioning. In addition to this
main task often other (secondary) tasks need to be accomplished, e.g. responding to
special requests from the management, or performing maintenance tasks.
As a typical “micro-world”, AutoCAMS 2.0 does not claim to simulate the demands of
real-life supervisory control systems on a high level of fidelity. Instead it presents a
laboratory task which is, on the one hand, complex enough to allow for studying
human performance in supervisory process control, and, on the other hand, easy
enough to be performed by any subject with limited amount of training.
AutoCAMS 2.0 is largely based on the earlier developments of Hockey, Wastell and
Sauer (1998) and Lorenz, DiNocera, Röttger and Parasuraman (2002). The credit for
the basic idea and development of the first version of the task goes to Hockey et al.
(1998). As part of a research project focussing on the effects of environmental
stressors on complex work performance, Hockey et al. developed what they referred
to as “Cabin Air Management System (CAMS)”. This CAMS still represents the core
of AutoCAMS 2.0. CAMS is a generic model of a typical life support system of a
closed and self-contained environment like a space capsule or submarine. The
operator’s task is to supervise the system and to intervene whenever s/he detects a
malfunction which might be caused by failures of any of the technical components of
the system (see section 3 Task Description for an in-depth description of CAMS and
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this basic task). Originally CAMS has mainly been used to investigate predictions
derived from the Compensatory Control Model (Hockey, 1997) about human
performance consequences of different stressors, e.g. sleep deprivation (Hockey et
al., 1998), occasional night work (e.g. Sauer, Wastell, Hockey & Earle, 2003), or
confinement and isolation (Sauer, Hockey & Wastell, 1999). Yet, recently CAMS also
has been used as a tool for studying effects of operator characteristics and different
training approaches to establish and develop complex performance skills (e.g.
Burkolter, Kluge, Schüler, Sauer & Ritzmann, 2008; Hockey, Sauer & Wastell, 2007).
A bibliography about the research conducted with CAMS (as of September 2008) is
provided in the Appendix.
An important step of the further development of the task was performed by Lorenz et
al. (2002). In order to study performance consequences of the use of automated
decision aids, Lorenz et al. added an Automated Fault Identification and Repair
Agent (AFIRA) to CAMS which supports the supervisory control task of the human
operator to a varying degree, operationally defined through different function
allocations (“levels of automation”, Lorenz et al., 2002). The resulting overall system
was called “AutoCAMS” and has repeatedly been used for investigations of humanautomation interaction since then (Bahner, Hüper & Manzey, 2008; Lorenz et al.
2002, 2003; Röttger, Bali & Manzey, 2008).
AutoCAMS 2.0 represents an advanced version of these earlier systems, covering
the basic functions of CAMS and AutoCAMS under one umbrella. Furthermore, a
special version of the system has made available where a defined number of
processes must be controlled manually by the operator (see section 7 ManuCAMS).
Compared to the original versions of this micro-world many changes have been
implemented, including a completely new interface and some changes of task
features which are described in some detail in section 3 of this manual. However, the
most important change is a completely rewritten source code. Whereas the former
versions of CAMS and AutoCAMS were designed using MS Visual Basic, the current
version is written in Java SE 6. This makes it possible to run the system on any
computer platform, i.e. independent of any specific operating system. In addition, the
program code has been completely modularized, so it is much easier now than in
earlier versions to adapt the system’s characteristics to the specific requirements of a
given study.
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3. Task Description
AutoCAMS simulates an autonomously running life support system of a spacecraft
(or other self-contained environment) consisting of five subsystems that are critical to
maintain atmospheric conditions in the space cabin. The primary task of the operator
involves supervisory control of the subsystems including diagnosis and management
of possible system faults. In addition, the operators have to perform two secondary
tasks: (1) a “connection check” where the operator has to confirm the proper
connection with the space cabin whenever s/he is prompted to do so, and (2) a
“recording task” where s/he has to repeatedly check the current CO2 level of the
cabin and to record this date in a data-bank.
In the default version of the system the primary supervisory control task solely is
supported by a general warning function. In case of a fault, a general master alarm
occurs which is indicated by a visual signal, i.e. a green light which turns red as soon
as a fault is detected in any subsystem. The operator’s task is then (1) to identify
which of the different sub-systems has been affected, (2) to take over manual control
over this system in order to stabilize the overall system’s state, and (3) to search for
the specific cause of the fault. In order to perform these tasks, the operator has
access to different sources of information about the system state (e.g. history graphs
for all system parameters, recordings of tank levels, or flow rates at certain valves of
the system), as well as access to a control menu which allows for active intervention
in the different sub-systems. As soon as a system fault has been identified, the
operator has to activate an appropriate repair order to recover the system from the
fault. The repair of the system usually takes 60 seconds. During this time, the
operator has to control the system manually. After successful repair of the fault
(indicated by a change of the red warning light to green), the operator needs to give
the control back to the system.
In the assisted mode, the supervisory control task of the operator is supported by
different versions of an automated diagnostic aid (Automated Fault Identification and
Recovery Agent, AFIRA). Dependent on the specific version of AFIRA selected the
aid provides an automatically generated diagnosis of the cause, as well as further
automation support for fault management (see below section 3.3).
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In the following important components of the system are described in more detail,
including the five sub-systems (3.1), the interface (3.2), the system faults which might
occur, the available automated aids (3.4), and the secondary tasks which have to be
performed (section 3.5).

3.1.

AutoCAMS 2.0 Subsystems

AutoCAMS 2.0 consists of the five subsystems oxygen, pressure, carbon dioxide,
temperature, and humidity. For each subsystem, a target range, as well as a normal
range are defined. The “normal range” represents the range within which parameter
may vary without seriously affecting the health and comfort of the crew. The “target
range” is a more strictly defined range which defines the target limits for the
autonomous control system, i.e. the limits within which parameters are kept as long
as the control system operates in a fault-free state. However, due to the internal
dynamics of the autonomous process control, parameters may go beyond the target
range for short times even in states of correct operation.
3.1.1. Oxygen Subsystem
The oxygen sub-system controls the level of oxygen in the ambient air of the cabin
and ensures that there is a steady and safe oxygen level in the breathing air for the
crew. It consists of an oxygen tank and a pipeline controlled by valves. The following
parameters are defined to represent the two ranges:
Normal range: 19.0 – 20.5 %
Target range: 19.6 – 20.0 %
Whenever the oxygen value drops below 19.6%, the main oxygen valve
automatically opens and oxygen flows into the cabin. When the oxygen value rises
above 20%, the valve is closed automatically.
3.1.2. Pressure Subsystem
Beside a sufficient level of oxygen, a constant atmospheric pressure is needed in the
cabin. Cabin pressure is regulated by the control of the different gas levels (i.e.
oxygen, nitrogen, CO2) in the ambient air. Similar to the oxygen system, the pressure
system also consists of a tank and a pipeline controlled by valves which are involved
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in this regulation. The following parameters are defined to represent the ranges of
normal and target pressure:
Normal range: 970 – 1040 mbar
Target range: 990 – 1025 mbar
Whenever the pressure drops below 990 mbar the nitrogen valve automatically
opens. When the pressure rises agian, the nitrogen valve is closed. Pressure rises
above 1025 mbar cause an hyper-pressure valve opens and a vent off of cabin air
until pressure is in a save range again.
3.1.3. Carbon Dioxide Subsystem
In a closed environment the carbon dioxide which is exhaled by the crew members
living in this environment represent waste and needs to be removed from the cabin
air. In case of AutoCAMS this is processed by special scrubbers. The following
parameters are defined to represent the two ranges:
Normal range: 0.1 – 0.8 %
Target range: 0,2 – 0,6 %
The scrubber is turned on when the carbon dioxide concentration exceeds 0,6%. The
scrubber is turned off when the concentration is below 0,2%.
3.1.4. Temperature Subsystem
The temperature in the cabin is regulated by a heater and a cooler in order to provide
comfortable conditions for the crew members. The following parameters are defined
to represent the two ranges:
Normal range: 18,5 – 23,0 °C
Target range: 19,5 – 22,0 °C
Whenever the temperature falls below the target range, the heater is activated. In
case of temperature rise beyond the upper limit of target range the cooler is
activated.
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3.1.5. Humidity Subsystem
Humidity within the cabin is regulated by a dehumidifier in order to provide
comfortable environmental conditions for crew members. The following parameters
are defined to represent the two ranges:
Normal range: 36,5 – 44,0 %
Target range: 38,0 – 42,0 %

3.2.

AutoCAMS interface

The AutoCAMS interface consists of the following elements that are described in
detail below (see Figure 1): a) history graph; b) flow chart; c) control panel; d) master
alarm; e) repair menu; f) AFIRA message display; g) time display; h) secondary task:
connection check; i) secondary task: CO2 check.

k)

Figure 1 AutoCAMS 2.0 user interface
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3.2.1. History graph (a)
The history graph in the lower left hand quadrant shows trend information for the past
240 seconds for each of the parameters oxygen, pressure, carbon dioxide,
temperature, and humidity. It is organized as a tab strip window with each tab
representing access to a specific sub-system. Within the window for each subsystem the target range and the normal range are marked with green and red
boundaries, respectively. Values exceeding the red boundaries and thus being
outside the normal range are considered to be hazardous for the crew and the
technical equipment in the cabin. Values passing the green boundaries (target range)
may be taken as indicators of a system fault, at least if the deviation persists. The
selected parameter and its current value (in digital format) is displayed in the upper
part of the history graph.
The carbon dioxide information which repeatedly has to be checked and recorded
(see section 3.5) is displayed by default. The other parameters can be accessed via
mouse click on the appropriate tab. They are displayed for ten seconds. After ten
seconds, the default parameter (CO2) appears again.
3.2.2. Flow chart (b)
The flow chart in the upper left hand quadrant displays a schematic overview of
tanks, pumps and valves for the two subsystems oxygen and nitrogen (pressure), as
well as an operation mode display for the carbon dioxide scrubber, heater, cooler,
dehumidifier and pressure relief valve (from left to right below the windows of the
cabin, see Figure 2). Information about tank levels and gas flow are shown for ten
seconds when accessed by a mouse click on the appropriate fields. Figure 2 displays
all elements of the flow chart.
3.2.3. Control panel (c)
The control panels are located in the upper right hand quadrant of the interface. The
user can select any of the different control panels for single sub-systems by mouseclicking on the appropriate field. Then specific panels are displayed which allow for
manual control of the selected sub-system. In the default version of AutoCAMS, the
operator can solely control the oxygen and pressure sub-system manually by setting
the flow rates of a parameter to be „standard“, „medium“, or „high“ under both manual
 FGAIO TU Berlin 2008

10

and automatic control. Yet, control of the other sub-systems can selectively be
activated in the program code.

Figure 2 AutoCAMS 2.0 flow chart

3.2.4. Master Alarm (d)
In the upper right hand quadrant, there is a warning light representing the Master
Alarm. Whereas the light is green during fault-free operation, it turns immediately red
whenever a fault is detected in any of the different sub-systems. Subsequent to the
fault repair it turns green again.
3.2.5. Repair menu (e)
Repair orders can be sent via the repair menu where the appropriate repair order has
to be selected. It then takes 60 seconds to repair the system fault. During this time,
the repair menu is inactive. If a wrong repair order was sent, the alarm stays red
beyond the usual 60 seconds needed for repair, and a new repair order can be sent.
3.2.6. AFIRA message display (f)
The AFIRA message display is located in the lower right hand quadrant of the
interface. Dependent on the activated version, AFIRA provides messages about the
elapsed time since the occurrence of the error, an automatically generated fault
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diagnosis, and recommendations for fault management (see section 3.4. for a more
detailed description).
3.2.7. Time Display (g)
The time period since the start of a block is displayed in the upper right hand
quadrant.
3.2.8. Connection Check (h)
This field is required for the “connection check task” which the operator has to
perform as one of two secondary tasks. A command button with the “connection
check” symbol is displayed to prompt the operator’s action (see section 3.5.1 for
details).
3.2.9. CO2 Check (i)
This panel including a text box and a “save” button is needed for the second
secondary task the operator has to perform, i.e. the CO 2 check and recording task
(see section 3.5.2 for details).
3.2.10. Standard flow rates (k)
Pressing the button "standard flow rates" displays a table showing the flow rates that
should be observed if all valves are free of blockages and leaks. The values are
given for both oxygen and nitrogen and for each level of the flow rate settings
(standard, low, high). As these values depend on the cabin pressure, they will
change over time.

3.3.

System Faults

There are nine possible system faults that may occur during simulation. These faults
are characterized by specific patterns of symptoms depending on the subsystem
wherein a malfunction occurs and what part of it fails. The malfunctions correspond
to four different types of faults which either affect the oxygen subsystem, the
pressure subsystem, or the mixer valve. These four fault types are:
Leaks in a valve: A considerable proportion of the resource (nitrogen, oxygen)
escapes from the valve, i.e. less is supplied to the cabin than is leaving the tanks,
resulting in a reduced supply to the cabin and a waste of the resource.
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Blockage in a valve: The valve cannot be opened completely and remains partially
blocked resulting in a reduced tank outflow and also a reduced supply to the cabin.
“Stuck-open” valve: The valve cannot be closed, so more of the resource than
necessary is supplied to the cabin which also results in a waste of the resource.
Defective sensor: The sensor for the resource in the cabin does not work properly
resulting in no automatic control response. This could be either a failure to turn on
the supply when the lower threshold has not been recognized or a failure to shut off
the supply when the upper threshold has not been recognized.
The following table (Table 1) provides a detailed overview of the different changes
that occur in the overall system in case of each of the system faults. Knowledge
about these “symptoms” allows to identify the cause of a given fault and, thus, to
select an appropriate repair order.
Table 1 System faults and their symptoms

Valve leak

Oxygen

Nitrogen

Leak of oxygen valve

Leak of nitrogen

O2 decrease in the cabin

valve

Tank outflow reading > flow

Pressure decrease in

meter reading

the cabin

Flow meter reading can be

Tank outflow reading >

smaller than default flow

flow meter reading

setting

Flow meter reading

Mixer

--

can be smaller than
default flow setting.

Valve blockage

Blockage of oxygen valve

Blockage of nitrogen

Blockage of mixer

O2 decrease in the cabin

valve

valve

Tank outflow reading = flow

Pressure decrease in

Pressure decrease in

meter reading

the cabin

the cabin

Flow meter reading <

Tank outflow reading =

O2 decrease in the

default flow setting

flow meter reading

cabin

Flow meter reading <

All flow meter readings

default flow setting

(mixer, N2, O2) indicate
a reduced flow

Valve stuck open

Oxygen valve stuck open

Nitrogen valve stuck

O2 increase in the cabin

open

Flow meter reading

Pressure increases up

indicates permanent O2

to the upper end of

 FGAIO TU Berlin 2008

--

13

flow

target range (venting

Pressure raises up to the

function prevents an

upper end of target range

increase above target

(venting function prevents

range)

an increase above target

Flow meter reading

range)

indicates permanent
N2 flow
O2 graph looks
irregular with long
climbs and short falls

Defective sensor

Defective oxygen sensor

Defective nitrogen

Depending on the

sensor

occurrence of the failure:

Depending on the

A) O2 increase OR B) O2

occurrence of the

decrease in the cabin

failure: A) pressure

A) O2 increase: Rise into

decrease OR B)

red zone, permanent inflow

pressure increase in

of O2

the cabin

B) O2 decrease: drop below

A) Pressure increase:

target state, flow meter

Pressure rises into red

reads zero

zone, permanent

--

inflow of N2
B) Pressure decrease:
drop below target
state, flow meter reads
zero

3.4.

Automatic Fault Identification and Recovery Agent (AFIRA)

AutoCAMS 2.0 can be operated in different modes, dependent on whether the fault
identification and management task has to be performed by the operator alone (as
described above) or is supported by an automated decision aid (AFIRA). The
message display of AFIRA is shown in the lower right part of the interface. Three
different variants of decision aids are available which differ with respect to the level of
automation, i.e. in how far the human operator is kept actively involved in the overall
process of fault management. Based on the model of types and levels of automation
(Parasuraman, Sheridan & Wickens, 2000), the three aids are referred to as
“Information Analysis Support”, “Action Selection Support”, and “Action Selection and
Implementation Support”.
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3.4.1. Information Analysis (IA) Support
In case of IA support, the decision aid provides a specific diagnosis for a given fault.
Yet, any planning and implementation of necessary actions to manage the system
and to initiate an appropriate repair action is left to the operator. The diagnosis is
displayed on the AFIRA screen together with the timer showing how much time
(seconds) has been elapsed since the identification of the fault. Both the diagnosis
and the timer immediately appear after the Master Alarm (see Figure 1 and Figure 3).

Figure 3 Information Analysis (IA) Support

3.4.2. Action Selection (AS) Support
In

case of AS support, the decision aid does not only provide an automatically

generated diagnosis of the given fault but also a list of appropriate actions
recommended for a smooth management of the fault. This list of actions has to be
implemented manually by the operator in the given sequence. Both the diagnosis and
the list of recommended actions is displayed on the AFIRA screen immediately after
the occurrence of a Master Alarm. An example of the screen is shown in Figure 4.
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Figure 4 Action Selection (AS) Support

3.4.3. Action Selection and Implementation (AI) Support
AI support represents the highest level of automated support available. In this case,
the decision aid provides support for information analysis (by providing a diagnosis
for a given fault), action selection (by recommending steps of actions for fault
management), as well as action implementation. The latter is implemented by AFIRA
autonomously implementing all necessary actions if confirmed by the participant
(click on “okay” button). During implementation of the different steps AFIRA provides
feedback to the operator about which action currently is in progress and which
actions have already been completed (see figure Figure 5 for an illustration of the
screen).
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Figure 5 Selection and Implementation (AI) Support

3.5.

Secondary Tasks

3.5.1. Probe Reaction Time (“connection check”)
Besides the primary task, two secondary tasks have to be accomplished. The first
one includes a simple reaction-time task which requires operators to click as fast as
possible on a randomly appearing “connection check” button (see Figure 1: h)) which
disappears again after a click has been recorded. This task is introduced to the
participants as a necessary confirmation of a seamless communication between the
ground control and the spacecraft. The command button with the connection check
icon appears unpredictably with a mean inter-stimulus-interval one minute.
3.5.2. Prospective Memory (“CO2 check and recording”)
The second secondary task consists of a prospective memory task that requires the
operator to check and record the level of CO2 in the cabin at fixed intervals (every 60
s) without specific prompting. In order to fulfill the task, the operator needs to monitor
the system clock (see Figure 1: g)) and to sample the CO2 level at the appropriate
time from the history graph. Then the sampled value must be typed into the
corresponding text box (see Figure 1: i)) and saved (mouse-click on “save” button).
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4. Data Storage
During runtime, all data regarding the state of the system are written into a log file
with a frequency of 1 Hz. In addition, the operation of all buttons and switches is
registered with a timely accuracy of about 20 to 150 milliseconds.
The log files for a given run can be found in the subdirectory “logs”, the name of
the log file consists of the IP address of the computer plus a running number and the
extension .txt.
The first line of the log file contains information about the script (see section 5) that
has been used for the block that generated this log file. A log file contains 14
columns, which are separated by semicolons. The first two columns contain time
information. The other columns contain data representing the state of the different
subsystems, as well as a time-related log of events. Data are always written into
each of the 14 columns, even if the entry of only one column changed (e.g. an action
performed by the operator). Table 2 gives an overview of the columns’ contents
including examples. Note that the decimal separator always is a colon, e.g. 30 =
30,0.
Note: A complete list of abbreviations used for coding events in columns 10 and 11 is available
upon request.

Log files can be imported into a database in order to make any further analysis of the
raw data more flexible and easy.
Table 2 Overview of log file contents
Column #
1
2
3
4
5
6
7
8
9
10
11
12

Description
Time since start [seconds]
Time code of the Operating System [milliseconds]
Oxygen concentration in the cabin air [percent]
Cabin pressure [bar]
Temperature [degrees Celcius]
Carbon dioxide concentration in the cabin air [percent]
Humidity
Tank level oxygen tank / Amount of oxygen supply left
Tank level nitrogen tank / Amount of nitrogen supply left
Event: which part of the system is involved
Event: what happened
Error phase (green: no system error, red: system error present)

Sample content
1
1220633126890
19,868600
1,010427
21,040000
0,529409
40,050000
30000,000000
30000,000000
ox_second
Open
GREEN

13
14

Running number
Event: who caused the log file entry, cams system or the operator

RED
0
CAMS_SYSTEM
OPERATOR
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5. Scripting Experiments
The scripting of experiments with AutoCAMS 2.0 is supported by a graphical user
interface that allows for a definition of different experimental runs. This interface
represents a tab strip window with two different tabs (see Figure 6).

Figure 6 AutoCAMS 2.0 Configurator

5.1.

Configuration Tab

For each experimental run (“block”) the following basic characteristics can be set:
1. the duration of the block [s] and
2. the level of automated assistance (no, IA support, AS Support, or AI Support)
provided within this block,
3. the sequence of system faults that shall occur, defined by type of fault, and
time of occurrence (“start time”),
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In case of AFIRA support it also can be defined for each fault whether the diagnosis
provided by AFIRA shall be correct or wrong.
Scripts generated under the configuration tab can be tested immediately (“test script”
button), and then saved (“save script as…” button). In addition, already existing
scripts can be loaded and run (“run script…” button).
In order to run an experiment, AutoCAMS 2.0 could be run with one script as a
command line parameter. For example if AutoCAMS
D:\Programs

and

the

script

is

called

2.0.exe is stored in

oxygen_errors.xml

(stored

in

D:\Programs\scripts) execute following command in Windows Command
Prompt:
D:\Programs\AutoCAMS 2.0.exe scripts\oxygen_errors.xml

5.2.

Building exe files

In order to run the specified experiment, the script need to get incorporated in an
executable file of AutoCAMS 2.0. The window supports a file open dialog. The user
can select script files for which specific an exe-file shall be generated. A message
box provides feedback on the proper generation of exe-files.
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6. Software and Implementation
The control system implemented by AutoCAMS 2.0 was extracted from a former
version of the CAMS software which was developed with Microsoft Visual Basic
Version 6.0. The control system for the cabin parameters is a simple on-off control.
The programming language for AutoCAMS 2.0 is Java SE Version 6. Java is used
because a Java application can be executed on many platforms. Also Java supports
most of object-oriented programming paradigm (OOP). It was expected that the OOP
will help to get a flexible and extendable new CAMS software. The decision for
developing a new version was encouraged by the termination of support for Visual
Basic 6.0.
Programming started with the integrated development environment (IDE) Eclipse.
Eclipse is used because it could be extended with plug-ins. E.g. it is possible to work
on a database server out of Eclipse. Since Netbeans version 6.1, an IDE provided by
Sun Microsystems, it is used as second IDE. Netbeans has advantages in building
user interface and Model-Driven Software Development.
As version control system Subversion (SVN) is used. It is running on LINUX server.
To access the server the svn protocol is tunneled trough SSH.
Design patterns were used to develop the AutoCAMS 2.0. For example the abstract
class ACamsSystem extends Observable. Any other class could observe an
ACamsSystem, which stands for control system and the cabin (according to observer
pattern). The user interfaces from AutoCAMS 2.0 and ManuCAMS interact both with
an object of ACamsSystem (according to Model View Presenter pattern).
The AutoCAMS 2.0 application can be controlled by script files. The file format is an
XML-format. The behaviour of the subjects and the AutoCAMS 2.0 control system is
written to comma separated value files.
Installation of AutoCAMS 2.0 is done by extracting a zip-file. One has to mind some
conventions for folder structure. You must not delete the folders buttons, config
and logs. The folder logs contains the log files. The folders config and buttons
contain images for the user interface and configuration conventions.
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7. ManuCAMS
The AutoCAMS 2.0 toolbox includes a specific component for the investigation of
manual process control tasks – ManuCAMS. In the following sections, the
ManuCAMS display and possible operator tasks, as well as the logging of data and
scripting of experiments will be described.

7.1.

The ManuCAMS display

The ManuCAMS display (see Figure 7) contains a permanently visible main display.
This main display provides information about the process states of the system
parameters in the two quadrants on the left hand side and a control panel for system
interactions in the lower right quadrant.

Figure 7 ManuCAMS display

The flow chart in the upper left quadrant displays a schematic overview of tanks,
pumps and valves for the two subsystems oxygen and pressure as well as an
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operation mode display for the carbon dioxide filter, the heater, cooler, pressure
valve and the dehumidifier.
The process trends in the lower left quadrant are permanently displayed for the
parameters oxygen, pressure, carbon dioxide and temperature. Information about the
progress of the concentrations of the four parameters can be accessed. For each
parameter, oscillations within and outside of both the target and the normal operation
range are displayed for a period of 240 seconds.
The control panels are located in the lower right quadrant. The user can manually
control the four parameters oxygen, pressure, carbon dioxide and temperature by
pointing-and-clicking at the corresponding buttons.

7.2.

The manual process control tasks

Subjects are presented with the scenario that a permanent breakdown of the
automatic control occurred. Accordingly, the operator’s task is to manually control the
affected parameters for a predefined period of time. Possible variations in the tasks
concern the selection of the damaged parameters, ranging from one to four that have
to be manually controlled. Further variations concern the period fixed for the manual
control task.

7.3.

Log File Data

During runtime, data regarding the state of the system is written into a log file with a
frequency of 1 Hz. In addition, the operation of all buttons and switches is registered
with a timely accuracy of about 20 to 150 milliseconds.
The log files can be found in the subdirectory logs, the name of the log file consists
of a code and the extension .txt. The code can be defined in the script file before
running ManuCAMS (see next section for details on the settings in the script file). If
no name was set, the log file name will simply contain four digits (e.g. 0000.txt).
A log file contains 16 columns, which are separated by semicolons. The first line of
the log file contains the headers of the columns. Figure 8 shows the first couple of
lines of a sample log file. Data are always written into each of the 16 columns, even if
the entry of only one column changed (e.g. an action performed by the operator).
Table 3 gives an overview of the columns’ contents. Note that the decimal separator
is a colon, e.g. ½ = 0,5.
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Figure 8 ManuCAMS log file
Table 3 Overview of log file contents
Column #
1
2
3
4

Description
Name of log file
Time stamp
Time code of the Operating System (milliseconds)
Event:: Operation of a switch or

Sample content
ManuCAMS0005.txt
01.09.2008 12:33:38
1220265218651
ox_man_on

5
6
7
8
9
10
11
12
13
14
15
16

just logging system state
Numerical Code of event given in column 4
Change of availability of automated control
Numerical code of event given in column 6
Change of availability of radio buttons
Numerical code of event given in column 8
Oxygen in cabin air (%)
Cabin pressure (bar)
Temperature (°C)
Carbon dioxide in cabin air (%)
Humidity of cabin air (arbitrary unit)
Amount of oxygen supply left (arbitrary unit)
Amount of nitrogen supply left (arbitrary unit)

timer
36
automaticTurnedOff
101
no_change_radio_buttons
102
19,900498
1,010025
21,080000
0,552422
40,100000
29982,444675
30000,000000

7.4.

Scripting Experiments

There are only few settings to make before running ManuCAMS. These settings must
be defined in a xml-file, which has to be given as the first argument value when
starting ManuCAMS from the command line. For example
C:\ManuCAMS> ManuCAMS.jar scripts\ManuCAMS.xml
will start ManuCAMS with the settings defined in ManuCAMS.xml, which is located in
the directory C:\ManuCAMS\scripts. Figure 9 shows the content of a sample
ManuCAMS script.
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Figure 9 ManuCams script file

Lines 3 to 6 of the script file can be used for purposes of documentation.
Settings relevant for the execution of ManuCAMS start in line 10. There, a code can
be defined which will become the base of the log file name and will occur at the
beginning of each line of the log file. A series of four zeros will be attached to the
code.

For

example,

the

entry

in

line

10

will

produce

the

log

file

ManuCAMS0000.txt. If a log file with this name already exists, data will be written
into ManuCAMS0001.txt instead. If there is a file with this name as well, the
number attached to the code will be increased until a unique file name is found.
Leaving out the code in line 10 will result in file names consisting only of four digits
and the extension .txt.
In line 11, the duration of the trial must be given in seconds. Note that this value must
be multiplied with the speed factor in line 12 to obtain the actual duration of the trial.
In the example above, ManuCAMS will terminate 60 seconds after it started.
Line 12 contains the speed factor of the simulation. The standard setting would be 1,
meaning that each second, the value of the parameters change. As the displays on
the interface are updated every second as well, a change in a parameter can be
seen immediately. The value of 0.5 in the example above means that parameters
need only half of the standard time to change, i.e. half a second. Thus, the speed of
the parameters’ dynamics has doubled. The changes of the parameters are greater
and more abrupt. Setting this value to 2 would make the dynamics of the parameters
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slower – they would need twice the time of the standard setting for the same amount
of change. The refresh rate of the display is unaffected by this setting, and remains at
1 Hz.
In experiments on manual process control, experimenters may want to disable the
automated control at a predefined time after the start of the trial. In line 13, the
number of seconds after the start of the trial after which automated control shall be
disabled can be given. Please note that the actual time of this event calculates from
the product of the values in lines 12 and 13. In the example in , the human operator
must take over control 10 seconds after the start of ManuCAMS.
In line 15, it can be specified which of the four parameters lose automatic control. In
the sample script file, automated control remains active for the temperature system
only.
As for the automated control, the availability of the radio buttons for adjustments of
the four systems of the life support system may be subject to experimental
manipulations. Line 16 contains the time after which some or all of the radio buttons
shall be disabled and line 17 the specification for each of the four systems. Again, the
actual time of this event calculates from the figure in line 16 times the speed factor
from line 12. In essence, the settings in the example will disable the radio buttons of
the oxygen system 10 seconds after the start of the trial.
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