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Abstract: Thisdocument contains arange of needs and requirements concerning the construction
of alight control system for afloor of a university building. A description of the building architec-
ture and of some pre-ingtalled (light-)hardware is included. This problem description was the com-
mon input for all participants of the requirements engineering case study “Light Control”.
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0 Introductory Note

This document gives an informal description of the problem “Light Control System”,
that is the subject of the considered case study. It is based on two previous versions that
have been used in the Sonderforschungsbereich 501 “Development of Large Systems
with Generic Methods”, alarge project at the Computer Science Department of the Uni-
versity of Kaiserdautern. The initia version was created in 1995 by Stefan Queins and
Gerhard Zimmermann. The second version (reported in [1]) integrates several changes
by Martin Becker and Martin Kronenburg. This version was aso used in a Dagstuhl
Seminar on “Requirements Capture, Documentation, and Validation” that took place in
June 1999.

Finaly, the version presented here is the result of repeated revisions by Martin Kronen-
burg and Christian Peper in agreement with Rolf Merz and Jirgen Schéfer from the Elec-
trical Engineering Department of the University of Kaiserdautern, who were acting as
customers in the light control case study (LCCS). Some additiona improvements are
based on input received from Daniel Berry, Vincenzo Gervasi, Julio Leite, and Vinicius
da Silva Almendra.

Thus, the basic intention of providing a customer document as the basis for the case
study has been preserved. The revisions were intended to reduce the need for customer
feedback during the LCCS. Furthermore, to achieve solutions that are better comparable,
all interactions between the customer and the participants of the case study have been
published on the web [3].

The problem description “Light Control” is divided into 4 parts. [Part 1] is abrief intro-
duction. [Part 2] describesthe architecture of the 4th floor of a university building in Kai-



serdautern, which is the subject of the informal needs given in [Part 3]. Finally, [Part 4]
lists and explains technical termsthat are used in the document.

Note that thisis a reformatted version of the original LCCS problem description [2]. To
support the traceability of any references into the original version, the former page num-
bers are included here. The original paragraph numbering now appears at the end of the
paragraphs.
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1 Introduction

The main mativation for the development of a new light control system are the disadvan-
tages of the currently existing system. Since dl lights are controlled manually, eectrical
energy is wasted by lighting rooms which are not occupied and by little possibilities to
adjust light sources relative to need and daylight. (1)
In the following document,

- keywords are marked a their first occurrence and listed in the additiona dictio-

nary [Part 4]. (2)
- Wordswritten in emphasis are names of physical sensorg/actuators. (3)
- Paragraphsare numbered for easer reference. (4)

2 Floor Description

Inthispart, the architecture and theinstallation of the given sensors and actuators of Build-
ing 32, 4th floor is described. (5)

The fourth floor of Building 32 consists of three sections and shares two staircases, sair-
case eadt (SCE) and gtaircase west (SCW), with other floors of the building, as shownin Fig-
ure 1. Each section is divided into some hallway sections (H) and rooms, each of which
may be an office (O), acomputer lab (CL), ahardware lab (HL), aperipheral room (P), or
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ameeting room (M). All rooms in a section are accessible via a connected hallway section.
There are three hallway sections and 22 rooms to control. [Figure 1] shows aso the six out-
door light sensors (0lsl - 0ls6) and the mgjor compass directions. The sensors cover the Six
directions of the different walls. The labdl in aroom indicates the type of the room and gives
aunique number, see[Figure 1]. (6)

2.1 Office Description

Each office (shown in [Figure 2]) has one door (d1) to the hallway section and can have up to
two doors (d2, d3) leading to its adjacent rooms. Each door is equipped with a door closed
contact, named dcc<n>, where nisthe number of the door in theroom. (7)
Each office is equipped with (8)
1. onemotion detector (imd), so that the roomisfully covered.
2. two ceiling light groups (window and wal). The luminaries in a ceiling light
group in any room are turned on or off only asagroup.
Each ceiling light group is controlled by one push button on the wall (pbl and
pb2, respectively), which togglesthe ceiling light group if pushed.
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Figure 1: Architecture of the 4th Floor of Building 32



A ceiling light group in aroom shows the following behavior if the corresponding
push button is pushed:
(i) if thecelling light group is completely on, it will be switched off
(i) otherwiseit will be switched on completely.
3. Each cdling light group can be dimmed with its own dimmer-actuator.
4. twostatus lines (d11 and d12) each of which shows the status of one ceiling light

group.

2.2 Computer Lab Description
Sameas office. (9)

2.3 HardwarelL ab Description
Same as office, but with more than one door leading to the hallway section. (10)

2.4 Meeting Room Description
Same as office. (11)

2.5 Peripheral Room Description

The periphera rooms will not be controlled by the control system, and thus they are not
described herel (12)

2.6 Hallway Section Description

Each hallway section is limited by two doors, each of which is leading to an adjacent hall-
way section or to an adjacent staircase. The associated names of the doors (d1, d2, d3, d4)
are shown in Figure 1. Each door is equipped with a door closed contact, named dcc<n>,
where nisderived from the labd of the door. (13)

Each hallway section is equipped with (14)

1. two motion detectors (imd1 and imd2), placed above the doors at each end of the
hallway section to determine the presence of a person near adoor,

one motion detector to cover the whole section (imd3),
3. onehallway section ceiling light group. Theluminariesin a hallway section cell-
ing light group are turned on or off only asagroup.
Each ceiling light group is controlled by severa push buttons (pb<i>) each of
which togglesthe ceiling light group if pushed.
A halway section ceiling light group shows the following behavior if a push but-
tonis pushed:
(i) if the hallway section ceiling light group is on, then it will be switched off
(ii) otherwiseit will be switched on
4. one status line (dI1) that shows the status of the hallway section ceiling light

group.
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2.7 Staircase Description
Each staircase connects severa floors. (15)
At thelanding of each Saircase at each floor, the staircase is equipped with (16)

1. onemotion detector (imd1) above the door of the landing that |eads to the adjacent
hallway section to detect motion in the staircase near the door.
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Figure 2: Office Architecture

2.8 Sensor Description

Analog sensors typicaly have an exponential response time. Conversion time is the time
to convert the andog vaue to a digital one that can be accessed by the control system.
Reaction time is the time from a change of the sensed property to the time when the sensor
has reached 90% of the change, excluding conversion time. (17)

Tvoe Reso- Range Reaction| Conver- Description
yp lution 9 Time |sion Timg P
door closed 01 10ms Itisplaced above the door and is 1 if
contact ’ the door isfully closed, O otherwise
motion If setto 1, aperson is moving, even
detector 0,1 1s very dowly, in the range of the
detector.

Table 1: Sensors



Type REO- | ponge | ReaCtion| Conver- Description
yp lution g Time |sion Time P
. Sensesif the light voltage isturned
datusline 0,1 10 ms on (1) or off (0).

Mounted perpendicular to facade,
outdoor 11ux 1-10000 10ms 1s measures theillumination of the
light sensor lux facade for the calculation of light

flow through awindow.

Table 1: Sensors

2.9 Actuator Description

Actuators have a linear response time. Reaction time is therefore defined as the time to
change from 0 to 100% respectively 100 to 0%, if different. (18)

Reaction _
Type Range | Control Time Description
control system 01 10ms If the control system sendsa 1 within
active ’ every 60 s, the control system is till dlive.
dimmer 0-100% 10ms Controlslight between 0 (off) and 10-
100% (on).
pulse 01 10ms If the value changes from Oto 1, the light
changes from on to off or from off to on.
push button 0,1 10 ms 1 aslong as pushed

Table 2: Actuators

2.10 DimmableLight

The structure of adimmable light isshownin[Fig. 3]. Inputsto adimmable light are created
by apulseto toggle the light, by adimmer to set the current dim vaue, and by control system
activeto show the status of the control system. If thissignal is not sent every 60 s, the dimma-
ble light switchesto fail ssfe mode, i.e. dim valueis assumed to be 100%. Outputs of adim-



mable light are generated by agtatus lineto show the current state (on or off) of thelight: (19)
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Figure 3: Dimmable Light

3 Informal Needs

This part contains the needs for anew light control system for the fourth floor of Building 32
of the Univerdity of Kaiserdautern. (20)

In [Section 3.1], functiona needs are listed and in [Section 3.2] non-functiona needs are
listed. (21)

3.1 Functional Needs

The functiond needs are split into two groups, user needs and facility manager needs,
depending on the person who has expressed them. (22)

3.1.1 User Needs

The user needs are labelled by U<number>. (23)
At firgt, general user needs are listed, which are demanded for each kind of room: (24)

If a person occupies a room, there has to be safe illumination, if nothing dseis
desired by the chosen light scene.

Aslong astheroom is occupied, the chosen light scene hasto be maintained.

If theroom is reoccupied within T1 minutes after the last person haseft the room,
the chosen light scene hasto be reestablished.

If theroom is reoccupied after more than T1 minutes since the last person has | eft
the room, the default light scene hasto be established.

For each room, the chosen light scene can be set by using theroom control panel.

Ul

U2
u3

U4

us



U6  Foreachroom, the default light scene can be set by using the room control pandl.

U7  For eachroom, thevaue T1 can be set by using the room control panel.

U8  If any outdoor light sensor or the motion detector of a room does not work cor-
rectly, the user of thisroom hasto be informed.

U9  Theroom control pane for an office should contain &t least:
(i) apossihility to set each ceiling light group
(i) apossihility to set the chosen and the defaullt light scene
(iii)apossbility toset T1

The user needs concerning the offices are: (25)

U10 Thecelinglight groups should be maintained by the control system depending on
thecurrent light scene.

U1l A room control pand in an office should be moveble asis ateephone.

The user needsfor the remaining rooms are: (26)

U12 Inadl other rooms, the room control pane should be instaled near a door leading
to the hallway section.

The user needsfor the hdlway sectionsare: (27)

U13 When ahallway sectionisoccupied by aperson, there hasto be safeillumination.
Ul4 Before aperson enters one hdlway section from another one or from a staircase,
the hallway section ceiling light group in the section being entered hasto be on.
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3.1.2 Facility Manager Needs

Thefacility manager needs are labelled by FM <number>.(28)

FM1 Usedaylight to achieve the desired light setting of each room and each hallway
section whenever possible.

FM2 The ceiling light group in each halway section has to be off when the hallway
section has been unoccupied for a least T2 minutes.

FM3 Theceling light groupsin aroom haveto be off when the room is unoccupied for
at least T3 minutes.

FM4  For each halway section, the value T2 can be set by using the facility manager
control panel.

FM5  For each room, the value T3 can be set by using the facility manager control pandl.

FM6 The facility manager can turn off the ceiling light groups in a room or hallway
section that is not occupied.

FM7 If amalfunction occurs, the facility manager hasto be informed.

FM8 If a mafunction occurs, the control system supports the facility manager in
finding the reason.

FM9 The system provides reports on current and past energy consumption.

FM10 All mafunctions and unusua conditions are stored and reported on request.

FM11 Mafunctionsthat the system cannot detect can be entered manually.

3.2 Non-Functional Needs



The non-functiond needs are split into severa groups according to the aspect they are dedling
with. They arelabeled by NF<number>. (29)

3.2.1 Fault Tolerance

In any case of failure, the system shal provide a stepwise degradation of functiondity down
to manua operahility. (30)

Needsin the case of amalfunction of the outdoor light sensor: (31)

NF1 If any outdoor light sensor does not work correctly, the control system for rooms
should behave as if the outdoor light sensor had been submitting the last correct
measurement of the outdoor light congtantly.

NF2 If any outdoor light sensor does not work correctly, the default light scene for dl
roomsisthat al ceiling light groups are on.

NF3  If any outdoor light sensor does not work correctly and a hallway section is occu-
pied, the ceiling light group in this hallway section hasto be on.

Needsin the case of amafunction of the motion detector: (32)

NF4  If any motion detector of aroom or a hallway section does not work correctly, the
control system should behave asif the room or the hallway section were occupied.

Needsin aworst-case failure of the control system: (33)

NF5 If theceiling light group in ahalway section is controllable neither automaticaly
nor manually, the ceiling light group of this halway section hasto be on.

3.2.2 Safety and L egal Aspects
NF6 All hardware connections are made according to DIN standards.
NF7  No hazardous conditions for persons, inventory, or building are allowed.

3.2.3 User Interface
NF8 Thecontrol panelsare easy and intuitive to use.
NF9  The system issues warnings on unreasonable inputs.



4 Dictionary of Terms

Keyword

Description

actuator

device that can be used by the control system to control an
environmental quantity

ambient light level

illumination in aroom

analog sensor

a sensor that measures an analog value

architecture

structure of a building, floor, or room

ceiling light group

luminary under or in the ceiling,

chosen light sl e

3: Ak eeary PR RYPOiSeh BIMHINEABIA eRsieli Ranel for the

case that aroom is occupied

room with apool of terminals and workstations, open to all users and

computer lab temporarily to students of a class

small device with a keyboard, LEDs for important states, and asim-
control panel )

ple display for textual messages
control system hard- and software system that controlsindoor climate, lighting,

safety and security

current light scene

the light scene currently established by the control system

default light scene

alight scene for the case that aroom is not occupied

desired light setting

the setting of a ceiling light group in aroom or a hallway section
desired by the control system

dimmable light

luminary that can be dimmed

dimmer-actuator

actuator controlling the output of aluminary

door

connection between rooms and hallway sections

door closed contact

electrical or magnetic gadget to determine the state of a door

facility manager

person responsible for running a building on adaily basis

facility manager
control panel

acontrol panel for the facility manager

floor

part of abuilding

hallway section

part of a section between several roomsto connect them to each other

hallway sections
ceiling light group

ceiling light group in a hallway section

hardware lab

room with terminals and other electronic devices

illumination

amount of light falling on a surface, measured in lux




Keyword

Description

installation

equipment belonging to a building

light scene

alight scene is a predefined setting of the ambient light level and a
prescription that determines in which way the ceiling light groups
should be used to achieve this ambient light level. A light sceneis
given by:
1. name of the light scene
2. the desired ambient light level in aroom
3. one of the following three options. window, wall, both
window means that at first the ceiling light group near the window
should be used to achieve the desired ambient light level and then
the other ceiling light group
wall means that at first the ceiling light group near the wall should
be used to achieve the desired ambient light level and then the
other ceiling light group
both meansthat both ceiling light groups should be used equally to
achieve the desired ambient light level

malfunction

incorrect behavior of adevice

meeting room

aroom open to all users

motion detector

sensor detecting motion of aperson or animal in itsrange, stateison
during positive detection

office

room for one or two users with terminals and/or workstations

outdoor light sensor

sensor measuring the illumination in a half sphere perpendicular to
it'sflat bottom

peripheral room

room for computer peripherals, copy machines; open to all users

push button

an actuator for switching on and off a ceiling light group; it ison, as
long as pushed manually

room

part of asection

room control panel

acontrol panel in aroom

safe illumination

illumination greater than 14 lux

section part of afloor

sensor device that can sense something

staircase part of a building connecting several floors
statusline wire that has the status of adevice asvalue
user person occupying aroom or a hallway section

Table 3: Dictionary of terms of the application domain
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