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Introduction
The theme of the DEWT3 peer conference (april 2013) was systems thinking. At this
conference I shared an experience in which I presented the diagram below. This diagram is a
visual representation of a lighting system for car parkings and its ecosystem.

At Let's Test 2013 (may 2013), I showed Michael Bolton this diagram and I asked him to help
me find a name for it. Michael suggested project ecosystem and project ecology to describe
this model but I'd like to call it a Product Ecology for Testers because the focus of the
diagram is on the products (solution) and the product's context.
The concept of a Product Ecology for Testers requires a description about what it is and
what it is not, including examples. At this moment however, the concept of a Product Ecology
for Testers is in a exploratory phase. The purpose of this document is to explain to others
who might be interested in this way of analyzing a product what this diagram shows. As
such, it might be considered a first step towards a description.
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The Lighting System
The problem
The problem of car park owners is the energy consumption of their car parks. The energy
consumption of a car park is a substantial part of the operational costs. The energy
consumed by current lighting systems is 70% of the total energy consumption of a car park1 .
Car park owners are prepared to invest in lighting systems which consume less energy in
order to save money.

The solution2
The main purpose of the lighting system is to provide light and to save energy compared to
fluo luminaires and thus costs without hampering the safety and comfort feelings of car park
users.
The lighting system is a set of interacting LED luminaires, presence sensors and tools
forming an integrated lighting application that is applicable to covered car parks. The
luminaires, presence sensors and an upload tool interact with each other via a wireless
network. The presence sensors detect movement and convey this with the luminaires.
Subsequently, the luminaires will use this information to dim up or down accordingly. The
upload tool is used for updating the software of the luminaires during development only. A
remote control is used to select a luminaire and subsequently to commission it and to group
luminaires into zones. The system also includes documentation like manuals and guidelines.
Adjacent luminaires are put into zones i.e. groups to save energy further as only zones
wherein movement is detected will be dimmed up. Luminaires in one zone act together as
one i.e. they dim up and down all together at the same time. For this purpose all the presence
sensors of a zone share presence with the corresponding luminaires via the wireless
network i.e. a zone will be dimmed up only, when there is movement detected in the zone. A
luminaire can be part of one zone only.

1
2

Where is the evidence for this claim?
The text in this chapter is a slightly modified copy from the system specification
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The diagram
The diagram is a visual representation of the lighting system and all the things in the lighting
system's ecosystem that has a meaningful relationship with the lighting system.
A relationship is meaningful when the relationship results in requirements for the lighting
system.
The things that the lighting system is made of and the relationships between these things
must be consistent.
But also the things that have a relationship with the lighting system must be consistent with
the lighting system and vice versa.
This means that both ends of a relationship must be investigated and understood as well as
the relationship itself e.g. cause and effect or interaction.
The diagram shows things and some relationships but there are many, many more things
and many, many more relationships that were omitted from the diagram.
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The Lighting system
The lighting system is decomposed into several components.

LED Luminaire
The backbone of the luminaire is called a tray. Mounted on the tray are the LED boards, a
driver, a controller and a multisensor. LED boards are printed circuit boards on which the
LEDs are mounted.

The packaging of the luminaire is designed for the luminaire, two ceiling mounting clips and
an installer manual. The packaging has a specific label.

Controller
The controller is the computer of the luminaire. Messages are sent to and from other
luminaires and presence sensors via a wireless connection. A multisensor sends
commands from a remote control to the controller to which it is connected. The controller
sends lighting control commands to the driver to which it is connected.

The controller consists of a
● Main board with a microcontroller and firmware
● Radio Frequency board for wireless communication with a microcontroller and
firmware
The main board and the radio frequency board communicate via a serial interface with a
dedicated serial communications protocol.

Multi-sensor
The multisensor contains various sensors; a daylight sensor, an infrared sensor for remote
controls and a PIR sensor. Only the infrared sensor for the remote control is enabled, the
other two sensors are disabled. The multisensor contains a microcontroller and firmware.
The multisensor sends remote control commands to the controller.
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Driver
The controller sends commands to the driver and the driver adjusts the current that drives
the LED boards accordingly. The driver has two conversion functions; linear and exponential
(default). The driver contains a microcontroller and firmware.

Presence sensors
Presence sensors are offtheshelf office sensors which are reused in car parks. The
sensors are mounted inside a sensor box to protect them from vandalism and to make them
waterproof. Sensors are based on PIR technology. Sensors communicate via the wireless
network with the luminaires. Sensors contain a microcontroller and firmware.

A ceiling sensor is mounted inside a dedicated ceiling sensor box.

A corridor, corner or wall sensor is mounted inside a dedicated CCW sensor box.

Remote Control
A remote control with special lighting system commands is used to commission/configure
the lighting system.

Upload tool
The upload tool is used to upload a new firmware image into the controllers (Main board and
Radio Frequency board) of a zone of luminaires.

The tool consists of a Windows application, a wireless dongle to link the upload tool to a
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zone. The dongle contains firmware.

Documentation
Various documents are written with explanations and instructions for various stakeholders.

●
●
●
●

Installer Manual
Light Plan
OEM Manual
Emergency Manual
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The Lighting System's Ecosystem
Stakeholders
Human beings are the key species in the lighting system's ecosystem. Human beings are
stakeholders who require something from the lighting system. A human being can have
multiple user roles e.g. installer and commissioner. Human beings are represented by the
icon below.

The system specification identifies a number of user roles and covers their use cases.

Quality labels
Green labels are quality labels or key requirements. A subset of the requirements are
regarded as critical to quality requirements. These are the top measurable requirements
which are added to the diagram as a reminder to what is considered important. These
requirements are not explained in the remainder of this document. Below are a few
examples.

Numbers and Frequency labels
I got the idea to add numbers and frequency labels after reading about sumlike variables in
Daniel Kahneman's book Thinking, Fast & Slow (Kahneman, 2011).
Because System 1 represents categories by a prototype or a set of typical exemplars, it
deals well with averages but poorly with sums. The size of the category, the number of
instances it contains, tends to be ignored in judgements of what I will call sumlike variables.
Numbers and frequencies are added to the diagram to prevent that they will be ignored in
judgements. Below are a few examples.

Question marks
Red question marks, as in the example below, are placed in the diagram as a reminder that
there is uncertainty with respect to that particular part of the diagram. Question marks are not
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consistently added or removed.

Layout
The layout of the diagram roughly follows the concepts of supply chain and value chain.
A supply chain is a system of organizations, people, activities, information, and resources
involved in moving a product or service from supplier to customer. Supply chains link value
chains. Wikipedia
A value chain is a chain of activities that a firm operating in a specific industry performs in
order to deliver a valuable product or service for the market. Wikipedia

The figure above shows a chain of activities (or business processes) which are used to
group all the things in the ecosystem e.g. Research & Development, Manufacturing etc. I
think that the diagram should include all the activities of all the suppliers and of the customer
that are part of the product life cycle. In this diagram, all the activities that are part of the
lighting system life cycle. This includes procurement of COTS components, software
libraries, plastic boxes until the dismantling of the lighting system and everything in between.

Customer
This customer activity contains the operational context of the lighting system and the
organisational context of the customer. Note that the customer box represents all the
activities of the customer. It would be a good idea to decompose the customer activity into its
supply chain and value chain activities in a future version of the diagram.
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Car park

The lighting system devices will be used in covered car parks where they are protected from
direct weather influences like sun, rain, wind, cold and heat. However, it is possible that the
car park has windows, so that some outside weather conditions can impact the lighting
system devices directly. (Note that the car park at least must be covered i.e. that it must have
a roof.)
Qpark and P1 are two major players on the European car parkings market3 .
3

An interesting observation is that the first two parkings in which the lighting system was installed are
private parkings.
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Car park layout
The layout of the car park determines the grid of the luminaires i.e. where luminaires are
mounted to provide enough light and where the presence sensors have to be mounted to
detect movement.The distance between the luminaires and the presence sensors is a critical
factor with respect to wireless communication.

Environmental conditions
A rich set of environmental factors influence the behaviour of the lighting system.

Presence sensors contain PIR technology. PIR (Passive Infrared) reacts to infrared light
which is emitted by warm things like the sun and human beings. The idea is that movement
of vehicles and human beings is detected but the sun (reflections) can also cause the PIR
sensor to report movement. This should be taken into account when the position of the
presence sensors is planned.
The ambient temperature (thermometer) influences the behavior of the PIR. There are also
requirements with respect to storage temperature and operating temperature of the devices.
PIR sensors are very sensitive to temperature changes caused by hot air/wind (cloud)
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caused by an air conditioning device in a parking. This should be taken into account when the
position of the presence sensors is planned.
It should be possible to store or operate the devices under specific humidity conditions (water
drop).
Capacitors which are electrical component, are sealed components i.e. liquid in a housing
sealed with a rubber. If the air pressure becomes too low (on a mountain) the rubber is
pushed outward and the capacitor starts to leak. This impacts lifetime of the devices in a
negative way.
The devices should be compliant to vibration standards.
A car park can be dusty due to moving vehicles and car exhaust. Therefore the lighting
system devices must have ingress protection for water and also dust. Or the dust/exhaust
might enter the devices via small holes or cracks which might cause the device to fail.

Car park user
A car park user is a human being who will use the car park for parking his vehicle. Therefore
he will enter the car park with his vehicle, enter the car park to obtain his vehicle, walk to a
vehicle to get/leave something or to drive away with the vehicle alone or with passengers.
Children and disabled people (wheelchair) are also seen as car park users, but animals are
not.

Examples of vehicles are bicycles (in the Netherlands car parks sometimes have reserved
spaces for bicycles), motorcycles, convertible cars, conventional cars, electric cars or a
small trucks.

The model above contains the stages through which a car park user might move through a
car park. A vehicle approaches a car park on the left and leaves the car park on the right but
many variations are possible. Some stages are optional. Also relevant for the lighting system
is the start/stop/speed profile.
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Animals

Will the presence sensors detect moving birds, cats or mice? Does it matter?
Spiders might build a web inside a luminaire or presence sensor which causes the device to
fail. This is a know problem.

Malicious car park user4
A malicious car park user or shortly: hacker will try to disturb the operation of the lighting
system, to steal and/or to damage lighting devices. A malicious car park user will be able to
enter the car park, because it might be a public space.

A malicious car park user is also called a hooligan or vandal. Security measures have to be
taken to protect physically the lighting devices in a car park, because of this type of user. It
must be assumed that some malicious car park users will have:
● knowledge of the lighting system,
● knowledge of the used technologies and/or,
● obtained lighting devices e.g. upload tool or remote control,
so that they can potentially “attack” the lighting system successfully.

Commissioner
The commissioner uses a remote control to configure the luminaires and group them
together with the presence sensors in zones.

4

I'm sorry, our system architect came up with this name.
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The commissioner will take care that the luminaires are correctly configured so that the
lighting system has the required lighting and presence sensor behaviour. The specified
configuration and zones are documented in the light plan. Furthermore, he will also execute
tests to check whether the luminaires are configured correctly. The commissioner is an
expert in commissioning and testing the lighting system. He is not able to do rewiring
luminaires or (re)position presence sensors. If a commissioner needs information on how to
operate the remote control or needs specifics about the lighting system, he can look them up
in the OEM Manual.

Installer
The installer will physically mount and/or retrofit the lighting devices in the car park. He will
also rewire power cables and add luminaires to or removes luminaires from the current light
plan of the car park, if mandated by the light plan.

The installer will take care that the lighting devices are correctly mounted and powered, if not
battery powered. The installer has no clue about light and sensor designs. His only expertise
is in mounting lighting devices and, if necessary, (re)wiring luminaires. The installer manual
contains information on how to mount and wire the lighting devices.

Development engineer
The development engineer will be able to upload a new software image into the lighting
devices, if needed. The upload tool consists of a desktop application and a dongle. The
upload tool must be added to the zone before the zone can be updated.

The development engineer is an expert in commissioning, sensor design, wireless
networking and Radio Frequency applications. He will be the trouble shooter in case the
lighting system is not working properly.

Passer by
A passer by passes by a car park or lives opposite the car park. A passer by observes the
car park from outside.
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Maintainer
The maintainer will do small reconfigurations of the luminaires during the lifetime of the
lighting system, if needed. Furthermore, he will replace malfunctioning luminaires by new
ones and will apply maintenance to the lighting system devices to guarantee proper operation
during their lifetime. For example the maintainer periodically (approximately once per year)
will clean the luminaires for optimal light performance and the presence sensor for optimal
presence detection. He will use a pressure washer for cleaning the lighting devices.

The emergency manual describes how the lighting system can be put in a 100% light level
fixed output state.

Energy provider (or electricity company)
The energy provider provides energy to the lighting system and wants money in return from
the garage owner. The price to be paid for energy (per kilowatt hour) is an important
parameter which is used in the lighting systems business case.

Garage owner
The garage owner owns the car park. He will discuss with the consultant a possible
retrofitting of the car park. The car park owner has a lighting system based on fluo. The car
park owner invests in the lighting system based on LED and dimming because this will save
energy.
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Garage operator
The garage operator will do the daily operation of a car park on behalf of the garage owner.

Installer (sales)
Initially there was a discussion about how the lighting system would be sold to the garage
owner. Will marketing & sales sell the system directly to the garage owner or would it be sold
via the Installer (sales) which is common practice in building management.

Documentation

The six documents above were mentioned in a project milestone checklist. It is unclear who
the intended audience is for some of these documents and what the contents should be.
Hence the question mark.

Market + Marketing & Sales

Market
Market is not really an activity but it is a category of things which are part of the market this
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product will be available in i.e. lighting systems for car parkings.
Certifying bodies is a placeholder for all the laws, regulations and standards which are
applicable in a particular market and that the product(s) should be compliant with or take into
account.

An example is NENEN 124641 which is a European Standard which specifies lighting
requirements for humans in indoor work places, which meet the needs for visual comfort and
performance of people having normal ophthalmic (visual) capacity. Car parkings are
addressed in this standard.
Competition is a placeholder for the competing products.

Marketing & sales
Marketing & sales is combined in this activity. Two roles take care of the marketing & sales
activities:
● Account manager is responsible for the lighting system
● Product manager controls is responsible for the OEM devices

The light plan consultant will either create or update the current light and presence sensor
design to accommodate an optimal retrofit with the lighting system. Subsequently, he will
discuss it with the garage owner. The light plan consultant is an expert on light and sensor
designs.

The application engineer and train the trainer are roles which were mentioned in the context
of marketing and sales. The application engineer is also in the support activity so I think that it
is a duplicate and can be removed. It was mentioned that the sales people in all the countries
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in which this organisation operates shall be trained in how the lighting system works. It was
still unclear who and how this would happen.

The cookbook is a guideline document which can be used by a light plan consultant. It should
be moved towards the light plan consultant in the diagram. The cookbook contains rules, tips
and tricks which should be taken into account to guarantee a lighting system that works
properly.

Support
This support activity contains a simplification of the support organisation. The support
organisation handles customer complaints.

There are three levels of support:
1. After sales; 1st level of support
2. Customer care; 2nd level of support
3. Application Engineer; 3rd level of support

Logistics
This logistics activity is divided in two sections:
● Warehouse
● Transport
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Warehouse
The controller, the multi sensor, the driver, the sensors, the sensor boxes and the remote
control are OEM components. This means that these components can be integrated in
luminaires of other lighting systems manufacturers. These components are on stock in
warehouses around the world.
The controller can be used in various lighting applications; office, parking etc. The firmware of
the controller can handle all these applications but not all applications are offered to OEMs.
Late stage configuration was introduced to solve this problem. If an OEM orders a controller
for an office application, the controller will be configured in the warehouse as an office
controller. Configuration of the controllers is done by a software updater who might use an
instruction manual.

The initial idea was to put luminaires on stock but this was changed later. If a lighting system
is sold to a customer, then the required number of luminaires as specified in the light plan are
produced. The diagram is not uptodate in this respect.

Transport
Transportation of the lighting system devices is done in various ways and world wide; truck,
airplane, boat etc. The storage temperature of the devices can become very high e.g.in a
shipping container in Dubai. There are also requirements with respect to identification,
packaging and labeling.

Manufacturing
Luminaire devices are produced by various manufacturers.

A manufacturer will produce a lighting device. He will obtain particular components and
subsequently will produce the lighting devices. Furthermore, he will test them to check their
proper operation, before they are shipped. The system specification includes test
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requirements.
The manufacturer of the controls, for example, produces the controller. Part of the production
process are documents with measuring instructions or test scripts which are used by an
employee to verify that the controller works.

Research & Development
The Research & Development activity executes projects and subprojects that together
develop the lighting system.

The blue box represents the luminaire project. The people in this project are responsible for
the development of the Luminaire.
The green box represents the controls project. The people in this project are responsible for
the development of the lighting system and the the controls.
The organization represented in the drawing is a simplification of the real organisation. Parts
of the lighting system are outsourced to India and China other parts are obtained from
platform development projects. It is important to add the complete organisation to the
diagram because of the impact on the test strategy.
I don't know anymore who the Product Marketing Manager is.
In the beginning of the project it was mentioned that a Technical Writer was required to write
all the lighting system documentation.
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Note that System Tester is part of the controls project. Various test setups were developed to
support early testing but they are not in the diagram.
The business case is the business case of the project.

Relationships
The blue bubbles and lines is an idea to represent relationships between things.

The garage owner has to pay the energy provider for the energy consumed. The garage
owner invests in a lighting system that will save energy and thus energy costs without
hampering the safety and comfort feelings of car park users.
The light plan consultant designs a light plan and takes into account:
● LEDs are selected over fluo luminaires. LEDs consume less energy compared to
fluo.
● applicable standards (certifying body)
● the requirements of the garage owner
● the layout of the car park
● LEDs provide less light with the same amount of energy over time so initially the light
level has to be slightly above the standardized minimum.
The light plan specifies:
● # Areas i.e. zone layout
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●
●
●

# Luminaires / Zone
# Sensors / Zone
Configuration of the zones e.g. the dimmed down light level is configurable i.e. 10%,
20% or 30%

A car park user will probably file complaints with the garage operator if he or she doesn't feel
comfortable or safe. The garage operator has the opportunity to handle these complaints and
change the behaviour of the lighting system
The garage owner pushes for low energy consumption but there is a minimum light level
specified in applicable standards. It is possible that after the parking is installed, some fine
tuning is done by the garage owner to reduce even more energy e.g. reduce # Sensors.
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