
Abstract—In  this  article  we  present  an  approach  to  an
adaptive  lighting  system as  an  intelligent  object  supporting
urban space, especially for the elderly. This intelligent lighting
system  is  used  as  an  instrument  to  improve  the  feeling  of
safety in everyday life  by overcoming barriers  such as dark
areas  at  night.  The intelligence  of this  system is  based on a
personalized  and  position-dependent  adaptation  of  light,
whereby intensity and color can be varied. This article focuses
on the  technical  implementation of a  corresponding lighting
system.  In  this  context,  the  main  point  of  emphasis  is  the
overall  architecture,  especially  from the  point  of view of  an
application system.

I. INTRODUCTION

ith regard to the digitalization of the urban environ-

ment, commonly referred to as Smart City, recent ef-

forts in this area are now focusing on an increasingly age-

ing population. The latest findings will be described in [1]

in this context. So-called smart urban objects can be used in

public areas to increase the sense of security of older people,

which can enhance their participation in public life. In [1]

an information radiator is presented as a typical member of

a smart  urban  object whose task is to boost the feeling of

well-being by means of a tailored information supply for el-

derly people.

W

As another typical representative of a smart urban object,

this work realizes a lighting system which aims to increase

the feeling of security in this environment by a personalized

adaptation  of  the  light.  The  application  portfolio  of  this

adaptive lighting system is aimed at the personalized rout-

ing  of elderly people,  especially in  rural  areas,  since  the

light pollution component is initially negligible due to too

many people on one lighting section. The focus of this work

is on the conception of a complete technical architecture as

well  as  the  description  of the  individual  sub-components,

which are necessary in the course of an implementation. So

we can  formulate  the  following  research  question:  How

must  an application  architecture  be  designed  in  order to

implement  personalized  and  position-dependent  adaptive

lighting?

The  aspect  of personalization  is  realized  by a  personal

transmitter, which can be comfortably carried along by the

elderly and can be used for distance measurement. Based on

this  personalized  distance  information,  the  light  can  be

adapted to the intensity and color of the light. The psycho-

logical component of this light adaptation is excluded from

the investigations in this article.

Section 2 of this article explains the preliminary work to

date  in  the  field  of  intelligent  lighting  systems.  Subse-

quently, Section 3 describes the general technical system de-

sign with all associated subsystems for the implementation

of a personalized adaptive lighting system. Based on this, a

detailed examination of the specific elements of the subsys-

tems required for an implementation is carried out in Sec-

tion 4. Section 5 explains the advantages and disadvantages

of the system, which can be evaluated based on the imple-

mented prototype. In summary, Section 6 concludes with a

final review of the adaptive lighting system.

II. RELATED WORK

In the past, various attempts tried to adjust the effect of

light on adequate situations of everyday life in a target-ori -

ented way. In  [2],  lighting  in  buildings was optimized so

that  sensors  first  register  the  existing  natural  light  and,

based on  the  acquired  information,  afterwards  reduce the

energy-bound electrical lighting to a minimum. 

The minimized energy consumption also reduced the en-

ergy costs. This approach used wireless sensor networks in

order to detect the already existing daylight. In contrast to

the wire-bound variant, the wireless option showed various

advantages.  On  the  one  hand,  higher  flexibility  is  given

which makes the installation of the option much easier in

already existing buildings. Further, the size and costs of the

metering sensor system are being reduced due to the wire-

less variant.  The network consists of an array of light sen-

sors which communicate with a master node. That way, in-

formation about the current lighting state of the daylight are

provided.  The controlling  of the lamps happens  based on

the master node.
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A polychromatic  lighting  system,  which  is  variable  in

terms of light color and intensity of lighting, was introduced

by [3]. This way, lighting can be adjusted adequately to the

needs of the user. Based on the already existing lighting in-

tensity and light color, the realization of the light constella-

tion is being regulated via linear  and non-linear  optimiza-

tion techniques so that only a minimum of energy is needed.

In  order  to apply optimization  strategies  in  this  case,  the

overall system had to be modelled. This includes measuring

elements and lighting  elements.  The lighting  elements in-

clude the already existing daylight,  light bulbs, fluorescent

lamps as well as LED arrays, though only the latter can be

regulated in terms of lighting intensity and light color. The

metering is done by sensor nodes and includes the recording

of the light temperature of all light elements and the trans-

mission of the information to the Controller.  Optimization

calculations  are  being  done on the  Controller  in  order  to

create a base for the regulation of the LED arrays and con-

sequently the desired lighting constellation. 

Based on the trend of using the already existing daylight

more  efficiently and  thus  to economize  more  ecologically

and sustainably, [4] justify the so called connected lighting

as  an  essential  component  for  Smart  Cities.  The  transfer

from a traditional to an intelligent lighting was described. It

was pointed out that the intelligence of this transfer is due

to the interlinking  of the individual lighting elements and

thus  the  internal  communication.  The  substantial  advan-

tages of the intelligent lighting in contrast to the traditional

variant are remote monitoring, the technical components, a

smart  asset management as well as a constantly optimized

reduction of lighting energy in order to economize more en-

ergy-efficiently. The result is a reduction of the lighting in-

tensity  of lamps  on  much  frequented  roads  during  quiet

phases.  In  this  source,  the lighting  concept which  is con-

nected to the internet is referred to as “Energy-Internet.”

Smart lighting was used by [5] as a component to support

sustainability and to improve quality of life of the partici-

pating populations in the Smart City context. Thus, a light -

ing  system,  which  controls  the  street  lights  energy-effi-

ciently without  affecting  the  traffic situation  or  the  social

components of the area  in  a negative way, was presented.

Smart  lighting  aims  at  operating  adaptively  and  au-

tonomously. The system includes intelligent  controlling  of

street  lights,  which  is based on adaptive behavioral  rules.

The traffic situation  of the  concerned  area  was registered

via wireless sensor  networks.  This  strategy was evaluated

through an agent-based simulation. The result was a reduc-

tion of the spent lighting energy by 33%.

[6] investigated the realization of the light source adap-

tion.  Focus of the  investigation,  in  this  case,  was on  the

minimization of the energy consumption.  The lighting  in-

tensity was adapted via a regulation  – nominal  value and

real value of the lighting intensity are being compared con-

tinuously and in case of a discrepancy, the real value is be-

ing adjusted. The logic of rules is derived from fuzzy tech-

niques.

[7]  conducted  a  study in  which  various  strategies  for

adaptive lighting  were put  into practice,  the resulting  en-

ergy gain was then analyzed. The portfolio of these strate-

gies includes, among other things, aspects of adaptive light-

ing.  In  order  to realize an  adaption to the environment,  a

sensor-based variation of the lighting intensity takes place.

Further,  an  optimization  concerning  peak  phase  and  low

phase of the traffic to be handled takes place.  During  the

peak phase,  the lighting  intensity increases and  decreases

during the low phase. Moreover, the area, which is analyzed

in this study, has to be divided into zones and further  in-

spected separately. The results of this study showed a signif-

icant reduction of energy costs, partly due to the strategies

already introduced. 

Another concept, introduced by [8], addresses the energy

consumption of exterior lighting in cities. The concept in-

cludes a controlling system which, besides a minimized en-

ergy consumption,  requests a remote diagnosis.  That  way,

additional  maintenance  costs  are  expected  to  be avoided.

The applied strategies are orientated towards the effects of

the building  automation  on the building  efficiency, as de-

scribed in EN 15232 in more detail.

Ultimately,  an  immense  saving  of  energy  was  proved.

Concerning the minimization of the energy consumption of

the  used  lighting  components,  [9]  presented  a  method

which optimizes the lighting intensity through an iterative

method.  In  this context,  a specifically centralized lighting

control system was designed for this purpose.  [10] reached

a minimization of the illumination level through the main -

tenance of specifically defined nominal  value and a steady

minimization of the electrical energy. A cognitive approach

through  an  adequate  regulation  algorithm  was  taken,

whereby a non-linear characteristic of the illumination level

was taken into consideration. Later, this approach was eval-

uated experimentally through [11]. In the end, an immense

importance for a possible practical use could be proved.

[12]  introduces  a  completely  remote-controlled  street

light  island  as application  in  the Smart  City context.  The

architecture with its diverse hierarchical structures is being

described and the technologies used are being discussed in

Fig 1. This picture illustrates the schematic overview of the system design in
general. As consequence of the distance variability between receiver and

transmitter and the coherent variation of BLE signal strength the parameter
of the light behavior will be adapted. In this work we focused on intensity

and color as light parameters.
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detail. This includes mainly the controlling via Raspberry-

Pi and wireless transmission via ZigBee.

In  contrast  to  previous  approaches,  mainly  explaining

technical and to some extend economical concerns, [13] and

[14] analyze the psychological effect of the lighting system

on  elderly  people.  Especially  [13]  aim  at  improving  the

mood of elderly people via adaptive lighting  systems. Re-

quirements for a technical  system were defined, which de-

tects the mood of elderly people and thereupon adapts the

lighting in the room, aiming at activating the person by de-

signing a specific mood-model.

III. APROACH FOR SYSTEM DESIGN

Based  on  the  research  of previous  work  on  intelligent

lighting systems (Section 2), it becomes apparent that there

is  no  system for  personalized  position  measurement  with

coupled adaptation of lighting parameters in public spaces.

The system architecture described in this section addresses

this particular challenge. In principle, personalized distance

measurement is performed using the Bluetooth Low Energy

(BLE) standard [15]. A BLE transmitter is assigned to each

person. The distance measurement is carried out by assign-

ing  a  distance-dependent  signal  strength  to  the  BLE re-

ceiver. This signal is called Received Signal Strength Indi-

cator (RSSI). Starting from the incoming RSSI at the BLE

receiver,  the intensity and/or  color of the light  is adapted.

This general system structure is illustrated in Fig. 1 for bet-

ter understanding.

IV. IMPLEMENTATION

An Estimote Beacon is used as a personalized BLE trans-

mitter  [16].  The  receiver  is  realized  by a  Bluetooth  4.0

adapter [17], which is able to receive the BLE standard. The

transmission protocol is the so-called Eddystone protocol in

UID format  [18].  These received data  (distance  measure-

ment)  can then be further  processed in  a control unit  and

subsequently the adaptation  of the lamps can  be realized.

Specifically, the lamp is controlled by means of a  ZigBee

gateway, which can be addressed from the control unit via

REST. The Philipps Hue lamps [19] adapt their lighting pa-

rameters to the received control data of the ZigBee protocol.

The BLE receiver, the control unit and the ZigBee gateway

for lamp control are implemented on a Raspberry Pi. There

is also a MQTT client on top of it. This serves as a further

component for integration into a network and for monitor-

ing  purposes.  The  overall  architecture  with  its  individual

modules described above is shown schematically in Fig. 3.

The implementation from the hardware perspective is il-

lustrated  in  Fig.  2.  a)  contains  the  comfortable  Estimote

Beacon, which is used as a personalized BLE transmitter,

and  the  Raspberry  Pi  with  all  the  subsystems  described

above.  Furthermore,  b)  shows  the  prototypical  outfit  of

Philipps  Hue lamps  as  used  for  test  purposes.  In  public

space, these lamps and the Raspberry Pi are integrated into

a lamp body as shown in c) [20].

V. RESULTS AND DISCUSSION

The system design described in Section 3, which has been

discussed in more detail in Section 4 with regard to its tech-

nical implementation, is here subjected to an analysis of its

advantages and disadvantages.

The implemented prototype is easy to use in several ways.

On the one hand, the user does not need to operate the bea-

con (BLE transmitter) any further.  On the other hand,  the

Beacon can easily be carried along in everyday life. In addi-

tion to this ease of use, Beacons generally have a long bat-

tery life, which further enhances the usability. The hardware

required for the control (Raspberry Pi with subsystems) can

be easily integrated into the lamp carcass, which is intended

for later use in public spaces as illustrated in Fig. 2 c). Fur -

thermore,  a  certain  degree  of  flexibility  can  be observed

from a software point of view, since standardized protocols

and formats are used throughout (Section 4), so that  indi-

vidual subsystems are relatively easy to replace.

Furthermore, the quality of the BLE signal was examined

in detail. In this context, the RSSI was measured depending

on the distance between the transmitter  and  receiver.  The

measurements  were  carried  out  both  with  and  without  a

lamp body to determine the influence of the additional ob-

ject on the signal absorption. For each constellation 10 mea-

suring  points  were  recorded.  The  results  are  shown in  a

Box-Plot diagram in Fig. 4. Here, a relatively high variabil-

Fig 2. This illustration demonstrates the individual hardware components of
the adaptive lighting system. In a) the BLE transmitter and receiver are rep-
resented, in b) the prototypical lamp fitting and in c) the lamp body for pub-

lic space.

Fig 3. This picture demonstrates the architectural model of the adaptive
lighting system with submodules and their communication dependencies.
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ity of the measured values can be observed, which means

that  an  exact  distance measurement  is  not  necessary. The

causes of these fluctuations can have many different causes,

since BLE reacts sensitively to liquids, WLAN and metallic

bodies [21, 22, 23], but these cannot be prevented in public

space.  In  general,  a  signal  attenuation  through  the  lamp

body can  be determined  by the  measured  values.  In  both

cases (with and without body), however, it is possible to dif-

ferentiate  according  to  the  measured  values  of the  RSSI

whether  a  beacon is located inside  or  outside a  radius  of

about 5 meters around the receiver.

VI. CONCLUSION AND OUTLOOK

In  this  work,  a  novel  smart  urban  object  is  presented,

which  is realized  by a personalized adaptive lighting  sys-

tem. The focus is on the technological architecture. A con-

cept for an overall architecture and all subsystems involved

was presented,  which  were necessary for the implementa-

tion.  The  completed  prototype was  briefly  presented  and

evaluated according to various criteria.  In summary, it is a

personalized adaptive lighting  system that  provides a dis-

tance-dependent  variation  of the  intensity and/or  color  of

the  light,  whereby the  accuracy of the  distance  measure-

ments is limited to a differentiation between greater or less

than 5 meters. 

Due to this measurement disturbance, data-technical cor-

rections which increase the precision of measurement  will

be offered in  the future.  Also, this lighting  system will be

installed in a test site that ideally reflects the public space.

For  this  reason,  an  investigation  of the  psychological  as-

pects is necessary to what extent adaptive light  influences

the mood of the participating persons. Furthermore, the re-

alization of a complex network of adaptive lighting stations

is aimed at, so that entire areas of the public space can be

covered. In  addition,  the existing lighting  system must be

expanded to include several people or groups of people.
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