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ABSTRACT

In this paper, we propose the design of LED Streetlight Platform with capabilities of weather monitoring and
color temperature control. Several previous works are focused on the energy efficiency or data management of
streetlight system, but no work has been done on the lighting performance, especially when natural phenomenon
such as fog or haze appears on the street and obstructs the visibility of drivers and pedestrians. To solve such
issue, we propose the use of two LED lamps with different correlated color temperature, which will be activated
interchangeably according to the condition on the street. We also present the design of communication scheme
between each devices in the system. Moreover, our experimental results show the LED Streetlight Platform can

perform well and the data can be displayed properly at the website.
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I. Introduction

Nowadays, the pace of global urbanization
induces advances in digital technologies, intelligent
design of cities, and also smart streetlights.
According to United Nations on Housing and
Sustainable Urban Development, in the 21st century,
the design of urban planning should focus, among
other things, on well-planned and quality streetlight
system to benefit local economy, culture,
connectivity, creativity, and future progresses.”! For
these reasons, many cities capitalize in different
smart city applications, including the smart
streetlight system. Streetlight is a crucial part of an
urban infrastructure, with main function is to
provide smooth traffic flow, promotion of business
and availability of public facilities during night time,
mitigation of night accidents, and enhanced sense of
personal security.m

The prime concern of streetlight system should be
able to illuminate the target area of roadways.
Light-emitting diode (LED) based streetlight
technology has substantial benefits as compared to
incumbent streetlight technologies such as high and
low pressure sodium lamp in terms of energy
efficiency and optical luminaire.”’ Besides, LED
streetlight provides numerous advantages over the
conventional technologies, namely, uniformity of
illumination levels via arrays of many LED chips,
visibility of the streetlight through Correlated Color
Temperature (CCD), visual performance
improvement by virtue of high color rendering
index.” For this reason, LED technology has shown
incredible promise both in indoor and outdoor
lighting systems. Moreover, the advancement in an
integrated LED streetlight technology has paved a
way of transforming the conventional streetlight
system into LED based streetlight system.

As LED based streetlight application is relatively
new, it is still an open area research including in the
LED electronics part, remote monitoring of
streetlight through different Wireless Sensor
Networks (WSNs), and CCT of LED streetlight.
Although much has been said in many literatures
about LED streetlight monitoring as well as LED’s

lumens energy efficiency, only few papers describe
about CCT and weather monitoring based design of
streetlight system. Until now, most of streetlights
use only fixed CCT, for example, around 5000 K,
which has white color and high brightness.
According to the theory of electromagnetic radiation,
if the CCT is lowered, the wavelength of light will
be changed from short to long wavelength. This will
make the penetration rate of light and visibility
improved. A study in [4] shows improvement of
visibility on foggy street around 4 % when the CCT
of streetlights is changed from 5000 K to 3000 K.
This method can help decrease the probability of
street accident happening on a foggy day, like the
106 vehicles chain collision accident on Yeongjong
Bridge, South Korea in February 2015 [5], as shown

in Fig. 1
The main contributions of this paper are as
follows.
1) Custom design of LED Streetlight Platform is
proposed.

2) Comparative study with previous and related

works is reviewed.

3) Design of network and communication

protocol between devices is discussed.

4) Experimental results are presented and

explained.

To sum up, the rest of the paper is organized as
follows. In Section 2, we discuss related and
existing works. Then in Section 3, we thoroughly
discuss the design of network and communication

protocol, including the network diagram and the

Fig. 1. Accident on Yeongjong Bridge in February 2015.
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details of communication between Streetlight Server,
Streetlight Coordinator, and Streetlight Router.
Implementation of LED Streetlight Platform is
described in Section 4. The experimental results and
discussion are presented in Section 5. Lastly, we
conclude our paper in Section 6.

II. Literature Review

In this section, we present the existing and related
works on LED based streetlight systems and
WSNs  are

more advantageous than any other communication

associated communication protocols.

networks for remote LED streetlight monitoring."”
The design of remote streetlight monitoring using

WSNs is considered in.”

In this work, central
control unit is used to monitor streetlight system,
display topology and location maps, and send
control messages to remote units, thereby gathering
information of each streetlight. The sensor node in
this work is used to turn the streetlight on and off,
and also for dimming functionality according to the
received messages from the remote unit.

Although different WSNs have been used for
remote LED streetlight control applications, ZigBee
is one of the potential candidates. ZigBee network
has been used for LED streetlight control system,
including different frameworks and network node
deploying ability. Authors in [8] and [9] proposed
smart streetlight system which is based on turning
the streetlights on or off whenever motion is
detected or not under specific area. They considered
power adjustable LED lamps, motion and brightness
sensors as well as ZigBee based wireless
communication modules. In [10] and [11], the
authors proposed LED streetlight remote control
system which is implemented through a network of
sensors to gather information relevant to the
management, and transmit the information via
ZigBee network. Other works in [12] and [13] show
that the use of ZigBee network for communication
can mitigate energy consumption of streetlight.

Other works such as [14] proposes a platform
design with CCT control based on weather

condition. The design is similar with our proposed
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design, but there is no explanation about remote
interface for administrator to control the streetlight.
In [15] and [16], the authors show how to control
the CCT of streetlight by reading the weather
condition from weather application programming
interface, but the streetlights do not give any local
weather data to server. More thorough work is
shown in [17], where the request and reply
communication is implemented. The use of website
and smartphone application are used to display the
status of the streetlights.

II. Design of Network and Communication
Protocol

3.1. Network Diagram

The proposed network diagram is shown in Fig.
2. It consists of Streetlight Server, Streetlight
Coordinator, and Streetlight Router. Streetlight
Server is built to acquire and log the data from
sensors that attached to every streetlight for
monitoring purpose and to provide control interface
to each streetlight. In one street or area, several
streetlights will be installed, with one streetlight
assigned as a Streetlight Coordinator and the others
as Streetlight Routers. Streetlight Coordinator acts as
a streetlight, a coordinator of streetlight network and
a gateway to Streetlight Server. Streetlight Router is
the other type of streetlight that can forward data to
and from other streetlights.

Streetlight Server and Streetlight Coordinator are
connected through Wideband Code Division
Multiple Access (WCDMA) based Third Generation
(3G) network. The data are transmitted using

Transmission Control Protocol/Internet Protocol

o | C ))J

Stretight Server
Internet

Gnetwork  ZgBeenetwork  Strestight  Strsetight
Coordinator  Router

Fig. 2. Network diagram of proposed streetlight system.
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(TCP/IP). Streetlight Server can transmit data to any
streetlight, with the Streetlight Coordinator acting as
a gateway to other streetlights. The communication
between every streetlight happens over ZigBee
network. All streetlights are connected in tree
topology. When one streetlight wants to send data to
Streetlight Server, it needs to send to Streetlight
Coordinator, so that the Streetlight Coordinator can

relay it to Streetlight Server.

3.2 Communication Protocol

When the streetlight system is running, every
streetlight will send a periodic packet to Streetlight
Server at fixed time intervals. The structure of the
periodic packet is shown in Fig. 3. Streetlight Server
will then receive, log, and display it on web
interface for administrator.

The administrator can issue a data request or
control request at any time to any streetlight from
the web interface that connected to Streetlight
Server. Data request is a request for specific sensor
data. There are three types of sensor data that can
be requested: 1) temperature and relative humidity
data, 2) voltage and current data, and 3) particle

concentration data. The structures of each data

1byte | 2bytes | 6bytes | 5 bytes| 5 bytes | 4bytes | 5Sbytes| 4 bytes | 4 bytes | 1byte | 2 bytes

SB|SID| T |RH |3V | 31 |5V | 51 | PC | EB [EOL

SB  Start Byte

SID  Streetlight Identity

T Temperature (°C)

RH Relative Humidity (%)
3V 3000 K LED Voltage (V)
31 3000 K LED Current (A)
5V 5000 K LED Voltage (V)
51 5000 K LED Current (A)
PC  Particle Concentration (ug/m’)
EB  End Byte

EOL End of Line

Fig. 3. Structure of periodic data from each streetlight.

1byte | 2 bytes| 1byte | 1byte | 1byte | 1byte
SB [SID | " 'T | '"H' | EB (a)

| byte | 2 bytes | 1 byte | 1 byte | 1 byte | 1 byte
SB | SID | " A% P EB (b)

1 byte | 2bytes | 1byte | 1byte | 1 byte
SB |SID| ' | 'D' | EB (©

* <2 > ASCII character

Fig. 4. Structure of data request packet for (a)
temperature and relative humidity data, (b) voltage and
current data, and (c) particle concentration data.

request packet are shown in Fig. 4. Control request
is a request to control an LED lamp. There are also
three types of control that can be requested: 1)
turning LED lamp on, 2) turning LED lamp off, and
3) dimming LED lamp. The structures of each
control request packet are shown in Fig. 5

When the request packet from Streetlight Server
reaches Streetlight Coordinator, the Streetlight
Coordinator will check the streetlight identity inside
the packet. If the packet contains the identity of
Streetlight Coordinator, Streetlight Coordinator will
process the request and directly reply to Streetlight
Server. If not, Streetlight Coordinator will forward
request packet to the targeted Streetlight Router. The
targeted Streetlight Router will receive, process, and
reply the request. The reply will be sent to
Streetlight Coordinator, and Streetlight Coordinator
will forward it to Streetlight Server. The structures
of reply packet for each data request are shown in
Fig. 6.

1byte | 2bytes | Ibyte | 1byte | 1byte | 1byte | 1byte | 1 byte
SB | SID | "' 'O | 'N' | LO| 'K' | EB (a)

I byte [2bytes| Ibyte | 1 byte | 1byte | 1byte [ I byte [ I byte [ I byte
SB | SID | "' 'O | 'F* | ' | LO | 'K' | EB (b)

Ibyte [2bytes| Ibyte | 1byte | 1byte | 1byte [ 1 byte [ I byte | 1byte
SB [ SID | ' D | T |'M|LO| 'K | EB ©

LO LED Option (*3’ for 3000 K or *5” for 5000 K)

Fig. b. Structure of control request packet for (a) turning
LED lamp on, (b) turning LED lamp off, and (c) dimming
LED lamp.

1 byte | 2 bytes| 6 byte | 5byte | 1 byte | 2bytes
SB|SID| T RH | EB |EOL (a)

1 byte | 2bytes | 5bytes | 4 bytes | 5 bytes | 4 bytes | 1 byte | 2 bytes
SB |[SID |3V | 31 | 5V | 5I | EB |EOL (b)

1 byte | 2 bytes | 4 bytes| 1 byte | 2 bytes
SB | SID | PC | EB |EOL (c)

* <* > ASCII character

Fig. 6. Structure of reply packet for (a) temperature and
relative humidity data request, (b) voltage and current data
request, and (c) particle concentration data request.

IV. Design of LED Streetlight Platform

We set several features that will be equipped to
each LED streetlight. We use two kinds of LED
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lamps with different correlated color temperature
(CCT), 3000 K LED lamp and 5000 K LED lamp,
that will be used interchangeably according to the
condition of the street. It is also able to sense the
temperature, relative  humidity, and particle
concentration in the air around the streetlight. The
voltage and current of each LED lamp can also be
monitored. Each streetlight is also equipped with a
ZigBee module to communicate with each other.
Lastly, a 3G module is connected only to the
Streetlight Coordinator to communicate with the
Streetlight Server. The hardware block diagram of
LED Streetlight Platform and the printed circuit
board is shown in Fig. 7

The platform is driven by ATMega2560, a low
power 8-bit microcontroller (MCU) with reduced
instruction set computing (RISC) architecture with
speed of 16 MHz at voltage range of 4.5 V to 5.5
V.[18] This MCU supports high endurance
non-volatile memory segments which consist of 256
KB flash memory, 4 KB electrically erasable
programmable read-only memory (EEPROM), and 8
KB static random-access memory (SRAM). It is
capable of working in industrial temperature range
(-40°C to 85°C), making it durable to operate in all
seasons. Other utilized peripheral features from this
MCU are 86 programmable I/O lines, two 8-bit
timers/counters, 16-channel 10-bit analog-to-digital
converter (ADC), four programmable serial universal
synchronous/asynchronous receiver/transmitter
(USART) interfaces, and 2-wire interface (TWI).

The LED Streetlight will be powered by 12 V of
direct current. It will be first converted to 5 V and

Power Supply Module

33V

Supply 36

ZigBee
Module

Module
—t Tu,un

VAR 1
Temperature and

or W l i 4}
LED Switching
12 Module

t —] [ 3000 K
" LED
b | v ARTp| MCU r

Concentration Sensor

I 5000 K
s Analogegp) LED
Voltage and Current |
Sensor

Module

I
|
i
I
} LED Dimming
I
I
i

e data line

Fig. 7. Block diagram of LED Streetlight Platform.
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300K R17272A
VIN 800T

Fig. 8. Schematic diagram of power supply module.

then again to 3 V. The schematic diagram of power
supply module is shown in Fig. 8. The first
conversion is done by a 500 kHz synchronous
step-down converter RT7272A. The second
conversion is done by LM1117-3.3 to convert 5 V
to 3.3 V. The supporting components value are
suggested in [19] and [20].

Three sensor modules are installed on LED
Streetlight Platform. The first sensor module is
SHT71, a temperature and relative humidity sensor
with temperature measurement accuracy of +0.4 °C
and relative humidity measurement accuracy of +3.0
%.*1 Both measurements can be read from the
Sensirion proprietary 2-wire interface pins. The
second sensor module is for voltage and current
measurement of LED lamps. It measures the voltage
and current consumption of LED lamps when they
are activated. The measurement results are outputted
in analog form. The schematic diagram of voltage
and current sensor module is shown in Fig. 9. The

third sensor module is PM1001, a dust sensor

Proto Type Ver5

LED Driver
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LED+

Fig. 9. Schematic diagram of voltage and current sensor
module.

module that can detects particles less than or equal
to 10 ym in diameter (PM10). The measurement
output can be read from its universal asynchronous
receiver/ transmitter (UART) interface, which is
compatible with USART interface of ATMega2560.

The LED switching module consists of three main
components: bipolar transistor 2N2222, optocoupler
FODS817, and switch-mode power supply (SMPS)
metal-oxide-semiconductor  field-effect transistor
(MOSFET) IRFS31N20, as shown in Fig. 10. The
switching module is designed as active-low module.
The bipolar transistor acts as a switch for the LED

+3.3V +12v

LED+ [ o

FODB17

CTL_3K

3.3 +3.3V +12v

RFS31N20

CTL_5K

LED-

Fig. 10. Schematic diagram of LED switching module.

inside the optocoupler. The optocoupler acts as a
switch for the SMPS MOSFET and also as an
insulator  between  high-voltage circuit and
low-voltage circuit. The SMPS MOSFET acts as a
switch between LED lamps and power source.

The LED dimming module is controlled by a
64-position digital potentiometer ADS5258. It has
inter-integrated circuit (I2C) interface, which is
compatible with Atmel TWI. The schematic diagram
is shown in Fig. 11. The dimming can be done
automatically by the streetlight or controlled by
administrator.

For all streetlights, a ZigBee module XBee S2 is
equipped to communicate between each streetlight.
For Streetlight Coordinator, a 3G module is
equipped to communicate with Streetlight Server.
Both ZigBee and 3G module communicate with
MCU over UART interface. These necessities are
supported by the MCU that has multiple USART
interface integrated in one chip.

€23
0.1uF

+3.3v < u7
AD5258
8
R45 voo A0 LED_DIM+
61vLoGic
VR_SCL SlscL
VRZSDA i 415DA wH
2
ADO R40
€3] Aot 10 LED_ DIM—
BE—w\— [ > LED
|| ——Z{eND

Fig. 11. Schematic diagram of LED dimming module.

V. Experimental Results and Discussion

To assess the quality of communication between
streetlights, we perform several experimental
measurements. Firstly, we do range test between two
ZigBee devices. According to Y, the
communication range can reach up to 60 m. This
specification fits our implementation because the
streetlights will be installed along the street with
distance interval of 30 m or less. The result of range
test is shown in Fig. 12. In this experiment we use
XTU configuration and test utility software to
measure the effective distance between two

consecutive ZigBee devices. Accordingly, the test
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Rssi [dBm]

Success (%]

o5 [ S Remote st [

o

Local: ~70 dBm  Remote: 2670 deml| o

Teerrors 0
Packets received

Packetslost: 0

Fig. 12. Outdoor range test result between two ZigBee
devices with 50 m distance.

result shows all packets are successfully transmitted
between the transmitter and receiver devices.
Therefore, it shows that ZigBee devices still can
communicate well with distance of 50 m with the
received signal strength indicator (RSSI) between
the transmitter and receiver being -70 dBm and -60
dBm respectively.

We also measure the throughput between two
ZigBee devices when they are sending data back
and forward. According to [22], the throughput can
reach up to 35 kbps. The result of measurement is
shown in Fig. 13. It shows that the instantaneous
throughput equals to 6.6 kbps and the average
throughput equals to 6.48 kbps, which are less than
the specification, but still can provide a good quality
communication, because the streetlights will not
transmit continuously, and also the biggest payload
of transmission is relatively small (39 total bytes for
periodic data as shown in Fig. 3).

The measurement data of sensors on each
streetlight are sent to Streetlight Server and the
results can be seen by accessing the website as
administrator. We install six streetlights along

Daehak Street, in front of Kumoh National Institute

Throughput

bt A

00 10460 0470 10430 104800 1048 104900 10493 10500 105030
B Benster atio Il A Avg. transfer ratio

Instant transfer ratio: 6.6 Kbps
Average transfer ratio: 6.41 Kbps

Fig. 13. Throughput measurement result between two
ZigBee devices.
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Tl Leoave

Fig. 14. Display of streetlight properties using website
interface.

of Technology, as shown in Fig. 14. The Streetlight
Server can receive the data without problem and the
website can provide interactive and clear display to

administrator.

VI. Conclusion

Several streetlight implementation has been done
to tackle issues such as energy usage and data
management, but only few discuss about the lighting
performance. This paper has proposed an LED
Streetlight Platform to provide good visibility by
road illumination in clear weather and in fog or haze
situation. We present and explain in detail about the
communication protocol and the hardware design of
the platform. The experimental results show that our
proposed platform can work properly and the
Streetlight Server can display the streetlight status
with our proposed network design. As a future
recommendation, much work can still be done on
the efficacy of LEDs to allow dynamic adjustment
of CCT based on weather and other physical

parameters.
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