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ABSTRACT

Development and performance analysis of smart street lighting control system based using Led
lamp and Lora Wireless communication is presented in this paper. Smart street lamps have been
developed for over several years. These technologies have played an important role in urban safety,
energy conservation. Currently, traditional street lights are automatically turned on or off based on
timer or day/night sensor. LEDs are now the standard replacement for legacy lighting in most
cities around the world. At the same time, smart controls are becoming more mainstream and
are increasingly installed alongside LED deployments. Recently, the conventional light sources are
replaced by Led, which have so many advantages such as: energy savings, long lifetime, high relia-
bility, pure light color, fast response, and friendliness to the environment. Furthermore, the intensity
of the LED can be controlled easily. In this paper, the smart lighting system is designed to control
and monitor devices via wireless transmission frequencies below 1 GHz based on LoRa Network.
The system will include many types of devices connected to each other by a gateway. The transmit
distance is about 2km in the urban area and up to 5km in rural area. The proposed smart street
public lighting provides three modes: Automatic mode, Remote control mode, Connection dis-
connection mode, Manual direct operation mode. The smart lighting system has been built at Ho
Chi Minh City University of Technology to meet the standards for data transmission. Some experi-
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mental results are provided to validate the effectiveness of the proposed system.
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INTRODUCTION

Recently, the intelligent street lighting system inte-
grates smart technology and control capabilities is
used wide to move to smart city. The smart street
lighting provides remote lighting control that can bet-
ter adjust the amount of time the lamp is turned on
to minimize energy costs without reducing safety lev-
els. This system has played an important role in urban
safety, energy saving - efficient operation and main-
tenance. Smart lighting can also significantly reduce
maintenance costs and simplify asset management.
Smart street lighting system is capable of combining
with electrical system and other applications in smart
city'=°. Installing smart street lighting system for the
following basic benefits: reduce energy costs due to
better control of light usage, contextual lighting to en-
hance public safety at major events or in important
areas, data from street light sensors can reduce main-
tenance and asset management costs, create a founda-
tion for other smart city applications, providing com-
munication networks and power grid ®7.

Vietnam’s cities and provinces are pushing for
smart city program and combining technology with

internet-connected devices to enhance municipal
management and boost the economy. In order to cre-
ate a smart city, the connection of smart lighting as
the first step. These smart streetlights sense things like
pollution, temperature, humidity and traffic conges-
tion, all in an effort to help planners and commuters
make better decisions.

In Vietnam, the lighting systems have not been com-
pletely using LED technology, only a few projects have
been implementing the public lighting system using
LED such as Hanoi, Da Nang and Ho Chi Minh City.
Moreover, studies are limited in terms of monitoring
and control technology due to the point-to-point de-
ployment models, and only focus on saving power by
replacing HPS lamps by LED lights. When the tech-
nology connected the lighting, system has not been
paid attention. Some studies such as PowerEco of
Global Electrical Technology Joint Stock Company
offer solutions to control HPS/LED lighting systems
through GPRS connections in point-to-point form.
Other integrated solutions such as Rang Dong’s in-
telligent control lighting system use PLC technology
for buildings. Vlight company has built a centralized

Cite this article : Tung N T, Phong N H, Huy T L D, Huy N M, Tuyen N D, Phuong L M. Development and
performance analysis of intelligent street lighting for smart cities using LoRa Wan. Sci. Tech. Dev. J.

— Engineering and Technology; 2(3):193-206.

193



Science & Technology Development Journal - Engineering and Technology, 2(3):193-206

control system for the public lighting system in which
the central control software can control the cabinets
with GPRS wireless protocol. At each lamp, there is
an IDIM set used to control the lights, IDIM sets are
connected to radio control cabinets. Unconnected de-
vices like these have not yet made use of the same fea-
tures as systems that use multi-hop communication
technology. Built-in central control software helps
display data on a GIS map base to manage and con-
trol objects visually®.

In this paper, the smart street lighting system us-
ing LoORaWAN data transmission technology is in-
troduced. Its outstanding features: low power, long
range, anti-interference capability and spread spec-
trum are easily achieved by interoperability and de-
sign of security features. It provides seamless interop-
erability between smart devices without complicated
installation and provides the convenience for users,
developers and businesses, enabling the deployment
of Internet of Things*!'?. The proposed smart street
public lighting operates in four modes such as:

« Automatic mode, when connected to the center
is maintained: Control the light according to the
predetermined scenario specified by the control
center or time control and the sensor appears;

« Remote control mode: lighting control accord-
ing to the operator. In this mode, the manual
operator activates the necessary change, and es-
tablishes the job. For example, in an emergency
or during repair/maintenance work.

« Connection disconnection mode: Control light
according to time and sensor appears; When a
problem occurs, the device connecting the lights
will control itself according to the program and
script set up in the control unit.

o Manual direct operation mode: Light control at
the installation cabinet. Employees who switch
light by means of switches are installed in carry-
ing out necessary verification during repair and
maintenance of the facility.

In this paper, the possibilities of using LoRa technol-
ogy for smart street lighting. The contributions of this
paper are:

« Research, design and build a standard model In-
telligent public lighting system using LED in ac-
cordance with the conditions of HCMC trend of
modern lighting development.

« Design and build data transmission control sys-
tem and application monitoring in public light-
ing systems using LED lights
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« Design and build a software system to manage
and control public lighting systems using LED
lights

This paper is organized as following: the overview of
the smart street lighting system is presented in section
Introduce to smart street lighting system. The im-
plementation of the smart lighting is described in sec-
tion Proposed smart street lighting control system
and the implementation method. In order to verify
the system, the field test results and some discussions
are provided in section The experimental results and
discussion. Lasted, some conclusions are presented
in last section.

INTRODUCE TO SMART STREET
LIGHTING SYSTEM

Smart street lighting system

The overall smart lighting system is shown in Fig-
ure 1. On the left side of this figure, we can see the
street lights collect all information via sensor and send
it to the server by using wire/wireless network. The
user can use the smart devices or PC to connect to
the sever by using management system. The smart
street lighting system uses modern data transfer tech-
nologies that allow connectivity, real-time analysis,
reporting and other functions such as geolocation. As
mentioned before, as shown in Figure 1 shows the ba-
sic component of a smart lighting system, there are
seven parts:

« Sensors are integrated in each street light to pro-
vide light control.

o Terminals transmit data from sensors connect-
ing street lights to Gateways.

« Gateways collect data from all nearby street Led
light.

o Sensors for smart city applications can connect
to the same port.

« Gateways will send information to Cloud where
the data is analyzed by a Server.

« Server: to controls light

o The server sends maintenance alerts for the
lights and other issues.

Smart public lighting system has been developed for
more than seven years. Most smart public lighting
systems use technologies (PLC), ZigBee, SigFox and
LoRa and NB-IoT. PLC, ZigBee, SigFox and LoRa
technologies all require network construction and
maintenance on the client side, especially NB-IoT
technology uses the existing network in the network
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Figure 1: Smart lighting system.

of general network operators when deploying 5G net-
work and NB-IoT.

The development of communication technologies LP-
WAN has great success. From the point of view of
licensing the frequency spectrum, the technology of
the Internet of things can be divided into such com-
ponents: working in the allowed and unresolved spec-
trum. The first category is represented by Lora, Sig-
fox, etc. Most of them are non-standard. The second
is already known to all cellular communication tech-
nologies 2G/3G (such as GSM, CDMA, WCDMA and
others), LTE technology that supports different types
of terminals. The standards for these communication
technologies working in the permitted spectrum are
developed by international standards organizations.
For example, 3GPP (GSM, WCDMA, LTE and oth-
ers), as well as 3GPP2 (CDMA, etc).

There are some commercial solutions for street smart
lighting such as: the CityTouch software of Philips,
Owlet IoT City Management System of Schréder or
Street Light Control (SLC) of Osram '!'~!3, These so-
lutions have some advantages such as:

CityTouch software '’

« Support decision making by being able to man-
age luminaires, measure power consumption,

monitor system status, ...

« Future capabilities: This is an open system that
can support future sensors, cameras, or other

ToT smart devices.

« Easy upgrade and expansion: can be applied to

existing and newly invested lighting systems.

o Save energy and reduce operating costs: It is
possible to reduce light on areas, roads or even
individual luminaires leading to energy effi-

ciency.

Owlet loT City Management System 2

« Strengthening security and order: the system is
reliable and highly customizable; under all con-

ditions always ensure enough light.

o Increased flexibility of lighting: allows users to
control and monitor each luminaire or group of

luminaires depending on the actual situation.

« Deploy quickly and easily: Owlet IoT lamp con-
troller has Plug and Play function, so it only
needs to plug and play.
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Street Light Control '3

« Intelligent hybrid architecture: there is a combi-
nation of taking advantage of both forms: con-
trol from Owlet virtual server and control from
actual field sensors.

« Compatible with a variety of sensors.

« Locate luminaire coordinates quickly: due to the
built-in GPS module in the Owlet IoT lamp con-
troller, luminaire coordinates are automatically
determined quickly, accurately, saving costs, ef-
fort in drawing map.

However, these companies’ sale the smart lamps
which are compatible with the software. Furthermore,
the price of these solutions is very high and it is diffi-
cult to apply in Ho Chi Minh city due to security rea-
son.

Introduction to LORA WAN

The LoRa (Long Range) spread spectrum is a patented
modulation developed by Semtech based on the chirp
spread spectrum (CSS) modulation. LoRa provides
long range and low-power consumption, a low data
rate, and secure data transmission. LoRa can be used
with public, private, or hybrid networks to achieve
a greater range than cellular networks. LoRa tech-
nology can easily integrate with existing networks
and enables low-cost, battery-operated Internet of
Things (IoT) applications. LoRa uses license-free sub-
gigahertz radio frequency bands like 169 MHz, 433
MHz, 868 MHz (Europe) and 915 MHz (North Amer-
ica). LoRa enables long-range transmissions (more
than 10 km in rural areas) with low power consump-
tion. The technology is presented in two parts: LoRa,
the physical layer and LoRaWAN (Long Range Wide
Area Network), the upper layers. The advantages of
LoRa WAN include:

« Low supported sensors and wide coverage are
measured in kilometers.

o Operating on free frequencies (without li-
censes), there are no prepaid licensing costs to
use the technology.

« Low power means long battery life for devices.
Sensor batteries can last for 2-5 years (Type A
and Type B)

« LoRa Single Gate Device is designed to handle
thousands of devices or end buttons.

« It is very easy to deploy due to its simple archi-
tecture

o It is widely used for M2M / IoT applications.

o Better payload size (100 bytes), compared to Sig-
Fox is 12 bytes
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o Open: an open alliance and an open standard.
Open technology compared to competitors Sig-
Fox.

« Do not limit the maximum number of messages
daily (compared to SigFox limit 140 / day)

« LoRaWAN has the benefit of being an alliance
with an open approach instead of an exclusive
method (SigFox).

« Long range allows solutions like smart city ap-
plication.

o Low bandwidth makes it ideal for real IoT de-
ployment with less data and / or with intermit-
tent data transfer.

« Low connection cost (er).

» Wireless deployment, easy to install and fast.

o Security: a security layer for the network and a
layer for applications with AES encryption.

« Full bi-directional communication.

« Supported by CISCO, IBM and other 500 mem-
ber companies of the LoRa Alliance.

Operation principle of LoRa Wan

The system includes a central server, Lora technol-
ogy gateways (ports or hubs) and terminals (points or
nodes). Packets come from endpoints to ports, then
to the next chain link, central server, then they reach
the application server and then point to the user. The
sensors are located remotely, automatically and oper-
ate on batteries (wireless temperature sensors, ambi-
ent light sensors, monitoring of electrical network pa-
rameters, security and other types). The application
server can remotely control the end device and receive
necessary information from them.

LoRaWAN has a two-star (star of stars) link structure.
Each endpoint cannot be attached to a specific station.
Data is received by several centers at the same time,
each center will be sent to the central server by tra-
ditional technologies (mobile/satellite, Ethernet, Wi-
Fi) via TCP/IP. The central server processes data, ad-
justs its speed, performs security checks and sched-
ules confirmation of receipt via the optimal port. An
important feature of Lora’s Gateway technologies is
the ability to simultaneously receive data at different
speeds on the same channel. If the sensor is placed
near the gate, there is no need to reduce the trans-
mission rate, otherwise it will lose the channel longer
than usual. Speeding helps reduce broadcast time and
allows other nodes to transmit information, so this
adaptive change in speed allows you to optimize the
battery life of the last button.
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Hubs can be installed inside buildings, on rooftops or
towers. The protocol provides for bidirectional trans-
mission, but mostly it is done from sensors to ports.
The device is based on asynchronous transmission:
the end devices are turned on only when they have
something to play, the rest of them are in sleep mode.

PROPOSED SMART STREET
LIGHTING CONTROL SYSTEM AND
THE IMPLEMENTATION METHOD

The smart street lighting system using LoORaWAN data
transmission technology - is a low-power radio fre-
quency wireless transmission technology, bringing
the concept of Internet of Things closer to large scale
in terms of possibilities technical and cost-effective.
Its outstanding features: low power, long range, anti-
interference capability and spread spectrum are eas-
ily achieved by interoperability and design of secu-
rity features. It provides seamless interoperability be-
tween smart devices without complicated installation
and provides the convenience for users, developers
and businesses, enabling the deployment of Internet
of Things.

The proposed smart lighting is presented in Figure 2.
There are three stages with different function.

Stage I: Led lamp, Led driver and RF node as shown in
Figure 3. The function of Led driver is to control the
illumination of the Led lamp. The power of Led driver
is from 100W to 250W and it is can be dimmed. The
function of RF node to transmit data.

In this paper, we used the LED driver which are inte-
grated the smart control. The proposed LED driver is
shown in Figure 4, which are two stage: AC/DC with
PFC stage and DC/DC LLC resonant stage. The out-
put current of this driver can be controlled based on
control the second stage. Therefore, the luminaire of
the LED can be adjusted. The nominal power of LED
driver from 70W to 250W.

Stage II: Gateway as shown in Figure 5. The function
of gateway is to measure and monitor the electrical
parameter, lighting status, fault detection or remote
management.

Stage III: Control center and data management as
shown in Figure 6: the main parts of this stage are in-
cluding server system, central management software.
Remote management software collects and stores data
securely and enables real-time communication with
the entire system via a web interface with the follow-
ing functions: store parameters and provide data; pro-
vide a user-friendly interface for operating personnel;
control the status and lighting control system; anal-
ysis of accumulated data; make sure to create report

documents; central control and management system;
setting opacity via web interface; programming calen-
dar dimming control from software; maintenance and
alarm of system status.

The proposed smart lighting system is designed to
control and monitor devices via wireless transmission
frequencies below 1 GHz. The system will include
many types of devices connected to each other by a
gateway. The transmit distance is about 2km in the
urban area and up to 5km in rural area. There are 2
main types of devices in the system including:
Controllable nodes: These nodes include controllable
luminaires and electric cabinets. These devices can
perform monitoring and remote control through the
system administrator’s web service

Monitoring nodes: Includes environmental sensors
and power meters that update the system’s real-time
parameters to the control center. These sensors work
to provide input parameters to perform automated
control tasks

The luminaires can perform control through control
schemes:

Mode 1: User control

The users with administrative rights can control the
group of lights manually by drag the sliders and push
the buttons to turn on, off or dim the group of lights
Mode 2: Timing control

The users with administrative rights can set the value
of ON Time, On power, Timing 1, power 1, timing 2,
power 2 to timing 5 power 5 and OFF time for each
group of light. After setting and saving the timing ta-
ble, the group of lights will automatically do the ac-
tions as programmed.

Mode 3: Auto control

The users with administrative rights can set the value
of ON time, On power and off time for each group of
lights

The user can active the “light sensors” function: When
activing, the light can measure the light intensity to
automatically change the value of ON time and OFF
time to +- 3 hours depending on the season

The user can active the “local sensor auto dimming”
function: The user will set the Timing and Power for
the local sensor to take action. When this function is
active, the individual light in the group can automatic
control themselves by reading the value of the sensor
then dim the light. The sensor will be use is motion
sensor with an example bellow

On time: 7pm

Power on: 90%

Off time: 6am

Local sensor auto dimming time: 0h00
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Science & Technology Development Journal - Engineering and Technology, 2(3):193-206

High Power Resonant
Power factor controller Half Bridge
EMI Filter / Rectifier OR1

24-
120VDC

Figure 4: LED driver used in experimental setup.
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Figure 6: Control Center Software.

Power dimming: 70%

In this case, the group of lights will be turned on at
7pm with the power equal to 90% rated power. The
motion sensors were deactivated

At 0h0O the group of light will active the motion sen-
sors.

If there is a person below the light, the motion sensor
is active and the light works at 90% rated power. If
there is no person, the light will decrease the power to
70% rated power.

At 6h00 next day. The group of lights off.

The local sensor and the light will work indepen-
dently, that means after setting up this mode, the web
and server need not take any actions until next com-
mand (turn of the light).

A remote-control streetlight includes a wireless con-
troller and a controllable led driver connected to each
other via a smart control bus. The current and volt-
age at the input of the lamp are monitored by the con-
troller while the load side output is controlled by in-
ternal MCU. These parameters were transmitted to
the server via the remote gateway and data was syn-
chronized in time thanks to the internal RTC inside
the wireless controller. The smart control APIs on
RS485 link were introduced to keep connect and con-
trol the led driver. At the same time, the driver is also
capable of being controlled by da-li and analog in case
of use with other controllers on the market.

THE EXPERIMENTAL RESULTS AND
DISCUSSION

In order to verify the proposed system, we have built
the smart lighting system in Hochiminh City Univer-
sity at shown in Figure 7. The lighting system struc-
ture is shown in Figure 8. In Led lamp, there are
some control sets for on, off, dim and on, off, dim
according to RTC. When the user controls the Led,
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the command comes down from the Web application
- from the Web service from there to Gateway - Gate-
way sends the command down to the LoRaWan Mod-
ule - and the module sends the command to the LED
control set to execute the command. This process
is a two-way process when the user sends the com-
mand down, the command must run back to get the
response. Data from the LED control will switch to
LoRaWan Module and Gateway to send to Cloud, net-
work protocol is TCP. Each LoRaWan module has a
unique MACID, so that Gateway can identify the data
from which node is sent.

LoRa has two important parameters to assess the
quality of the network when receiving the packet,
which is RSSI- receiving signal strength indicator-
indicating the signal strength received measured in
dBm; is defined in the IEEE 802.11 standard. The
greater the RSSI value, the greater the signal strength
and SNR - signal-to-noise ratio (SNR) measured in
dB. The quality of Lorawan network is determined by
ARF8123AA handheld test and measurement device
and is performed by moving the measuring device far-
ther away than the Gateway, the results show that: at
a distance of 4370 m RSSI value reached (-109dBm).
According to experiment, in the range of RSSI (0;-
137) dBm, all data can be fully transmitted in both
directions. Figure 9 shows the experimental results
when we measure the quality of data transmission. It
can be seen that the proposed system can be worked
at 5 km radius region.

The software allows the distribution of system usage
rights to users, with 3 classes: User, Admin and Super
User. When clicking on a user, it will switch to a page
with detailed information. The software allows users
to manage the system: how many users and how many
users are using an account. When we login to the sys-
tem, we can see all the Led lamp in the map as shown
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Figure 7: The installation of smart lighting system in HCMUT.
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Figure 10: Led lamp location in the map.

in Figure 10. In this test, these lamps are divvied into
three groups as shown in Figure 11 and the number
of lamps in each group are shown.

Figure 12and Figure 13 shown the management
function of this software. It can be seen that all
data such as: dimming, input voltage, output current,
power consumption, ... are shown in the screen. Fig-
ure 14 shows the status of each Led lamp, we can rec-

ognize the on/off status, and how much dimming.

CONCLUSION

The implementation of smart street lighting which is
applied in Hochiminh City University is presented in
this paper. LoRa Technology allows real-time analyt-
ics, sensing, reduced energy costs, and connectivity to
the Cloud, all while continuing to keep citizens safe.
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And the Lora Wan techniques is used in this project.
First, a LoRa-enabled sensor is embedded in a street
lamp. Hence, these sensors have the ability to con-
trol the lamp’s functions. A demonstration with 33
Led lamps (three groups) shows the effectiveness of
the presented system.
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Phat trién va thuc thi hé théng chiéu sang duéng phé théng minh
trén co sé cong nghé LoRa
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Lé Minh Phuong®

EIﬁI”"WiEI
S TOM TAT , , ,
[OpLE 1 Bai bao nay trinh bay su thuc thi hé thong chiéu sang thong minh duya trén déen Led va hé thong

truyén khong day LoRa. Cac dén dudng thédng minh da dugc phat trién gan day va cac cong nghé
nay da dong mot vai tro quan trong trong an toan doé thi, tiét kiém nang lugng. Hién tai, den ducng
sé tu dong bat, tat dua trén bo hen gio hodc cam bién ngay dém. Trong bai bdo nay, hé théng chiéu
séng thong minh dugc dé xust dé thay thé hé théng chiéu sang c dé diéu khién va giam sat cac
thiét bj thdng qua hé thong truyén khong day vai tan sé dudi 1 GHz. Dén Led hién dang dugc thay
thé cho céc dén truyén théng va céc diéu khién théng minh ngay cang duagc sit dung nhiéu hon
va phét trién song song vdi su phat trién clia dén Led. Dén Led c6 rat nhiéu uu diém nhu: tiét kiém
nang lugng, tudi tho cao, dé tin cdy cao, anh sang trung thuc, va than thién moi trudng. Hon nia,
viéc diéu khién d6 sang ctia den Led cling dé dang hon so vdi cac dén khac. Hé théng chiéu sang
théng minh trong bai bdo dugc xay dung dua vao nhiéu thiét bj dugc két néi véi nhau thong qua
thiét bi Gateway. Khodng céach truyén di liéu khoang 2 km & khu vuc thanh thi va 5 km & khu vuc
nong thon. Hé théng chiéu sang dé xudt trong bai bdo cé cac tinh ndng hoat dong nhu: ché do
tu dong, ché do diéu khién tir xa, ché do ngat két ndi ludi, ché dd van hanh truc ti€p bang tay. Hé
théng chiéu sang nay da dugc thuc hién tai Trudng Pai hoc Bach khoa, PHQG-HCM va cac két qua
thuc nghiém dugc do dac dé ching minh tinh kha thi ctia gidi phap dé xuét.
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