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ABSTRACT

According to recent research, the wireless sensor networks which consume low levels of energy be-
come more and more popular nowadays, so the research trend of optimizing energy for wireless
sensor networks is rapidly increasing. LoRa”™ technology is a modulation technique that provides
long-range transfer of information and low power consumes. Besides, LoRaWAN”™ is a network
protocol that is optimized for battery-powered end devices. The LoRa”™ and LoRaWAN"M can be
considered a suitable candidate for wireless sensor networks, which can reduce power consump-
tion and extend the communication range. In the post personal computer era, when most devices
are battery-based, the more energy consumption saved the better and more attractive users. In
this paper, we study adaptive mechanisms in the transmission parameters of the LoRa”™ network
and proposed an energy-efficiency solution for the adaptive algorithm. The proposed algorithm
helps reduce the energy consumption of LoRA-based internet of thing system while keeping all
quality parameters unchanged. This research not only introduced the reference hardware of a sen-
sor node in wireless sensor networks but also conducted experiments on typical LoRa™ network
infrastructure. We conduct three different experiments to validate our proposed algorithm with
real systems which use air quality sensors and an ultra-low-power micro-controller unit board from
Texas instruments. Our experimental results with both real systems and simulations show that we
achieve at least 4% energy consumption when the proposed algorithm used. Although energy
consumption is saved, the quality of services including communication range and packet arrival
rate are kept unchanged. The proposed algorithm as well as the testing systems can be used for
further research topics to help saving energy consumption. More energy saved can make the world
greener.
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teristics of the Internet of Things (IoT), which trans-
mit information over wireless communication. Wire-
less sensor network (WSN) is a typical system of IoT,
which requires data exchange and long battery life
highly. There has been a noticeable increase interest
in studying about optimizing energy consumption for
WSN; the limited and resources constrained have mo-
tivated the research towards reducing the energy con-
sumption of MAC protocols.

The LoRa’™ is a modulation technique owned and li-
censed by Semtech Corporation, which describes only
the physical layer. On another hand, LoRa” MAC
protocol is controlled by the LoRaWANTM | which
is an open standard maintained and certified by the
LoRa Alliance™™.

The LoRa’™ technology enables long-distance, low-
power communication and operates in the unlicensed
sub-GHz ISM band. The modulation technique of
LoRa™ based on chirp spread spectrum to achieve

rameters: spreading factor, transmission power, code
rate, frequency, and bandwidth. These parameters
jointly affect the communication range, data rate, and
reliability of data exchange between end nodes and
gateway.

The LoRaWAN™M defines the MAC protocol and
the system architecture of LoRa’™ networks.
LoRaWAN™M is an ALOHA-based MAC protocol,
which simplifies the network into a star topology
to reduce the complexity of end devices. In the
network architecture of LoORaWAN”™ | the end de-
vices communicate with gateways over the LoRa’¥
physical layer. An end device is not associated with
a specific gateway; all the gateways in the network
listen and receive messages from end devices within
the transmission range. The gateways simply forward
received messages to a network server, and this
communication takes place by using the standard
Internet Protocol (IP).

Cite this article: Nga L C, Pham-Quoc C, Thinh T N. Energy-efficiency approach for long range wireless
communication. Sci. Tech. Dev. J. — Engineering and Technology; 3(SI1):SI159-S170.
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Adaptive Data Rate (ADR) is a mechanism designed
to efficiently change the data rate and the transmis-
sion power of static end devices. The main goals of
ADR are increasing the capacity of LoRa’™ network
and battery life of end devices. The ADR feature is im-
plemented on network servers and also end devices,
but the end device decides on using ADR or not. The
ADR on the network server adapts two parameters are
spreading factor, and transmission power to reduce
energy consumes for end devices. While the end de-
vice only changes the spreading factor to extend the
transmission range when data cannot reach gateways.
In this research, we introduced a solution to improve
ADR algorithm, which helps to extend the battery
life of end devices by adjusting parameters with lower
levels of transmission power. We found out that the
signal quality of LoRa”™ network is not efficiently
used to optimize the transmission power in the ADR
mechanism. So we conducted the research and pre-
sented an improvement for the ADR algorithm to
minimize transmission power without affecting com-
munication quality. The ADR implementation used
to study and evaluate the performance of the proposed
solution from an open-source software named The
Things Network (TNN).

A LoRa™™ infrastructure consists of a sensor node, a
gateway, a network server, and an application server.
The sensor node obtains functionalities as an air qual-
ity sensor, which collected air data and sent to the
gateway. After that, the gateway forwarded the data
to the network server and the application server. The
experimental results on this LoRa’” network infras-
tructure have shown that the proposed solution can
help to decrease the level of power consumption and
extend the battery life of the sensor node up to four
percent.

The paper organized as follows. Section II reviews re-
cent energy efficiency researches for LoORaWANTM,
section III describes in detail about the energy-
optimized solution for ADR mechanism in LoRa’™
networks. Section IV presents the system used to eval-
uate the proposed solution with experimental results,
and the research concluded with a summary and fu-
ture works in section V.

RELATED WORKS

The study' evaluated the selection using LoRa’™
In this
study, a wire- less sensor network using the LoRa’™
technology and the LoRaWAN”™ network protocol
was developed and evaluated, outlining limitations,

technology for wireless sensor networks.

and solutions for using multiple gateways to achieve
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optimal coverage. However, the research only recom-
mended the solution but did not apply to any specific
problem.

The employment of LoRa’" long-range wireless
communication technology in the industrial wireless
sensor network has considered and implemented in
research?. The study has shown the difference in an
industrial wireless sensor network compared to tra-
ditional wireless sensor networks, thereby offering a
feasible solution for the application of LoRa’™ tech-
nology to the industrial wireless sensor network. This
study analyzed the essentials for implementation but
has not studied the aspect of energy consumption op-
timization.

In the study’, the energy optimization solution
was introduced to combine the LoRa”™ long-range
communication technology and the Wake-up Radio
(WuR) short-range communication technology to op-
timize power consumption. This solution provides
high energy efficiency but only operates in a narrow
range that does not promote the power of LoRa’™
technology.

In LoRa’™ technology, many factors affect energy
consumption, and in which data transmission pa-
rameters are one of the most critical factors. These
parameters can be set up initially or use the ADR
feature of the LoRaWANT™ protocol. The research
trend on optimal transmission parameters in LoRa™™
technology has increasingly promoted. In particu-

NTM’s adaptive

lar, research? focused on LoRaWA
data rate (ADR) feature implemented in two open-
source projects, LoRa Server and The Things Network
(TTN), as well as offering a solution to increase the ro-
bustness and expand the communication range in the
LoRa’™ network. However, the energy-saving factor
has not been reviewed and optimized by this research.
In studyS, the author further analyzed ADR fea-
tures, which includes two components: ADR-NODE
(end device) and ADR-NET (LoRaWANTM network
server). In this study, the open-source project The
Things Network (TTN) continues to be used to evalu-
ate ADR features. The author also introduced an opti-
mization solution for ADR-NET, but the results of the
research based on the simulated model have not been
tested directly on hardware devices.

The data transmission parameters in LoRa technol-
ogy deeply analyzed in the research®. The author ex-
amined these parameters and pointed out the limi-
tations of the ADR feature in LoORaWAN’M, which
could not change all the parameters but only capable
of adapting the spreading factor and the transmission
power. The study also provided solutions to assist in
selecting the proper parameters for each problem, but
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the proposed solution requires testing on the end de-
vice to find suitable parameters, which were not effi-
cient. The solution was given only at the model level
and evaluated based on the author’s calculations but
has not been implemented and tested on any specific
hardware.

PROPOSED APPROACH

The goal of studying in this paper was seeking a
power- optimized solution for LoRa”™ network with
requirements:

« Can be quickly adopted in current LoRa’™ in-
frastructures.

o Can be combined with other optimal solutions
without any conflict.

« No change of structure of LoRa’™ end devices
is needed.

These constraints have driven the study into under-
standing and optimizing the adaptive data rate (ADR)
feature in LoORaWANTM . This feature implemented
on LoRa’™ network server, so it does not affect other
components in the network. The crucial part of the
ADR feature was the ADR algorithm, which calcu-
lated and determined the optimal level of power con-
sumption in the end devices.

Analyze the adaptive data rate (ADR) algo-
rithm.

The adaptive data rate did not clearly define in
LoRaWANTM specification, but this mechanism con-
tains several operations:

o Check ADR enable.

« Calculate the uplink history.
o Get demodulation floor.
 Schedule downlink.

o Implement ADR algorithm.

The adaptive data rate (ADR) feature Figure 1, which
used in this research was an implementation of The
Things Net- work (TTN) framework. This implemen-
tation complied with LoRaWANT¥ specification ver-
sion 1.1.

In this study, the focus was on the core part of the
ADR feature, the ADR algorithm, which took the role
of calculating and finding the spreading factor and the
optimal energy transmission for each LoRa’¥ end
devices in the network. The original algorithm imple-
mented by The Things Network described as Figure 2.
The ADR algorithm only focused on parameters such
as signal-to-noise (SNR), demodulation floor, and

the number of received uplink packages to calcu-
late a marginal value. The marginal output value re-
flected the transmission quality in the LoRa’™ net-
work, which the higher the marginal value mean the
better communication quality. This value then used
to increase the data rate and reduce transmission en-
ergy; this changing helped to lower power consump-
tion on end devices.

Energy efficiency solution

In the ADR algorithm, there was another essential pa-
rameter attached to the uplink package by the gate-
way, radio signal strength indication (RSSI). This in-
formation represented the signal quality, as well as
the ability to transmit data in the LoRa”™ network.
In this paper, an energy optimization solution intro-
duced by using the RSSI value to lower the transmis-
sion power level.

In the document®, the RSSI information indicated the
quality of data transmission in a wireless network as
Table 1.

Table 1: The transmission quality indicated by RSSI

Transmission Quality ~ Per-  RSSI Value
Quality centage

Good 90% ~ -45 dBm
Medium 50% ~ -75 dBm
Low 30% ~ -85 dBm
No Signal 0% ~ -96 dBm

From the link between RSSI and the quality of data
transmission in the LoRa’™ network, the study has
proposed the optimal solution of energy consumption
by reducing the transmission energy on the end de-
vices based on the transmission quality.

The correlation between RSSI and power transmission
was measurable, the higher the power transmission,
the stronger the value of RSSL

This paper has studied and implemented a function
which used the knowledge in the signal quality to in-
crease the marginal value in the ADR algorithm. This
function only considered two critical thresholds were
good quality when the RSSI value was equal or greater
than -45 dBm, and the medium quality is when the
RSSI value is equal or greater than -85 dBm. The tran-
sition to calculate the marginal value based on the cor-
respondence between the transmission power and the
RSSI value.This optimal function described in detail
as Figure 3.

The function added to the ADR algorithm right after
increasing the data rate step to make sure the output
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Figure 1: ADR implementation of The Things Network’.

only affected to the transmission power. The ADR al-
gorithm operational diagram was updated as Figure 4.

Evaluation of the proposed solution.

In the LoORaWANTM specification for different fre-
quency bands, there was a separate transmission
power range. In this research, we used the Europe fre-
quency band, which included eight levels of transmis-
sion power. The specification’ defined the transmis-
sion power as below:

(0,2, 4, 6,8, 10, 12, 14, 16] (dBm) (1)

Formulas (2) and (3) were used to calculate the
strength of an electric current in amperes; these val-
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ues reflect the level of energy consumption of the end
devices.

o The formula to convert energy from (dBm) to
(W):

PdBm (P(dBm) — 30) (2)
10 —10 10

« The formula to convert from energy (W) to cur-
rent intensity (A):
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Based on two conversion formulas, together with
eight transmission power levels of the ADR feature,
the energy-saving levels of the optimal function de-
scribed in Table 2.

The energy-saving levels calculated in Table 2 showed
that the energy consumption determined by the trans-
mission power parameter of the LORaAWANTM was
relatively high. The energy could save up to 7.6 mA at
3.3 voltage, which could extend a significant amount
of battery life for the end devices.

EXPERIMENTAL RESULTS

In this section, We introduced a LoRa’™ infrastruc-
ture used for conducting experiments. These exper-
iments helped to evaluate the efficiency of the pro-
posed solution.

Table 2: Energy Saving Levels

Energy Saving Energy Saving
Level
dBm Watt maA (3.3V)

1 2 ~0.00158 ~0.48

2 4 ~0.00251 ~0.76

3 6 ~0.00398 ~1.20

4 8 ~0.00631 ~1.90

5 10 ~0.01000  ~3.00

6 12 ~0.01585 ~ 4.80

7 14 ~0.02512 ~7.60

LoRa’™ infrastructure.

In this paper, we constructed a simple wireless sensor
network, which used LoRa”¥ to transmit data. The
system infrastructure in Figure 5 included four com-
ponents:

« An air quality sensor.
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strongRS515tep € 5 dBm
mediumRS55/5tep < 10 dBm
strongRSSIMargin € -45 dBm
mediumRSSiMargin € -85 dBm

function getRSSIMargin( curRss])
rssiMargin=10
rssisignal = curRSS!

if rssiSignal > strongRSSIMargin then

/fget signal

signal € rssiSignal — strongRSSIMargin

/fupdate rssi signal

rssiSignal € rssiSignal + signal

//get signal

rssiMargin € rssiMargin +

end if

signal
strongRSS15tep

if rssiSignal > mediumRSSIMargin then

/fget signal

rssiMargin € rssiMargin +

end if

resiSignal — mediumBISIMargin
medinmRSSIStep

//the weak signal is when rssi below -85dm

return rssiMargin
l end function

Figure 3: Optimal function for ADR algorithm.

« A gateway device.
o A LoRaTM network server.

« A data analysis application.

In this system, We developed the air quality sensor
and the gateway by using open and easily accessible
hardware accompanying with open-source software.
The network server and the application server also
built with renown open-source frameworks to easy on
development and deployment.

The air quality sensor shown in Figure 6, which in-
cluded hardware components as following:

o MSP430FR5994,
from Texas Instruments.

an ultra-low-power MCU
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« Grove - Laser PM2.5, an air quality sensor from
Seed.

o S76SXB, a LORaWANTM certified module.

o A 3.7V 2000mAh Lithium-Ion battery.

The gateway structure outlined in Figure 7, which
constructed by a combination of a Raspberry Pi 3
Model B+ with a RAK831 LoRa”¥ gateway module.
The network server and application server deployed
on cloud computing service of Digital Ocean. The
network server was running framework The Things
Network with LoORaWANTM version 1.1.

Device configuration.

In the experiment section, the study wanted to focus
on assessing energy optimization capabilities, as well
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Figure 5: The LoRa”™ infrastructure overview.

as finding out the limitations of the proposed solution.
The LoRa’™ gateway and the air quality sensor in the
experiments configured as follows:

The gateway located 20 meters above the ground and
connected to the internet via Wi-Fi. This device con-
figured to operate on eight channels of EU868MHz
frequency band in Table 3.

The air quality sensor was set up with the following
information:

Automatically join the network via over-the-air-
activation (OTAA) mechanism.

Operation on 867.5 MHz frequency band.
Initial spreading factor (SF) at 12.

Initial transmission power at 16 dBm.
Enabled adaptive data rate feature.

Sending air data with the un-confirm configura-
tion.
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Laser PM2.5 Sensor

DC 3.7V

LoRa S765XB

Battery MSP430FR5994

Figure 6: The air quality sensor structure.

« Powered bya3.7V - 2000 mAh Lithium-Ion bat-
tery.

Experiments
Experiment 1

The goal of this work measured and compared the
power consumption of the proposed solution and
original algorithm of The Things Network in short-
range. The result presented in Figure 8.

Figure 7: The LoRa’ gateway. 25

Table 3: The configuration channel of the gateway

Channel Num-  Bandwidth Frequency
ber £ Spre: r
Factor Power Received
(dBm) (1000 packages)
1 125kHz 868.1 MHz
5N Original ADR  EZE Optimized ADR
2 125kHz 868.3 MHz
5 125kHz 868.5 MHz Figure 8: The result of experiment 1.
4 125kHz 867.1 MHz
5 125kHz 867.3 MHz Based on the results of the experiment, the following
6 125kHz 867.5 MHz assessments concluded:
7 25380 867.7 MHz « The battery life of the sensor with the proposed
8 125kHz 867.9 MHz solution was 4 percent longer than the original

algorithm.
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« The amount of data received at the gateway was
also more than 4 percent corresponding to the
lifetime.

o The loss rate was utterly equivalent to the origi-
nal algorithm.

« The transmission power difference could reach
up to 14 dBm, according to the evaluation, it
saved 7.6 mA per transmission.

Experiment 2

The second experiment aimed to evaluate the pro-
posed solution within medium range in the city en-
vironment. The result illustrated in Figure 9.

Transmit
Power
(dBm)

Data
Received
(packages)

Spreading
Factor

ES Original ADR

E= Optimized ADR

Figure 9: The result of experiment 2.

Based on the experimental result , we stated some in-
formation:

« In the medium range, the solution still able to
save energy but with a few amounts of energy.

« The transmission power saved by the solution
was 2 dBm.

Experiment 3

The third experiment explained to the efficiency of the
solution within a long-range. The result described in
Figure 10.

With the result from experiment 3, we had a conclu-
sion that the proposed solution did not affect the com-
munication range of the end devices. The distance
map displayed in Figure 11.

DISCUSSION

The paper studied and proposed a solution to opti-
mize energy consumption in the wireless sensor net-
work using LoRa”™ technology and LoRaWANTM
network protocol. The study also introduced a typical
LoRa™ infrastructure with components: air qual-
ity sensor, gateway, network servers, and application
server. From the result of experiments, there were
some advantages as below:

60

< o
by =

40+

\
\

50m

25.0

204

500m

700m

B3 Loss Rate (%) Ez Total Received (packages)

Figure 10: The result of experiment 3.

« Implemented in the network server, so there was
no limit on the end devices.

o The solution only optimizes energy consump-
tion, did not affect the transmission quality and
the loss rate.

« Inthe experiment, the saving-power could be up
to 14 dBm per transmission, and this could ex-
tend the battery life of the end device to 4 per-
cent.

High applicability, because of requiring no
hardware changes and some minor updates in
software.

o There was some limitation of the proposed so-

lution. We summarized as below:

o Apply more excellent techniques (machine
learning, big data) to be able to find the most
optimal transmission power level with the least
uplink package, to limit the number of down-
links to save more energy.

The optimal function reduced power transmis-
sion step by step, so it required more downlink
to control the transmission parameters on the
end devices.

This solution required the end devices enabled
the adaptive data rate feature.
The solution built on the
LoRaWANTM  network protocol so that it
applied to LoRa’¥ systems only.

foundation of

CONCLUSIONS

In this paper, we proposed an adaptive algorithm
to save energy consumption of a LoRa-based system
while keeping communication quality unchanged.
The best point of the solution was studying and devel-
oping based on the LoORaWAN”™ network protocol
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Figure 11: The distance map in experiment 3.

so it could be expanded and improved without limita-
tion on any hardware. Based on the limitations, some
further research directions may be conducted to op-
timize the current solution, for example using addi-
tional sensitivity information of the gateway to opti-
mize, since gateways with different hardware could be
received data at different transmission power.
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tam xa

Lé Cong Nga, Pham Quéc Cudng’, Tran Ngoc Thinh
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Theo cac nghién cliu gan day, mang cam bién khong day (Wireless Sensor Network) tiéu thu nang
luong thap sé ngay cang tré nén phd bién, thic ddy xu hudng nghién ciu vé t8i uu hod nang luong
cho mang cdm bién khéng day ting nhanh. Cong nghé LoRa”™ |3 mét cong nghé diéu ché séng
mang dén kha nang truyén tai d liéu & khodng cach xa véi muc yéu cau nang luong thap, thém
vao dé LoRaWANTM |3 mét giao thiic mang dua trén cong nghé LoRa™ duac thiét ké nham uu
hod cho céc thiét bj hoat dong dua trén nguén nang lugng la pin. Hai cong nghé nay dugc danh
gia la giai phap phu hgp cho mang cam bién khéng day, gitip giam muc nang lugng tiéu thu va
ma& rong tam hoat dong. Trong thai dai hau mday tinh ca nhan, khi cac thiét bi chd yéu st dung
pin thi viéc tiét kiém nang luong la mét trong nhimg yéu té rat quan trong va hap dan ngudi st
dung. Trong bai bao nay, chidng téi nghién clu vé ky thuat thich ng trong thiét lap cac thong s6
truyén tai di liéu clia mang LoRa™ va dé xut maot gidi phép tiét kiém nang luong cho gidi thuat
thich ng. Gidi thuat clia chidng toi gidp tiét kiém nang lugng nhung van gitt nguyén chat lugng
truyén dan theo giao thic LoRa. Nghién ctiu nay gidi thiéu moét phan cing mau clia moét ndt cam
bién trong mang cadm bién khéng day, cting nhu hién thuc mét hé théng mang LoRa™ dién hinh.
Chuing t6i tién hanh ba thi nghiém khac nhau véi cac cdm bién chat lugng khéng khi va cac bo
mach MCU clia hang Texas instrument. Cac thi nghiém clia ching téi dugc tién hanh vai hé théng
thuc va mo phéng déu cho két qua tét vai t6i thi€u 4% nang luong dugc tiét kiém. Mac du tiét
kiem nang lugng nhung chét lugng truyén dan vé khoan céach va ti |é goi tin dén déu dugc gilt
nguyén. Cac hé théng thuc nghiém va giai thuat cé thé dugc dung cho céc nghién ctiu khéac cing
chti dé. Ngay nay, cang tiét kiém ndng lugng sé cang lam cho thé gidi xanh hon.

Tu khoa: LoRaTM, LoRaWANTM, Mang Cam Bién Khong Day, Téc Do D Liéu Thich Ung, Tiét Kiém
Nang Lugng

Use your smartphone to scan this
QR code and download this article

Trudng Pai Hoc Bdch khoa - Pai hoc
Qudc Gia Thanh Phé H6 Chi Minh
Lién hé

Pham Quéc Cuéng, Trusng Dai Hoc Bach

khoa - Bai hoc Quéc Gia Thanh Phé H6 Chi
Minh

Email: cuongpham@hcmut.edu.vn
Lich st

o Ngay nhan: 05-8-2019

® Ngay chdp nhén: 03-9-2019
o Ngay ding: 13-11-2020
DOI:10.32508/stdjet.v3i3.532

W) Check for updates

Ban quyén

© DHQG Tp.HCM. Dy la bai bdo cong bé
ma dugc phat hanh theo cac diéu khodn cuia
the Creative Commons Attribution 4.0
International license.

pradi— Trich dan bai bdo nay: Nga L C, Cudng P Q Thinh T N Gai phap tiét kiém niang | ugng cho céng nghé
VNU-HCM Press giao tiép khdong day tam xa. Sci. Tech. Dev. J. - Eng. Tech.; 3(SI1):5159-SI70.

h

SI170



	Energy-efficiency approach for long range wireless communication
	INTRODUCTION
	Related Works
	Proposed Approach
	Analyze the adaptive data rate (ADR) algorithm.
	Energy efficiency solution
	Evaluation of the proposed solution.

	Experimental Results
	LoRaTM infrastructure.
	Device configuration.
	Experiments
	Experiment 1
	Experiment 2
	Experiment 3


	Discussion
	Conclusions
	Acknowledgenment
	Abbreviation
	Conflict of interest
	Authors' contributions
	References




