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Abstract—The booming Internet of Things (10T) can be seen
in all areas of daily life. In the traditional wireless sensing
network technology, there are difficult factors such as
insufficient transmission distance or high power consumption.
The emergence of LoRa (Long Range) technology has broken
the difficult factors of traditional wireless sensing network
technology. Due to the demand for image in 10T applications,
the LoRa technology of low data rate will be designed to
transmit the image of high data quantity in this paper.
Different encoding methods will influence the transmitted file
size and the transmission efficiency. Two major encoding
methods are presented to conduct the comparison experiment
of image transmission efficiency. PSNR (Peak Signal-to-Noise
Ratio), SSIM index (Structural Similarity Index) and
transmission time are used to evaluate the image transmission
efficiency under different encoding method.

Index Terms—Internet of Things (10T), LoRa, PSNR (Peak
Signal-to-Noise Ratio), SSIM index (Structural Similarity
Index), transmission time, JPEG, Webp, Base64.

l. INTRODUCTION

In recent years, the booming of the Internet of Things has
been seen in various fields of daily life, such as military,
commerce and medicine [1]-[3]. In the traditional wireless
sensing network technology such as Zigbee, Bluetooth,
3G/4G and other wireless transmission technologies, there
are difficult factors such as insufficient transmission
distance or high power consumption [4]-[6]. The emergence
of LoRa broke the difficult factors of traditional wireless
sensing network technology.

Firstly, regarding ZigBee, it is an 802.15.4 IEEE
technology of short distance and low data rate, and supports
multiple network topologies. The free frequency bands such
as 2.4GHz, 915MHz and 868MHz are used, and the
transmission distance is below hundred meters [4]. For long
distance application, mesh topology and multi-hopping are
inevitable. That makes the wireless sensor network based
on ZigBee more complicated and unstable in practical
application. Secondly, Bluetooth is a technology of
low-power, short distance and frequency hopping. It is an
IEEE technology of 802.15.1. The free frequency band used
is 2.4 GHz and the transmission distance is below hundred
meters [5]. The similar problems for long distance
transmission arise in Bluetooth technology. Thirdly, LoRa
is a newly developed wireless technology which can
overcome the above problems. Thus, LoRa attracts more
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and more attraction recently.

LoRa's advantages include low power consumption,
long-distance transmission and low cost [7]. This
technology is a low-power wide area network (LPWAN)
from Semtech. It uses Chirp Spread Spectrum (CSS) and
spread-spectrum technology to achieve the low-power and
long-distance transmission. Due to the long-distance
transmission characteristics, the network topology can be a
star topology. Thus, it saves the cost of the repeater and
reduces the complexity of the network deployment. The
transmitting current consumption in LoRa is about dozens
of milliamperes, and the sleep current consumption is about
several microamperes [8].

At this stage, the way to use LoRa technology for image
transmission is not common, because the program to
transfer pictures consumes a lot of time compared with
WiFi. In this paper, we use different encoding methods to
compare the transmitted image quality and the time they
take for LoRa to transfer images. This paper is organized as
follows. The second section mainly describes LoRa
transmission parameters, JPEG Image Formats, Webp
Image Formats, Base64 coding and System Architecture.
The experimental results are discussed in the third section.
Finally, we draw a conclusion in the fourth section.

Il.  SYSTEM

A. LoRa Transimission Parameters

Adjusting the different parameters of LoRa will affect the
packet transmission rate, sensitivity and transmission
distance [9]. The main parameters include: TP
(Transmission Power), BW (Bandwidth), SF (Spreading
Factor) and CR (Coding Rate). described as follows:

e TP (Transmission Power): The switchable
transmission power is adjustable from —4 dBm to 20
dBm. When the TP is adjusted to be higher, the
power consumption will be higher and the
signal-to-noise ratio will be higher.

e BW (Bandwidth): It will affect the packet
transmission rate, sensitivity and transmission
distance. The adjustable range is from 125 to 500
KHz. When the BW is adjusted to the higher value,
the transmission rate will increase, but the sensitivity
and transmission distance will decrease.

e SF (Spreading Factor): It will affect the packet
transmission  rate, receiving sensitivity and
transmission distance. The range is from 7 to 12.
When the SF is adjusted to a larger value, the
transmission rate will decrease, but the receiving
sensitivity and the transmission distance will
increase.
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e CR (Coding Rate): It will affect the
anti-interference ability and transmission rate of the
packet. The adjustable values are 4/5, 4/6, 4/7 or 4/8.
When the CR is adjusted to the larger value, the
transmission  rate  will  decrease, but the
anti-interference ability will increase.

B. JPEG Image Formats

JPEG compression is the most commonly seen
technology and the most famous distortion compression
technology [10]. It can compress the image file to the
appropriate size according to the image quality required by
itself. The steps of JPEG compression technology are in the
following: (1) Convert the color space of the image from
RGB to the color space of YUV, (2) Cut the individual
color space of YUV by 8*8 matrix, (3) by using DCT
(Discrete Cosine Transform), the image value are
transformed and then divided into the DC part (DC
coefficient) and the AC part (AC coefficient) (4) Quantize
the image matrix value, and that constitutes the major
distortion in JPEG compression, (5) Entropy Coding:
Differential Pulse Coding for DC, Zig-Zag Running Length
Coding for AC, and Huffman coding.

C. Webp Image Formats

The Webp format, including lossless and lossy
compression techniques, was developed by Google. Using
webp lossy compression techniques will make the image
file size much smaller than that by JPEG compression. The
Webp lossy compression process is similar to the jpeg
compression process [11]. There are two major differences
between them. Firstly, Webp uses predictive coding.
Secondly, Webp compression uses Boolean arithmetic
coding, but the JPEG compression uses Huffman coding. It
thus improves the compression effect.

D. Base64 Coding

Base64 is a common code used to transmit data on the
Internet [12]. It mainly converts the binary value of the data
into 64 ASCII (American Standard Code for Information
Interchange) symbols, where its ASCII symbols includes 10
numbers, 26 uppercase and lowercase Latin letters, plus
signs, slashes, etc. The Base64 conversion process is as
follows: First convert the data into binary and sort it by 3
bytes. If the sorted value is less than 3 bytes, it will be filled
with 0. Then each group goes to the corresponding symbol
according to the Base64 corresponding to ASCII table. The
Base64 encoding image file needs to save as other encoding
file for saving or transmission. Although Base64 encoding
will increase the character length by 1/3, we choose it as the
transmission file format because it is compatible with the
packet format of LoRa transmission [13].

E. System Architecture

The main flow chart of the transmission and reception of
LoRa is shown in Fig. 1 and Fig. 2. First, the transmitter
system will be initialized. Then read the JPEG file and
convert the JPEG file into the Webp file format. Next, LoRa
starts transmitting the packets. After transmitting all the
packets, the LoRa is converted into the receiving mode.
After receiving the transmitted packets, the receiving end
determines whether it completely receives all the packets. If

all the packets have been completely received, the
transmitter will end the thread. Conversely, LoRa will
continue to transmit the lost packets until the received
packets are not lost. As shown in Fig. 2, first the system will
initialize and set the LoRa status to receiving mode. After
receiving, the system will judge the integrity of the packets.
If some packets were lost, the receiving end will convert to
the transmission mode to transmit the number of the lost
packets. Otherwise, the receiving end will send a message
that all packets have been received, and then the thread will
be closed.

System initialization

Read JPEG file

v

Convert jpg file to
webp format

>y

LoRa starts
transmitting packets

v

LoRa converts to
receiving mode

Determine if the
packet is missing

Retransmit lost
packets

finish

Fig. 1. The flow chart of LoRa transmitter.

System initialization

LoRa starts
receiving packets
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Determine if the
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number

Transfer was completed
and sends a success
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finish

Fig. 2. The flow chart of LoRa receiver.
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I1l.  EXPERIMENTAL RESULT

The transmitter and receiver devices consist of Raspberry
pi 3 B + and Semtech sx1276 LoRa chips. The experimental
site of transmitter are located on the 9th floor of the
building of Chaoyang University of Science and
Technology, and the other receiving end is placed near
Meiqun Bridge and Tucheng Road in Dali District,
Taichung City, Taiwan. According to Google Maps, the
communication distance between the transmitting end and
the receiving end is about 1.5 kilometers, as shown in Fig.
3.
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Fig. 3. Map of the experiment location.

In the experiment, the parameters fixed by LoRa are the
frequency band 868 MHz, TP=17dBm, BW=500 kHz, SF=7,
CR=4/5. We use different image formats for LoRa
transmission and evaluate the transmission effect. The
evaluation parameters of transmission effect includes RSSI
(Received Signal Strength Indicator), PSNR (Peak
Signal-to-Noise Ratio), SSIM (Structural Similarity index),
and transmission time. The original picture with 200 x< 150
pixels is shown in Fig. 4. The actual placement of the
transmitting node and the receiving node are shown in Fig.
5. Fig. 6(a) shows the result after transmission using the jpg
format. Fig. 6(b) shows the result of the transmission using
Webp and then Base64 encoding.

Fig. 4. Experimental original image.

(b)
Fig. 6. The transmitted images using: (a) JPEG (b) Webp and Base64.

PSNR is used to evaluate image quality. The larger the
PSNR, the smaller the image distortion. However, it is
pointed out in the research report that PSNR is different
from human perception [14]. SSIM is used for measuring
the similarity between two images and thus is designed to
improve the traditional methods such as PSNR. Therefore,
we add the SSIM evaluation parameter to determine the
similarity and quality between the transmitted and the
original pictures. The SSIM range is 0~1. When it is closer
to 1, the transmitted image is closer to the original image
[15].

The transmission experiments for JPEG encoding and
Webp + Base64 encoding were individually conducted for
three times. The result data were averaged and shown in
Table I. The original image size compressed by JPEG is
20.03 KB. The data obtained by transmission test are Total
packet number=81, RSSI ((Received Signal Strength
Indication) = -97.0 dBm, Packet number of success =28.7,
PSR (Packet Success Rate) = 95.7%, PSNR = 33.84 dB,
SSIM=0.904 and transmission time = 47.7 s. The other
method (Webp + Base64) compressed the file size to 5.51
KB. The result data obtained by the transmission test are
Total packet number=23, RSSI=-88.7 dBm, Packet number
of success=21.7, PSR=94.0%, PSNR=33.84dB,
SSIM=0.904, and transmission time =25.7 s. It can be seen
that PSNR and SSIM of the two method are the same. The
viewing image is acceptable to the human eye However, the
transmission time for Webp + Base64 encoding method is
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much smaller than that for JPEG. The difference of
transmission time between the two methods mainly arise
from the file size after compression coding. The smaller
transmitted file size require the smaller transmission time.

TABLE I: EXPERIMENT RESULTS

Transmission format JPG Webp + Base64

Coding size(KB) 20.03 5.51
Total packet number 81 23

RSSI (dBm) -97.0 -88.7
Packet number of success 28.7 21.7
PSR(%) 95.7 94.0
PSNR (dB) 33.84 33.84
SSIM 0.904 0.904
Transmission time 477 s 25.7s

IV. CONCLUSION

Because of the large data amount of image, it is critical to
transmit the picture. The LoRa technology is primarily
designed for low data rate transmission. However, in
practical application it is essential to integrate the data
transmission and image transmission to enhance the loT
value.

The encoding method severely influences the
transmission file size of image, and thus the transmission
time. Although the method of Webp plus Base64 encoding
has less PSR, its compression file size is almost one half of
that of JPEG. Therefore, the transmission time is also
almost one half of that of JPEG. From our experimental
results, we found that the LoRa image transmission with
Webp plus Base64 encoding requires the time of 25.7 s,
which is acceptable for practical application. This method
apparently improves the transmission time. Therefore, it is
feasible to develop a picture transfer using LoRa
technology.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Ching-Chuan Wei makes contributions to the experiment
design, explanation and article reviewing. Pei-Yi Su and
Shu-Ting Chen carried out the experiment, analysis and
writing the paper. All authors read and approved the final
manuscript.

REFERENCES

[1] J. Wang, L. Cao, Y. Shen, and G. Zheng, “Research on design of
military logistics support system based on 10T,” in Proc. Prognostics
and System Health Management Conf., Chongging, China, 2018, pp.
829-832.

[2] M. Ide, Y. Amagai, M. Aoyama, and Y. Kikushima, “A lean design
methodology for business models and its application to 10T business
model development,” in Proc. 2015 Agile Conf., Washington, DC,
USA, 2015, pp. 107-111.

[31 M. AIi, S. Lee, and B. H. Kang, “An IoT-based CBL methodology to
create realworld clinical cases for medical education,” in Proc. 2017
ICTC Conf., Jeju, South Korea, 2017, pp. 1037-1040.

[4] A. Rerkratn and A. Kaewpoonsuk, “ZigBee based wireless
temperature monitoring system for shrimp farm,” in Proc. 15th
ICCAS Conf., Busan, South Korea, 2015, pp. 243-246.

[5] N. Kajikawa, Y. Minami, E. Kohno, and Y. Kakuda, “On availability
and energy consumption of the fast connection establishment method
by using Bluetooth classic and Bluetooth low energy,” in Proc. 2016
CANDAR Conf., Hiroshima, Japan, 2016, pp. 286-290.

[6] J. Kang, C. Zhao, and H. Kang, “Research and application of 3G
electrical safety job site intelligent monitoring device,” in Proc. 2014
CICED Conf., Shenzhen, China, 2014, pp. 745-747.

[71 A. Pd&sch and F. Haslhofer, “Practical limitations for deployment of
LoRa gateways,” in Proc. 2017 IEEE International Workshop on
Measurement and Networking Conf., Naples, Italy, 2017, pp. 1-6.

[8] L. Casals, B. Mir, R. Vidal, and C. Gomez, “Modeling the energy
performance of LoRaWAN,” MDPI. Sersors, vol. 3, pp. 1-30,
October 2017.

[91 M. Bor and U. Roedig, “LoRa transmission parameter selection,” in
Proc. 13th DCOSS Conf., Ottawa, ON, Canada, 2017, pp. 27-34.

[10] H. Osman, W. Mahjoup, A. Nabih, and G. M. Aly, “JPEG encoder
for low-cost FPGAs,” in Proc. 2007 International Conf. on Computer
Engineering & Systems, Cairo, Egypt, 2007, pp. 1-6.

[11] J. Hu, S. Song, and Y. Gong, “Comparative performance analysis of
web image compression,” in Proc. 10th CISP-BMEI Conf., Shanghai,
China, 2017, pp. 1-5.

[12] S. Wen and W. Dang, “Research on base64 encoding algorithm and
PHP implementation,” in Proc. 26th International Conf. on
Geoinformatics, Kunming, China, 2018, pp. 1-5.

[13] Z.Jin and H. Finkel, “Base64 encoding on heterogeneous computing
platforms,” in Proc. 2019 IEEE ASAP Conf., New York, NY, USA,
USA, 2019, pp. 247-254.

[14] A. T. Nasrabadi, M. A. Shirsavar, A. Ebrahimi, and M. Ghanbari,
“Investigating the PSNR calculation methods for video sequences
with source and channel distortions,” in Proc. IEEE International
Symposium on Broadband Multimedia Systems and Broadcasting
Conf., Beijing, China, 2014, pp. 1-4.

[15] A. Zaric, M. Loncaric, D. Tralic et al, “Image quality
assessment-Comparison of objective measures with results of
subjective test,” in Proc. ELMAR-2010 Conf., Zadar, Croatia, 2010,
pp. 113-118.

Copyright © 2020 by the authors. This is an open access article distributed
under the Creative Commons Attribution License which permits
unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited (CC BY 4.0).

Ching-Chuan Wei was born in Taiwan in 1966. He
received his B.S., M.S. and Ph.D. degrees from the
Department of Communication Engineering, National
Chiao Tung University, Taiwan. He is currently in
the Department of Information and Communication
Engineering, Chaoyang University of Technology.
His research interests focus on the technologies of
Internet of Things, embedded system and signal
processing.

Pei-Yi Su is a graduate student in the Department of
Information and Communication Engineering,
Chaoyang University of Technology (CYUT),
Taiwan. She received her B.E. in information and
communication  engineering  from  Chaoyang
University of Technology, Taiwan, in 2018. Her
research interests include the technologies of
Internet of Things and embedded system.

Shu-Ting Chen is a graduate student in the
Department of Information and Communication
Engineering, Chaoyang University of Technology
(CYUT), Taiwan. She received her B.E. in
information and communication engineering from
Chaoyang University of Technology, Taiwan, in
2018. Her research interests includes the
technologies of Internet of Things and embedded
system.



https://creativecommons.org/licenses/by/4.0/

