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Image Transmission Analysis using CSS

Modulation Scheme ol
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Abstract: Image  transmission  through  low-speed
communication systems has been a challenge to overcome in the
last few years. Actual 10T technologies are supported by LPWAN,
where power consumption is a primary issue to consider. The
image transmission study presented in this paper is based on
Chirp Spread Spectrum (CSS) modulation scheme used by LoRa.
A simulation model for image transmission is presented, where
the communication channel is based on additive white Gaussian
noise (AWGN), with a configurable signal-to-noise ratio (SNR).
This model allows the modification of several LoRa CSS
parameters such as: spreading factor (SF) bandwidth (BW) and
code rate (CR). The adopted metrics for the evaluation of the
proposed methodology are symbol error rate (SER), bit error rate
(BER) and peak signal-to-noise ratio (PSNR). The first two
figures of merit allow the study of the transmission quality and
with the last one is possible to infer the received image quality.
For a SF=8 and SNR=-10 dB the obtained values of SER and
BER are 0.001 le-4, respectively. These values will lead to a
PSNR =21 dB.
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I. INTRODUCTION

Chirp Spread Spectrum is a modulation technique used

in Low Power Area Network (LPWAN) more specifically in
LoRaWAN. This protocol allows low data rate transmission
through to achieve longer distances, typically in scenarios
such as smart cities, agricultural monitoring and telemetry
[1][8]. With the emergence of 10T, there have been several
applications in image transmission, such as monitoring
agricultural fields and monitoring forest fires. However,
currently available in low-cost technologies, such as SigFox
and LoRa, these technologies do not allow communication
with a bit rate greater than 50 kbit/s [2]. Many of the
mentioned scenarios use low data rate for telemetry
purposes, where the transmitted data packet corresponds to
tens or hundreds of bytes [2][11].

Image transmission requires several constrainements,
such as image resolution and type of information: complete
image transmission or transmission of differences between
two different images. All these constraints must be
considered when it is used CSS - LoRa modulation scheme
to perform the base-band signal modulation.
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In work [3][9] the authors present a solution for
multiplexing the image in several spreading factors (SF), to
decrease the time of image transmission. Other approach is
presented in [4][10] where the authors propose 239 bytes for
payload and image compression. Packet loss is studied in
[5], where an experimental setup is used for image
transmission until 6 km for several SF.

In this paper it is presented the impact of each SF value in
image transmission time for multiple resolutions. The
adopted metric for image evaluation is based on peak-to-
signal noise ratio (PSNR), whose values can change
between 20 and 25 dB, where it is considered that the
received image is perceptible [1]. The channel model based
on an additive with Gaussian noise (AWGN) with a
configurable signal-to-noise ratio (SNR). With these
parameters it is possible to infer bit error rate (BER) and
symbol error rate (SER) in function of SNR.

This paper is organized as follows. Section Il presents the
LoRa CSS modulation scheme, packet structure and channel
access policy. The proposed model for image evaluation is
presented in section Ill. In section 1V it is presented the
system evaluation based on SER, BER and PSNR. The
conclusions of this work and future work are shown in
section V.

Il. LORA CHIRP SPREAD SPECTRUM
MODULATION

In this section it is presented the CSS modulation scheme
used in LoRaWAN communication.

A. CSS Signal

LoRaWAN uses CSS modulation scheme that modulates
base-band signals in sub-GHZ ISM band [1,6]. The
modulated signal is given by signal s(t),

j(Zﬂfct—o—Zﬂétzj
s(t) = exp 2/, (1)

where f. and £ corresponds to the carrier frequency and
slope, respectively [1].

This modulation technique is based on linear frequency
variation within a specific bandwidth (BW) during symbol
duration (Tsymb), given by (2)

25F

T symb= BW ' @

where SF corresponds to the spreading factor and can have
values between 7 to 12 [1,6]. The frequency carrier, f;, may
change according to ISM frequency region standard. The
BW may assume three typical values: 125 kHz, 250 kHz and
500 kHz [6].
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In the demodulation process the signal is processed
through a matched filter technique by correlating a down-
chirp signal with the received CSS signal to detect the
presence of the phase shift. In other words, the received CSS
signal (up-chirp) is convoluted with a conjugate time-
reversed version of the raw signal. This process allows the
extraction of the LoRa symbol comprised within 0 to 25F-1
[6].

B. LoRaWAN Packet Structure and Channel Access

The size of each image may change according to its
resolution and type (black and white or color). Due to
LoRaWAN packet structure and channel access policy, the
image size is a constraint that must be considered for
transmission time optimization.

LoRaWAN packet structure is composed by five fields.
The preamble is used for synchronization process between
the gateway and each end device. The header and its
respective Cyclic Redundancy Check (CRC) is used only in
LoRaWAN explicit mode. The payload field allocates the
transmitted data and may assume different code rates (CR).
The last field structure is the payload CRC. The described
data structure is represented in Fig, 1 [6].

Payload

Preamble Header ERO Payload

(explicit mode only) CRC

Fig. 1. LoRa ED uplink packet structure

Each uplink LoRaWAN packet has time duration that
corresponds to preamble and payload combined, as
presented in equation (3).

Tpacket = Tpreamble + Tpayload (3)

The preamble and payload duration are given by
equations (4) and (5), respectively. As depicted, each of this
field depends on LoRaWAN symbol duration. This is an
important feature to be considered since it depends on the
CSS modulation parameters, namely the spreading factor.
The payload length depends on the SF, message length and
CRC [6].

Tpayload = npayload X Tsymb (@)

Tpreamble = (npreamble + 4-25) X Tsymb (5)
LoRaWAN channel access policy is based on 1% duty
cycle [6]. This value represents the time percentage that a
specific end device allocates the radio channel. Thus, after
each transmission, it is mandatory fulfil a waiting time given

by (6).
1 — duty cycle
Tywair = Tpacket <—)

duty cycle (6)

Thus, the time duration between each LoRaWAN packet
transmission is given by TpackettTwair, cCOrresponding to
equations (3) and (6), respectively. Assuming there are no
collisions between LoRaWAN frames, it is possible to infer
the transmission time of each image resolution.
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In Table 1 it is presented the transmission time for images
with 64x64, 128x128 and 256x256 pixels, with 8 bits per
pixel, assuming a payload of 58 bytes for each transmission.
This is the adopted value, considering typical LoRa radios
[71.

Table- I: Image Transmission time for different image

resolution and SF

Resolution SF .

[pixels] Time [s]

7 13.28

64x64 8 22.96

9 43.51

7 53.15

128x128 8 91.84
9 174.04

7 212.6

256x256 8 367.36
9 696.17

Increasing the SF value results in doubling the image
transmission time. This factor is important to consider, as
the increase in the SF value may be related to the distance
between the ED and the gateway. Another factor to consider
is related to the resolution of the image to be transmitted.
When the resolution doubles, for the same SF, the
transmission time increases by at least four times.

C. Image Evaluation Metrics

The metric used to compare the transmitted and received
images is PSNR whose expression is given by (7) [1,5]

Ps

PSNR, = 10log (P—e) @)
where Ps corresponds to signal power of each pixel with 8-
bit resolution. The variable Pe is the error mean squared
root, that corresponds to the average of the squared
difference in the pixel intensity between the original (1) and
decoded (K) images. This variable is calculated based on the
equation (8), where I, and |, correspond to the image length
and width [1,5].

m=—1n—1

Er-'..-lf.. z Z“fi,jj k()P

=0 j=b (7)

Pe=

I11. PROPOSED MODEL FOR IMAGE
TRANSMISSION

In Fig. 2 it is presented the proposed model for image
transmission using LoRa CSS modulation scheme. First step
is to decompose the image into a bit stream, where the
resultant sequence is clustered in SF bits. Each cluster
generates a decimal value corresponding to a LoRa symbol.
The CSS signal is generated and applied to a AWGN
channel model with a configurable SNR. The received
signal is applied to the CSS demodulator, obtaining the
received symbol, which allows the SER computation. For
each received symbol, the binary sequence is decoded to
obtain the BER value.
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Fig. 2.Proposed Simulation Model for Image
Transmission

A. Image Segmentation

In this paper it is only considered images in gray scale,
therefore, each one is interpreted as a matrix of i x j pixels,
where each pixel is quantified by 8 bits. In Fig. 3 it is
represented the image segmentation and decomposition into
a bit stream. The presented example corresponds to the
transmitted image | with j columns and i lines.

j pixels
>
A
1(1,2) | 1(1,2) 1(1,j)
1(2,1) | 1(2,2)
i pixels
: 16, j)
8 bit \
<>
I(1,2) |1(1,2) I(1,j) 1(i,1) IG, j)

Fig. 3.Image Segmentation

The decomposed image corresponds to a matrix with 1
line and i x j columns. As an example, for an image with 64
X 64 pixels, the decomposed matrix has 1 line and 4096
columns. For an 8-bit pixel this image size will be converted
in 32768 bit.

B. Simulation Results

The simulation results of the proposed model are shown
in Fig. 4, where each image corresponds to the received
signal. These results are obtained with an image with
128x128 pixels and SF=8, for different SNR values.

Fig. 4.Decoded Images under AWGN for SF=8
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In Table Il are presented, for each image, the
correspondent SNR, SER BER and PSNR. As depicted,
decreasing the SNR in 3dB the PSNR decrease but with a
higher rate.

Table- 11: SER and BER for different SNR values (SF=8)

Image SNR [dB] SER BER PSNR [dB]
@ -0.082 1.22e-7 3.82e5 38.83
(b) -12.08 0.0178 0.009 20.56
© -15.08 0.27 0.13 9.1
(d) -18.08 0.68 0.34 5.02

IV. SYSTEM EVALUATION

In this section it is presented the system evaluation based
on SER and PSNR as a function of SNR and SF.

A. SER Evaluation

Fig. 5 denotes the SER evolution vs SNR for SF values of
8, 9 and 10. As depicted for SNR values lower than -20 dB,
SER is greater than 10%, corresponding to the AWGN
channel effect. When SNR is greater than -17 dB it denoted
that, for the same SER it is necessary to increase the SNR in
3dB. As an example, for SF=7 and SER=0.01 this is
achieved with SNR = -12dB. However, for SF=8, for the
same SER value, decreases 3dB, corresponding to
SNR = -15dB. This is an important factor to consider, since
increasing SF by one SER, and consequently BER, will
decrease. However, increasing SF image transmission time
will double, as presented in Table I.

0.01 —8—SF=8
——SF=9
SF=10

SER

0.001

0.8001
-23 -21 -19 -17 -15 -13 -11 -9

SNR [dB]
Fig. 5. SER evolution vs SNR for different SF values

B. PSNR Evaluation

Image analysis based on the proposed model is presented
in Fig. 6 as a function of PSNR and SNR, for different SF
values. The PSNR values are obtained by expression (8). As
depicted, the impact of LoRa CSS modulation scheme is
noticed for values of PSNR above 15 dB, since when SF
decreases PSNR decreases 3dB. When PSNR is below 5 dB
the received image is imperceptible due to AWGN. The
obtained results are like work [1], however it was not
necessary to make any image compression.

Assuming the criteria proposed in papers the papers [1]
and [6], for SF = 8 the minimal PSNR is obtained for
SNR=-12dB.
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Fig. 6. PSNR evolution vs SNR for different SF values

V. CONCLUSIONS

This work presented an analysis of image transmission
using LoRa CSS modulation scheme. The main parameters
used in this study were SER, BER and PSNR as a function
of AWGN SNR values and LoRa spreading factor. In
LoRaWAN protocol, SF may increase to achieve longer
distances. However, increasing the SF value leads to an
increase in image transmission time, reaching values of
more than an hour for 58-byte packets. Therefore, a
compression relationship must be established between the
SF value and the transmission time. If there is a need to
increase the SF value by more than one unit, it is suggested
to introduce more gateways so that it is not necessary to
increase the SF value. Regarding to PSNR, the obtained
results show that for SNR values higher than -17dB the
AWNG effect is negligible, since PSNR is greater than
20dB. In these conditions it is recommended that SF
decreases to reduce the transmission time. Also, it is
important to consider the battery lifetime of the end device
responsible for this type of communication.

As future work it is proposed the study of prior image
processing, to transmit only the differences between the last
image and the new one. This option may involve greater
pre-processing but will optimize transmission time.

DECLARATION STATEMENT

No financial support or any
kind of funds, grants, or
financial support received.
There is no conflicts of
interest to the best of my
knowledge.

The article does not require
ethical approval and consent to
participate.

Funding/ Grants/
Financial Support

Conflicts of Interest/
Competing Interests

Ethical Approval and
Consent to Participate

Availability of Data
and Material/ Data
Access Statement

Not relevant.

I am only the sole author of

Authors Contributions .
the article.

REFERENCES

1. F. Chaparro B., M. Pérez, and D. Mendez, “A Communication
Framework for Image Transmission through LPWAN Technology,”
Electronics, wvol. 11, no. 11, p. 1764, Jun. 2022, doi:
10.3390/electronics11111764.
https://doi.org/10.3390/electronics11111764

2. D. Eridani, E. D. Widianto, R. D. O. Augustinus and A. A. Faizal,
"Monitoring System in Lora Network Architecture using Smart

Retrieval Number: 100.1/ijitee.L 975311121223

DOI: 10.35940/ijitee.L9753.11121223
Journal Website: www.ijitee.org

Gateway in Simple LoRa Protocol," 2019 International Seminar on
Research of Information Technology and Intelligent Systems (ISRITI),
Yogyakarta, Indonesia, 2019, pp. 200-204, doi:
10.1109/ISRIT148646.2019.9034612.
https://doi.org/10.1109/ISRIT148646.2019.9034612

3. C. -C. Wei, S. -T. Chen and P. -Y. Su, "Image Transmission Using
LoRa Technology with Various Spreading Factors,” 2019 2nd World
Symposium on Communication Engineering (WSCE), Nagoya, Japan,
2019, pp. 48-52, doi: 10.1109/WSCE49000.2019.9041044.
https://doi.org/10.1109/WSCE49000.2019.9041044

4. T. Chen, D. Eager and D. Makaroff, "Efficient Image Transmission
Using LoRa Technology In Agricultural Monitoring loT Systems,"
2019 International Conference on Internet of Things (iThings) and
IEEE Green Computing and Communications (GreenCom) and IEEE
Cyber, Physical and Social Computing (CPSCom) and IEEE Smart
Data (SmartData), Atlanta, GA, USA, 2019, pp. 937-944, doi:
10.1109/iThings/GreenCom/CPSCom/SmartData.2019.00166.
https://doi.org/10.1109/iThings/GreenCom/CPSCom/SmartData.2019.0
0166

5. A Jebril, A. Sali, A. Ismail, and M. Rasid, “Overcoming Limitations of
LoRa Physical Layer in Image Transmission,” Sensors, vol. 18, no. 10,
p. 3257, Sep. 2018, doi: 10.3390/518103257.
https://doi.org/10.3390/s18103257

6. “LoRa  Technology.” [Online]. Available: https://www.lora-
alliance.org/.
7. “EByte Module 868 Mhz” [Online]. Auvailable:

https://www.cdebyte.com/products/E32-868T30D/1

8. Razia, Dr. S., Reddy, M. V. D., Mohan, K. J. S., & Teja, D. S. (2019).
Image Classification using Deep Learning Framework. In International
Journal of Recent Technology and Engineering (IJRTE) (Vol. 8, Issue
4, pp. 10253-10258). https://doi.org/10.35940/ijrte.d4462.118419

9. Sivasankari, Mrs. K., Singh, S., Kumar, K., & Dubey, A. (2021). A
Robust and Dynamic Fire Detection Algorithm using Convolutional
Neural Network. In Indian Journal of Image Processing and
Recognition (Vol. 1, Issue 2, pp. 6-10).
https://doi.org/10.54105/ijipr.n1007.061221

10. Prakashkumar, S., & Beschi, I. S. (2019). Social Communications
using Big Data Applications. In International Journal of Innovative
Technology and Exploring Engineering (Vol. 8, Issue 9, pp. 3324—
3326). https://doi.org/10.35940/ijitee.i9008.078919

11. Priyanka, R., & Reji, M. (2019). IOT Based Health Monitoring System
Using Blynk App. In International Journal of Engineering and
Advanced Technology (Vol. 8, Issue 6, pp. 78-81).
https://doi.org/10.35940/ijeat.e7467.088619

AUTHORS PROFILE

Vitor Fialho, BsC, MsC, PhD. He received the MsC

degree in 2008 from Instituto Superior Técnico

(University of Lisbon) and PhD in 2017 by Faculdade de

Ciéncias e Tecnologia (New University of Lisbon). Since

2009 he is a member of the teaching staff at Instituto

Superior de Engenharia de Lisboa, Portugal. His research
interests are RFIC design and RF transceiver characterization, Signal
Processing and Internet of Things.

Disclaimer/Publisher’s Note: The statements, opinions and
data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of the Blue
Eyes Intelligence Engineering and Sciences Publication
(BEIESP)/ journal and/or the editor(s). The Blue Eyes
Intelligence Engineering and Sciences Publication (BEIESP)
and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods,
instructions or products referred to in the content.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


https://doi.org/10.35940/ijitee.L9753.11121223
https://doi.org/10.35940/ijitee.L9753.11121223
http://www.ijitee.org/
https://doi.org/10.3390/electronics11111764
https://doi.org/10.1109/ISRITI48646.2019.9034612
https://doi.org/10.1109/WSCE49000.2019.9041044
https://doi.org/10.1109/iThings/GreenCom/CPSCom/SmartData.2019.00166
https://doi.org/10.1109/iThings/GreenCom/CPSCom/SmartData.2019.00166
https://doi.org/10.3390/s18103257
https://www.cdebyte.com/products/E32-868T30D/1
https://doi.org/10.35940/ijrte.d4462.118419
https://doi.org/10.54105/ijipr.b1007.061221
https://doi.org/10.35940/ijitee.i9008.078919
https://doi.org/10.35940/ijeat.e7467.088619

