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Abstract: In this paper, we propose a new data imaging technique for DMRS(Demodulation Reference
Signal) index classification in a real-world 5G network environment. The proposed imaging technique
utilizes the amplitude values obtained from these two data while maintaining the original values of the
In-phase and Quadrature-phase parts of the signal. This approach forms a structure similar to the
RGB(Red-Green-Blue) color model used in conventional images, using these three pieces of data. As a
classification model, a light-weight CNN(Convolutional Neural Network) model was constructed,
which is a well-fitted neural network model for image processing. The data is collected in a real 5G
environment to confirm the feasibility and applicability in the real 5G system. The performance of the
proposed scheme is evaluated in terms of the index classification accuracy, the imaging time, and the
model learning time while comparing with the benchmark methods in literature such as GASF(Gramian
Angular Summation Field), GADF(Gramian Angular Difference Field), and MTF(Markov Transition
Field). The proposed imaging technique showed a higher accuracy of at least 24% in all SNR(Signal-
to-Noise Ratio) levels. in terms of imaging time, while the existing imaging methods of the same
dimensions took around 1.5 seconds for two GAFs and approximately 95 seconds for MTF
preprocessing, the proposed imaging technique demonstrated a faster preprocessing speed of about 0.7
seconds. Additionally, when considering model training time, the conventional imaging methods that
achieved the best classification accuracy required approximately 212 seconds to complete training. On
the other hand, the proposed imaging technique significantly improved time efficiency with a training
time of approximately 133 seconds. This accelerated training speed led to a substantial enhancement in
time efficiency while maintaining a high level of accuracy.
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[Table 1] DMRS Signal Details used in the Experiment

Details
-2.51dB, -2.74dB, -2.81dB, -2.99dB, -3.13dB, -3.42dB, -

SNR(dB) 3.7dB, -4.11dB

Index 8 Integer Indexs
Complex Data 144(In-phase), 144(Quadrature-phase)

(1-Sequence) 144 * 2 = 288(1-Sequence)
Sequence by Index 20000 (Data per Index)

Sequence by One SNR 20000(Sequence) * 8(Index) = 160,000

DMRS Al&+= 87F4] SNR #HgoA = lom b Qe =nit} 20,000712] A%
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[Fig. 1] DMRS Imaging Results by Element
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[2¥ 119 (a), (b), (o) 272t AFFe sy, %S AQ)7HAe AAHS S35l
olm| x| skt Afolm slife] AHHRE Ztal lom=m Tgo] A7 U (Gray-Scale) oW X7}
AddEn (298 119 (dE (a), (b), () ©IWIAE RGB RS FAs= Al 72 A&l
TR o R Bl HE AQ)7HA AEE oln et AAHE oluA= A tIE
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[Table 2] CNN Model Structure used in Experiment

Layer Filter Size Output Size
Input - 12x12x 3
Conv 2X2x16 11x11x16
Conv 2x2x8 10x10x 8
Batch Normalization - 10x10x 8
FC - 1024
Softmax 8

YHZT2 oluAgE AlA2 "oy o A7]E 7FAH the /3 (Convolution) 5ol A
16709] 2x2 FH 879 #2 Alo]= HEHE AHFH o= ALGelal AAHe] w2l
P TS b7l flel wix B tSk(Batch Normalization)[12]5  AFH&-&ktt. A

7} & o] F-ol| = FC(Fully Connected) s 7733l 8t5ate] 7E P grt. o
o, FF F/7FE P35t Softmax 59 Output Size= ZHF A9 29 749 ).

T s=rdAde dYs EF 2RSS fe] ZF SNRel wel RES Shgsiglon
dolH = 8 : 29 H|&E=Z 8h5 dl©]E{(Train Data)®} E|~E o] E|(Test Data)E Y-7il
U g5 dlole & oAl 8 : 29 HIER HF Ty dlolH 9t A5 ulo]E(Validation
Data)E Wr3lth stgo] xaid uf, =de] 44L& [ 3]% 2

[ 3] g5l AMeE 2d mhejalE] A7

[Table 3] Model Parameter Settings used for Training
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Type Value
Loss Function Sparse Categorical Cross Entropy
Optimizer Function Adam(Adaptive Moment Estimation)
Epoch 100
Batch 256
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[Table 4] Memory Usage by Image Size

Existing Imaging Proposed Imaging
Input Shape
12x 12 x 2 24 % 24 X 2 36 x 36 X 2 12x12%3
M
emory 368,640,000 1,474,560,000 3,317,760,000 552,960,000
Usage(Byte)
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[Fig. 2] Imaged DMRS Index Classification Accuracy Performance Comparison according to SNR

[E 5= QA dolEel teA olmMAst AgHs] A olvA AR AN
SERglen o) BE SNRAA Altel olmAE Mol A T A math
EF (29 2004 B Qe olmA Abel=h FASEA oddzs B FEEd
HEE P BFEE AE oMAS AWES oA AN AZE A sk
W Alokehe olulAE JPEe J1E wwmn e oluAs Axe Az Fe
Qe BF AHEEG 23 glo} AP olvAF P B 5 guk

(3 5] AISkEl o] x| ste] SNRe] whE dHlo]E] o]z A%t % vl

[Table 5] Comparison of Data Imaging Time Performance according to SNR of Proposed Imaging

Pre-processing Time(s) SNR (dB)
Input Shape Image 2.51 -2.74 -2.81 -2.99 -3.13 -3.42 -3.7 -4.11
GASF 1.51 1.52 1.51 1.51 1.53 1.52 1.51 1.51
12x12 % 2 GADF 1.52 1.53 1.52 1.53 1.52 1.53 1.51 1.51
MTF 94.74 96.45 95.47 94.88 94.95 95.42 94.32 97.48

GASF 4.01 4.20 4.15 4.00 3.96 4.21 4.14 3.99
24 X 24 X2 GADF 4.44 4.39 4.40 438 4.39 4.39 4.49 4.40
MTF 104.19 104.11 103.56 104.12 104.32  103.03 102.96 103.58
GASF 8.70 8.68 8.77 8.80 8.75 8.92 8.83 8.80
36 X 36 X 2 GADF 8.62 8.71 8.65 8.67 8.70 8.68 8.73 8.78
MTF 11570  115.28 115.00 114.54 114.70 11535 11491 115.75
12x12x3 Proposed 0.77 0.77 0.78 0.77 0.77 0.77 0.77 0.78
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[Fig. 3] Comparison of the Training time of the Imaged Index Classification Model according to SNR

w =0l DMRS Ex E7E 93 dolg olwx3s} 7l s Atk
Aeke ofm A et e AAl ghe FAsHA ge SE *Hi$ HolH & F7}s}o]
ol A E AAFT AAFE o|n| A= AA o|u| A7} zta 9= RGB AMAF mdle] Fxo)
Zom o5 Fal 7= olnA] g5 UG CNNS Fal g i REs At
@S’é‘} o ARk olmX|3te] s HIFE fls) 7= oIm A3k 7]%<]l GASF, GADFE

TFO] Ale]=E S7RAZIHA &7 Aol ofm|x8} AlZh, St AlRbe wlalshgivt
*“é% %H AEE oW A3} 7ol RE SNROA QlEx R ggwel o]uA| 3}
AIZE Sl -3t des Bela B9 sk A gk AlRksk= ow A3k 7 T}

=]
Input Shape7} 2Fe 12x12x2 O A& ALt

Copyright © 2023 KCTRS 99



Lightweight Data Processing Scheme based on Machine Learning for 5G DMRS Index Classification

GF ATRE /1E dolHE FAFUA & Y5 ol doly AFas ek
wdel AYs AT AFE AVT AR, I 5 US Aol A Sl
4 AW 71%e AEFORM A5Y NAT AT slelatrE st

6. ZAY] =

o] =& X%H(J,].ﬁl-ﬂ AR EAR )_,] zHOJoi ?_5]—%@?1]]‘:]'9] 2L wrol F2EE

Aol (No.  2021R1A2C2095289), 2021 %= LI EABREAIR) e APdor
AHFA7E 71 A L& whol ?i?%‘ (No 2021-0-00165, 5G+ *|5& 7|A=
AZES] ER i) =3, 20228bdE SEOiSta AtdAl Aol 9)she]
A5 A=

References

[1] Vaibhav TIWARI, Girish Chandra Tripathi, Meenakshi Rawat, Deep Learning-Based Modulation Classification of
Communication Signals, Recent Trends in Electronics and Communication: Select Proceedings of VCAS 2020,
Springer Singapore, (2022), pp.747-759.

DOI: https://doi.org/10.1007/978-981-16-2761-3_66

[2] Weiwei JIANG, Graph-based deep learning for communication networks: A survey, Computer Communications,
(2022), Vol.185, pp.40-54.
DOI: https://doi.org/10.1016/j.comcom.2021.12.015

[3] A. Sharma, E. Vans, D. Shigemizu, K. A. Boroevich, T. Tsunoda, Deeplnsight: A methodology to transform a non-
image data to an image for convolution neural network architecture, Scientific reports, (2019), Vol.9, 11399.
DOI: https://doi.org/10.1038/s41598-019-47765-6

[4] Z. Zhang, C. Wang, C. Gan, S. Sun and M. Wang, Automatic Modulation Classification Using Convolutional Neural
Network With Features Fusion of SPWVD and BJD, IEEE Transactions on Signal and Information Processing over
Networks, (2019), Vol.5, No.3, pp.469-478.

DOI: http://doi.org/10.1109/TSIPN.2019.2900201

[5] Qian MAO, Fei Hu, Qi HAO, Deep learning for intelligent wireless networks: A comprehensive survey, IEEE
Communications Surveys & Tutorials, (2018), Vol.20, No.4, pp.2595-2621.
DOI: http://doi.org/10.1109/COMST.2018.2846401

[6] Park Ji-Yeon, Seo Dong-Ho, Nam Hae-Woon. Deep-Learning-Based Automatic Modulation Classification Using
Imaging Algorithm, The Journal Of Korean Institute of Electromagnetic Engineering and Science, (2021), Vol.32,
No.4, pp.328-333.

DOI: https://doi.org/10.5515/KJKIEES.2021.32.4.328

[71 Zhiguang Wang, Tim Oates, Imaging time-series to improve classification and imputation, arXiv preprint
arXiv:1506.00327, (2015)
DOI: https://doi.org/10.48550/arXiv.1506.00327

[8] G. R. Garcia, G. Michau, M. Ducoffe, J. S. Gupta, O. FinkM Temporal signals to images: Monitoring the condition of
industrial assets with deep learning image processing algorithms, Proceedings of the Institution of Mechanical
Engineers, Part O: Journal of Risk and Reliability, (2022), Vol.236, No.4, pp.617-627.

DOI: https://doi.org/10.1177/1748006X2199444

[9] Zhiguang Wang, Weizhong Yan, Tim Oates, Time series classification from scratch with deep neural networks: A strong
baseline, 2017 International joint conference on neural networks (IICNN), IEEE, (2017), pp.1578-1585.
DOI: http://doi.org/10.1109/IJCNN.2017.7966039

100 Copyright © 2023 KCTRS


https://doi.org/10.48550/arXiv.1506.00327

Lightweight Data Processing Scheme based on Machine Learning for 5G DMRS Index Classification

[10] Ji Yoon Han, Ohyun Jo, Juyeop Kim, Exploitation of Channel-Learning for Enhancing 5G Blind Beam Index
Detection, IEEE Transactions on Vehicular Technology, (2022), Vol.71, No.3, pp.2925-2938.
DOI: http://doi.org/10.1109/TVT.2021.3140019

[11] S. Kang, T. Lee, J. Kim, A. -R. -S. Lee, J. Kim, O. Jo, Intelligent Index Classification Method Based on Machine
Learning for Detection of Reference Signal in 5G Networks, IEEE Access, (2023), Vol.11, pp.100810-100822.
DOT: https://doi.org//10.1109/ACCESS.2023.3314167

[12] Sergey loffe, Christian Szegedy, Batch normalization: Accelerating deep network training by reducing internal
covariate shift, arXiv:1502.03167, (2015), pp.448-456.
DOT: https://doi.org/10.48550/arXiv.1502.03167

Copyright © 2023 KCTRS 101



