DEBEris

= 21-46-01-01 The Journal of Korean Institute of Communications and Information Sciences *21-01 Vol.46 No.01
https://doi.org/10.7840/kics.2021.46.1.1

ARRES AT AT A2 e
53 4D-8PSK-TCM

2 &, A

, ‘m

Design of Adaptive 4D-8PSK-TCM Based on CNN
for Low-Complexity
Song Kim®, Jae-Hyun Kim’
2 o
TANE B8 AulaE AFs] e B Tk ARl 2 dlele AE slge] a7Heh ¢ dl
olg] Alx®l A9 AAE A4S T dE]] X-Eedlke] 1% A 7]E= four dimensional

8-ary phase shift keying trellis coded modulation (4D-8PSK-TCM)-S Hwslx gk Ax|ed B35 98 T-<4
g]Z° 2 4D-8PSK-TCM2] A4k —‘ixu}g,:_"g' A 4 9l BlE ouA] o] #-3R](E,/N,, energy per bit to

noise spectral density ratio)”} 32 FZlol|A] HIE 2 Eg{BER bit error rate) A5 A3y} WAs= TAIFH]
oltl. E =Roxi: 4D-8PSK-TCM A|2®le] 4 Q4o el Adusiy =E g/, F2A 7E

4D-8PSK-TCM A|2~Hl°] BER A= AlskH At Balws astelr] Sl Alee] g/n& 5298t T-2aL
<2 JRiPlEE A8k CNN 7|t 453 4D-8PSK-TCM Al~Rle AdAIRI,

Key Words : satellite communications, 4D-8PSK-TCM, T-algorithm, CNN

ABSTRACT

To provide services through satellite constellation requires more frequency resources and high-speed data
transmission technology. The consultative committee for space data systems (CCSDS) recommends four
dimensional 8-ary phase shift keying trellis coded modulation (4D-8PSK-TCM) for a high-speed transmission
technology in the X-band, which is a frequency band for low Earth orbit satellite communication. The
4D-8PSK-TCM can reduce computational complexity with T-algorithm, however there is a problem with
degraded bit error rate (BER) performance in high energy-to-noise specific density ratio (£,/~,). In this paper,
we explain the components of the 4D-8PSK-TCM system and design a CNN-based adaptive 4D-8PSK-TCM
system that applies the parameters of T-Algorithm by estimation the £,/N, of signal to maintaining BER

performance and minimize computational complexity for every E,/N,.
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Fig. 9. Constellation diagram image according to £/N,
of symbols
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Table 2. Data labeling according to E/N,

E/N, Transmission efficiency

2.0 2.25 2.5 2.75
0 0.4 0.3 0.2 0.1
1 0.5 0.3 0.2 0.1
2 0.6 0.4 0.2 0.1
3 0.6 0.4 0.2 0.1
4 0.6 0.5 0.3 0.1
5 0.6 0.5 0.3 0.2
6 0.6 0.5 0.4 0.2
7 0.6 0.5 0.4 0.3

E 3. CNN 3% F2}vle]
Table 3. Hyper parameters for CNN

Parameters Values
# of input data 54,000
activation ReLU
convolutional layer
dropout 0.25
pooling layer method Max pooling
fully connected L RelU,
activation
layer softmax
optimizer Adam
tegorical
loss function categorica
cross entropy
epoch 50
batch size 25
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E 4. CNN9| %
Table 4. Architecture of CNN

ey Input size Filter size Output size
(w, h, c) (w, h, ) (w, h, c)
conv-1 (50, 50, 1) @3, 3, 12) | (48, 48, 12)
pool-1 (48, 48, 12) 2, 2 (24, 24, 12)
conv-2 | (24, 24, 12) (3, 3, 24) | (22, 22, 24)
pool-2 (22, 22, 24) 2,2 (11, 11, 24)
conv-3 (11, 11, 24) @3, 3, 48) 0, 9, 48)
pool-3 O, 9, 48) 2, 2 (4, 4, 48)
flatten (4, 4, 48) - 768
fe-1 768 - 512
fc-2 512 - 128
fc-3 128 - 32
fc-4 32 - 8
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vl v Z27] witell AXE BAE] 3] o] 52
°é131‘?i A4 E/N, 54 715 AAseRRich
#3 9 7]5HESA, European space agency)2] A
A= $4 F shtael AlEdl-1(Sentinel-1) ¢4 oll+=
4D-8PSK-TCM A|glo] BiAlj=]e] glom ajde
640 Mbps®| &E2 HlolelE AFst 5 el o]
of wpe} AlEeo] el dHlolel= 640 Mbps2] <=
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Table 5. Computational complexity of adaptive decoder
based on CNN

Unit Transmission efficiency
20 [ 225 [ 25 [ 275

ACSU 967

IGU 460,801

CNN 3,344,960
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CNN
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