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Abstract: [Objective]JAffected by factors such as atmospheric attenuation and atmospheric turbulence, wireless laser communi-
cation will produce a certain degree of bit error, and it is often necessary to add error correction codes to improve the signal
transmission quality. Low Density Parity Check codes (LDPC) have performance close to the Shannon's limit, and their error-
correcting ability will increase significantly with the increase of codeword length. For codes with a large length of information
segment, when each code corresponds to an Ethernet frame, its encoding efficiency will be seriously affected. Designing the
transmission method for Ethernet frames in a way that allows both different speeds and lengths of Ethernet frames to fully le-
verage the encoding and decoding efficiency is crucial for enhancing the transmission rate of Ethernet data sources. [Methods]
Based on the LDPC (4 050, 2 700) encoding with a data bit width of 16 bit, this paper designs a gigabit network service trans-
mission method. The functions of each module are clearly divided, and the state machine is used in the design of the module.
Therefore. the problems in the design process can be quickly located, and the development efficiency is very high. Setting an
appropriate operational cycle at the transmitting end to process Ethernet frames, through operations such as framing, packet
assembly, and filling with random sequences, enables Ethernet traffic of different frame lengths and rates to adaptively match
the information segment length of the LDPC encoding module, thereby fully utilizing the efficiency of LDPC encoding. Each
Ethernet frame can be finally recovered by deframing at the receiving end. [Results)Finally, this article verified the design
scheme on the Field Programmable Gate Array (FPGA) board of XILINX, and tested the transmission rate of Ethernet data
with different frame lengths by using a gigabit network tester. The results show that the data rate can reach the limit rate of
1 Gbit/s. Afterwards, different services such as video and files are successfully tested. [Conclusion]The article proposes an
Ethernet service transmission method specifically designed for scenarios where the information segment length exceeds the Eth-
ernet frame length, enabling it to accommodate Ethernet data transmission with varying lengths, rates, and types of services.
The efficiency of the encoding module can be fully utilized to meet the demand for high-speed Gigabit Ethernet service transmis-
sion in wireless laser communication.

Key words: Ethernet; LDPC; FPGA; laser communication; high speed

W A . 2023-09-03 5 & 1] [ #1:2023-10-14;; HRS R R H B - 2024-12-10

EF A TR AR (1994 —) T3 i db A S A . Wi, BT 5 Il 2k T 420G {5 R 26 o 2kl 15 5 b 3 45

WASVEE kAR i+, E-mail:zhang_ xiaole309@163. com

© Editorial Office of Study on Optical Com munications. This is an open access article under the CC BY-NC-ND license.

23010001



O 38 5 WF 5

2024 4F 6 EEE 246 1Y

0 3| B
T 42 O 3 15 2 G0 ELAT A S 6 3 1 R A

PR VEUF 5508 22000 0, 7T LA A% B A ) 305 1 B4l i
LR LY (o SN R S A DAY S 15~ S (T
JCAR 5 78 KR T8 A% iy I, ] BE 23 52 B KU
Y QA NG R QA - AL U B TR R R A
P18 5 Mg L R g 1) R A 23 IR ok e 135 10 g AN M BE
PRI I e B 380 2 B o A ok B e R By b T e
FET AR B A R 8 (Low Density Parity
Check code, LDPC) g fith B A £z 3 7 4 B R 1 1 g
S A i it 8L 1 AT A T Bz — T LA R
o 38 {5 BT, BTz N e OGE fF e,
AR SCTEHUHE 7 96 R 16 bit B LDPC (4 050, 2 700)
St / fff A R b0 B AR B R G R AT T B SR X
LR 504 375 B A% i 0 5 =X il ke 7 JE R BOG AR
F R A i AR A S A A5 2% b BT IR LR Rl 55
ORI

F T LUK Rl 55 (9 it /s F 2 A A8 B £ L B i

JEZ o B[] LK Ml 55 549 ot KA [] o 25 44 i — it 2R
o0 50 485 1L 78 2 g B A5 T A L Bk AT Ak B U B LA
K Ml 55 WA 8 A AT o 2 / A B 170 ) P 46 R AT
23 BRI DL R Y A e . AR SR T
XILINX 23 A B9 337 7] 4 #2171 B4 %1 (Field Program-
mable Gate Array, FPGA) T {4:4E N3 &, X LK M
BE e AT T80, &SR RIE, X T AR
R Y LR W B s L TR F) 1 Gbit/s A% i
A, JF H 2 0 25 3 ARARAR I B — o LA K ) 540 25 T
B AT Ak T S AR SO A R 55 B AR
i o

1 EEERSESR

TC LR O 28 oy Bl b B R SR HE P an 18] 1 P s
F2 B G T IR LK o 540 I 0 AR e | 5 ) e A T
BT ZH MR R DR AR A7 S e R I Bl P
FIREHL (LDPC % /fff A5 B | ik 4SS B AT J6 LU e
i % %% (Gigabit Transceiver Extreme, GTX) K £k
R

won | T %104 U ARE T ARERR A AR T LDPC FAE G |
S Z&;g_’ﬁi i ;ﬁﬁ;_>;j_+%@ﬁk i&%g wmw*ii——*
closwan® T F T T f 0 F T T s 4
i | 200 Mbi/s % % i 4 | #
iifzf'fis_ Mbit/s,, i l l L 125 Mbit/s ;
ol | 00 % 45 2 AR % 3 5 3 o

A1 REHEELZAFTAERAIER

Figure 1 Block diagram of wireless laser terminal baseband processing system
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Figure 2 Output frame format of framing module
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Figure 3 Transition diagram of framing

module state machine
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module state machine
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