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Design of high-speed parallel clock recovery algorithm based on FPGA

Tang Ruixin Liu Wenzhong Zhang Junjie Li Yingchun Zhang Qianwu
(Key Laboratory of Specialty Fiber and Optics Access Networks, Shanghai University, Shanghai 200444, China)

Abstract: In a high-speed satellite data transmission system, inevitable symbol timing offsets exist between
transmitters and receivers, and Doppler effects further amplify these. These issues can be effectively corrected by
clock recovery algorithms. However, existing clock recovery algorithms often suffer from performance degradation due
to a large number of parallel processing paths, high implementation complexity, making it difficult to meet the
requirements of higher symbol rate and greater timing offset tolerance in resource-constrained systems. Thus, this
paper proposes an optimized parallel implementation architecture based on traditional feedforward clock recovery
structure. By redesigning the architectures of the timing controller, interpolation filter, and symbol extraction module.
the proposed structure enables efficient symbol timing recovery with two samples per symbol. Simultaneously. the
LEE timing error detector is enhanced to improve timing error estimation accuracy and timing f{requency offset
tolerance. Simulation and FPGA board-level tests demonstrate that the proposed architecture can tolerate timing
frequency offset up to =1 000 X 10 ° under QPSK modulation, and has a stable bit error rate in long-term tests.
Furthermore, when implementing a real-time receiver system with 2.5 GBaud symbol rate, the proposed parallel
structure saves about 36 % of the LUT resources, more than 45% of the Register and about 20% of the DSP resources,
showing significant value in resource-constrained high-speed real-time communication systems.
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Fig. 1 Traditional feedforward clock recovery loop system model

1.2 FHITH SRS &gt

A R e T R LB 5 SR AR SCEE T A% B T A5
PR S R B AN LEE S50 7 32 10 T IR 2 JT R 9 9F AT
PRI IR R EE R . R TR AL GE I iR S R o A E I 1 22
G AL R A6 1L 08 D2 e R RE P42 o 4 A5 BRSO AT 2 51 4 i
GIA T IFATAE S A OB P 15 S I (B . IR AT 2 I R 22
ARG 5 A R SR P S 9 I 00 Al B ) LEE 2 I 5 2 A6
Tk BT I O 22 2 2 B A RS B 5 A7 i 4 il %
R A0 58 22 A 8 A AR I 97 02 B 0 ) Rl 9 4 O A
5 AD_flag s AT U8 B A% R B 2> Be iy e di (.
i TEDRIEAR (EDRS B2 09 ) IS 920 1 B8 8030 6 5 IR A7 4 54l
HROREE AR A8 38 115 75 15 5 HEAT AT 5 il MG S8 3R AR B B

« 19 .



949 B 2 F o

T # K

TR FEIATARAGDE D AR 19 M55 SRR . %I AT
PR S5 SR 2M R AT A C MO IRAT AT 5 RO L B
3 A8 B A I SR DT B T 1 e il Ak PRLE ) L 3
T Eir s DR RS

3 ] ) 3
Xipu xf ¥ symbol|
1 v
*f b & x5 3 [ symbol |
N N 7t 2 3 —
, T ol
#h JE g
| b ol .
. . . yymbol
xZA.\[*D M| xl"\[ %g yf[ *iu
valid
u‘:l:l:'ndex"

1
3
% AD fla;
x ' flag
i
Er

f

= |

l
el

P2 JREATIN Bl 2 35 i 45 1

Fig. 2 Parallel clock recovery loop architecture
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Fig. 3 Parallel timing error detection architecture
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Fig. 7 Parallel symbol extraction module operation flow
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