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Performance evaluation of decoding algorithms for DTMB—-based passive radar
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Abstract: Low-Density Parity-Check code(LDPC) decoding is one of the key steps in reference signal
reconstruction of passive radar. Decoding algorithms can improve data bit errors caused by noise, but with
the high complexity. Combining high memory throughput and tremendous computational horsepower of
GPU graphics processor, this paper proposes three types of parallel LDPC decoding algorithms suitable for
GPU processing based on hard, mixed, and soft decisions. The complexity, decoding performance, and
impact on radar signal processing of the three types of algorithms are described; finally, a parallel GPU
implementation scheme is given, and the real-time time-consuming of the algorithms is compared. The
simulation and measured results verify that the soft decision parallel algorithm is superior to other
algorithms on performance and effectiveness.
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Fig.1 Process of digital signal reconstruction
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Tablel Attribute parameters of the check matrix
mode ratio(R) rows(N) columns(M) row weight column weight sum of weights(Z)
1 0.4 4445 7493 718 3/4/11 34925
2 0.6 2921 7493 12/13 3/4/7/16 37592
3 0.8 1397 7493 26127 3/4/11 37338
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Fig.2 Performance of decoding LDPC based on DTMB Fig.3 Time consuming of decoding LDPC based on DTMB
[l 2 3£F DTMB %ifi% 19 LDPC figtid PR 3 5T DTMB 4wfi%fiY) LDPC fi# o FERT

2 HEEEX BARERMERE R R 53 AT

SCHR[AIA B T iR R 5 2 P Ml A VCECIE DL A O R ¢ @) IRADFRBAIG, e ik 4m il 5 VU Fd & 9% M fE i 4r 5 b)
LI 4QAM EERI NG, 4 BER <1072 if, Hyi% % R FRAGAT o 1 VT L 38 9 2500 ok 366 Bl TRaE o N, Kok
— 2B AN TR] £ At B 1 o 2% I8k 100 ) A DT T 0 I 1) R



55 5 1] AMERZESBEFEEFER 834

21 TEHEREER

AR 3 a7 B E A [ 24 Al ok 2% ol o RN DG S B8 U AR e . O XS 8T A . LDPC 4K R A 0.4,
BEMLS R 32QAM, Wik AL PN420, SR R RERRECH 10 k. ik, WESHA 1 A HRY 4
%z, ZRESHEWRILS M R 30:27:23:25dB, HIRfEMLE 15dB. 2% FSH 1 FERE 2 £24%, H
WA 0:-9:-13dB. ZFF 5400 a) A#EATLH . b) &Lk BF Hik4fE . c) Lk WBF kg4, d)
23t NMS 5k T 5 S Ab B4R 50 200 2 0% S R UC B g, S EIE 4. 5 A9 A P H R I B 22 3
(Range-Doppler, RD)i&% L HFR{EMEL . 22 P Mdl LS FMHIATE R oeE 2 2. BinfEM S FHRIGEMHES
RD i M IS 2 25

WAL BT, AR SCRT DUOK B AR MR LAy 3 HeIX . X4k 1(SNR<15dB): i TR RE R, ML AsE
RAEERE S, R AT AR, XL 2(15 dB<SNR<32 dB): LB 2| H5 515 (NMS Bk IL, nl DA o B AR 65
VAT LIAT A, SEAT Sl 45 A0 A0 BRSO B AR TR Al B A Ab BEALR ;. IX 3k 3(SNR>32 dB): LA IR R AL, Fr
DU AT ] Bl %) A 355 SR 38 0T 2 5 i A A FRRSOR R R R R B A 4

30 T T 40 3

| |
I |

m | |

3 ] |

s 20| I | 30

g | I )

2 zerol | I zero3 2

8 ! ' 2

8 | I =

=) I I &

g 10 | ! b : £ )

=2 P >t no decoding | no decoding

° Qﬁf —p>—BFalgorithm | | d —p— BF algorithm
| —<t+— WBF algorithm | | —<— WBF algorithm
| NMS algorithm | —#— NMS algorithm

0 1 1 1 1 10 1 1
10 20 30 40 20 30 40
Rsn/dB Rsn/dB
Fig.4 Effect of different decoding algorithms on clutter Fig.5 Effect of different decoding algorithms on matched filtering
suppression in simulation data in simulation data
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Table3 Measured data information
numbering sampling location sampling time sampling frequency/MHz frame header mode constellation pattern LDPC rate

1 Henan Province 2019/09/08 538 PN420 16QAM 0.6

2 Inner Mongolia
Autonomous Region

2018/09/18 762 PN420 4QAM 0.8
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Table4 Video memory occupied by decoding algorithms

BF WBF NMS

[(8+N)x4+(6+M)]xP(B)~33.65P/32.16PI30.67P(KB)  [(N +M)x4+(6+M)|xP(B)~50.98P/43 54P/36. 10P(KB)  [(L+N)x4+(6+M)]xP(B)~170.04P/178.97P/176.49P(KB)
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Z'K iy @ L’fﬁﬁ 17 % 7 GPU }JF{T% IJL‘ EI/J Qq %ﬂ% {ZE HT )& hardware CPU Intel(R) Xeon(R) E5-2620
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Table6 Time—consuming of decoding algorithms

i BF WBF NMS
maximum number of
iterations CPU-time  GPU-time speedup ratio CPU-time  GPU-time  speedup ratio =~ CPU-time  GPU-time speedup ratio
/s /ms (CPU/GPU) /s /ms (CPU/GPU) /s /ms (CPU/GPU)
10 times 35 0.3 11.7e3X 5.6 0.4 14e3X 17.0 0.4 42.5e3X
50 times 17.0 1.9 8.9e3X 25.6 22 11.6e3X 81.9 2.0 41.0e3X
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