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Non-coherent Demodulation Algorithm for PCM/FM Signal Based on GPU

Sun Kuanfei, Yang Wen’ge, Jiao Yiwen, Teng Fei, Gao Zefu
(Department of Electronic and Optical Engineering, Space Engineering University, Beijing 101416, China)

Abstract: With the increasing diversification of future-oriented tasks and the increasing complexity of test environment,
the traditional pulse code modulation/frequency modulation (PCM/FM) telemetry system based on FPGA has some
shortcomings, such as the tight coupling of hardware and software, the long development cycle, and the difficulty of
upgrade and maintenance. It can not meet the needs of large-scale deployment of future telemetry systems for elasticity,
flexibility and agility. In order to solve the above problems, a GPU-based non-coherent demodulation method for PCM/FM
signals is designed. The parallel demodulation method based on GPU is designed according to the algorithm principle and
GPU parallel method and the parallel implementation method of specific modules is analyzed from the 3 parts of parallel
digital down conversion, parallel FIR filtering and parallel differential frequency discrimination. The experimental results
show that the non-coherent frequency discrimination process based on GPU consumes about 426. 867 ms when the code
rate is 10 Mbps and the data is processed every second, which meets the real-time requirements of demodulation, the
demodulation gain is slightly better than the traditional PCM/FM telemetry baseband based on FPGA, with about 0.1 dB
demodulation gain.
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GPU. FAHZ 5 SEON: B 1R 3 %
N 56 MHz, 33N 2 Mbps, JEJH 25k 30N 36,
%%, FH Matlab () fdatool T2 &t H FIR JEUK
#%, FIR JEUE# MR ol 12 B
0

,10 -

_20 -

_30 -

& J%/dB

,40 -

_50 -

,60 -

_70 1 1
0 5 10 15 20 25
37 & /MHz

(a) T&Im R

0 5 10 15 20 25
7 & /MHz
(b) A8 H &

[ 12 FIR 8% 25 0@ 57 e [z A0 48 87l B 455 1

R E S R IR ATEUE o B, — PR s Bl
43N 2 000 B, AEBCEIE N 0.5 ms, KN 2.8x10%,
IR 8 Fion IR FELE GPU b 347 I I & I Ab 2,
I3 G E I da S I RN A E s 5 DLV g v s A
B, RWME 1R

Fz 1 BHE FIR B A AT8Eit sttt ms

Kernelt Kernel+ Kernel+
ki Matlab Kernel memcpy+36 memcpy+36
K% . . memecepy

time time . HtDmemcpy DtDmemcpy
time . .
time time
1 78.128 0.008 16 0.038 910 0.052 220 0.048 160
2 78.125 0.008 19 0.038 910 0.051 200 0.050 180
3 83.475 0.008 19 0.046 080 0.053 180 0.060 420
4 78.125 0.00922 0.048 130 0.053 180 0.048 130
5 78.125 0.008 19  0.039 940 0.053 250 0.048 130
6 78.125 0.009 22  0.038 940 0.052 140 0.049 150
7 78.125 0.01024  0.039 900 0.061 200 0.048 130
8 78.125 0.008 19 0.043 010 0.052 180 0.048 130
9 78.125 0.008 19  0.038 940 0.052 040 0.049 150
10 78.125 0.008 16  0.038 910 0.052 120 0.048 130
FH#ME 78.660 0.008 59 0.0411 67 0.0532 71 0.049 771
Anig bl — 9 151.87 1910.76 1476.61 1 580.440

21 : Matlab time 7~ H Matlab #F 47 I 150 E
W ig B P F B[R] ; Kernel time 78 B GPU 347 isf
SR 2 S I INFE] ;- Kernel+memcpy time K7
FE 318 3B ST FH IR 1) (1 B A b S O\ BOHE M Y 7
i B B AF I 1A) ;. & )5 2 %) N7E Kernel+memcpy
time AR 30N LT ESEBENY RN 36 4L
HUHE 1) A i ek 1)

Al LUE Y, 35 HOH S s 5B H 1 TE), GPU
FHEE T Matlab B0 78 E — A& . BT
GPU “F & iz H AR AL N CPU 1 17 4% i 21
GPU A7 W I 8] 25 FEAE N, B304 4% B S A% 3L 9 it
(5, b B0 A% S 2 J5 BRI 2 000 5 RN B
TR IS W EwtE, 5 RAESHEEE
BEAT B0 o B, BRI XN T 36 /NEHE A 4%
. HE N CPU WNAEAE I ) GPU A7 U &K
1, HAL%iA% cudaMemcpyHostToDevice 17 1E 1
FHBTSE; ik, ZHRXABABREAHIKE 36
fr BdE ¥ BN — BOs BB AFMRT 36 ALy ikt
AT INTE, ¥ I EL A 1 476.61 f5 32 = 2] 1 580.44 f% .
PL A Hr el BAia e, X6 A 48 FIR 33 5%, GPU
FEAT A B AR AT LA O BB B I R, KK
/N T BB AT A
313 H T GPUWMEN LS WME L LK KT

PR 9 B R0E LB AR HEAT SOE U S A A 22
oS HRGAE, HBEYEN 0.5 ms, ERFEZEKE
N 8x10°, K 2 45 T HAAL G £ Matlab A1 GPU
b IE S R L.



3T GPU 1) PCM/FM 15 5 3F A0 T % 55 fift 1 5152 . 65

558 1 PNGE KA
x2 ENEMBEEMABRNEITIEE  ms
ks Mgtlab Kgrnel Kernel-*'-

time time memcpy time

1 0.502 0 0.007 170 0.031 330

2 0.5250 0.009 250 0.033 180

3 0.494 0 0.006 140 0.032 740

4 0.503 0 0.007 170 0.031 420

5 0.540 0 0.007 170 0.031 200

6 0.498 0 0.007 170 0.031 550

7 0.540 0 0.008 190 0.032 220

8 0.494 0 0.007 170 0.033 440

9 0.496 0 0.007 170 0.032 290

10 0.501 0 0.007 170 0.032 540
FE 0.509 3 0.007 377 0.032 191
Hm g P 1.000 0 69.040 000 15.820 000

b Matlab time 3 7~ ] Matlab 317  1IEV]
FZE s F TR E ;. Kernel time #7xH GPU
AT IR V) A ZE 4y s SO AR I E] s Kernel+
memcpy time 3K~ 7E = IE V) Z 43 iz 5 fir H 18] 1
FEAl bohn b N O NN A AR o B A R A ]
UE N, &R EEFE AN E, GPU ML
T Matlab HU18 7 ¥ 70 5 b, B £od 1%
2 J5 AT 15.82 F5 (I H

32 BRMERESKIRIIE

DX T GPU IR AR AH T S 40 U SR i ek 1
REFEAT SLIG IR E, I PCM/FM 380 36 417 5 4% 77 4F
Z R ORI AR S S . RS fE i
V) 48 1 K54 W e (L % S 36 S5 1R IO RS, 2B 3 i A
B P S5 BN 2 U S 56 UM SR P S B AR R e A 4
B B E K RN IE R AR S5 R A B, A S
B 20 RERIE S5 R ABR 3 K. BEHE N 0.5 ms &
B, B BUAUE KR 2.8%10%, S FH B0 S A4 I 4 28 0 i
7 A AR SE PCM/FM BE IS 5 - {55 HF 4l 70 MHz,
KA 56 MHz.

fEFEAT PCM/FM RE WG 5 R A F, 08
BHEAARH T 28 AT HEMNSEERET T
Ik, FEEEXE GPU 1 2 20 A7 fifh 45 44 (1) B FH 24T 1 AR
b, 32 B R AP 3 = N AE A T A AR A IS AL
RAFE| TEOKMSE S SN T SR A RE W E S ) S
B AR, 1 s B 5 B R A o i A2 (132 S [a) A i i
1so AR ARG MR, X RGAEA L HE
H UL AR ZR AR H RN R s B [a) g 47 7 It
RGEAT I 45 Rl 13 Fios .

K13 R TR IFFAT AT, AN [F] A5 38 2 F0 A
[ 2B FE H K /NI PCM/FM 38 5 5 FE A T % A i
WA R B ], PL& Matlab 8 47 i 1 F2 77 78
ARG ECR N i AR . WNEHR UG, FEE
B R (R O, MR 1) 18 SRR T K, Matlab &

TR 7 s AT IS (B 3G 0, IF Bl ek, M
1 Mbps I} 1) 242.219 s #4021 10 Mbps B (] 417.548
s; ZE T GPU B HAT i A 1% 3z 47 INF [a] 72 14
{ELE 0 e i LL e/, A1 Mbps B 1 351.512 ms
B E] 10 Mbps B ) 392.543 ms.

450 0637 1200
400 - . #2711 000
sor e N Qs -
= 300 3 E i 1800
w 250 % 3. % ] I
w200 | (R % “ 1000 =
b % N <
o150 | ) ] 8 {400
e g g
100 + g’: g.{ 3:4‘ 1200
50 | & & -
K K] %
0 1 % 7 0
1 Mbps 2 Mbps 5 Mbps 10 Mbps
B Matlab/s| 242.219 | 261.857 323.517 | 417.548
32/ms 385.886 | 392.742 401.521 | 426.867
C164/ms 372.354 | 379.627 384.382 | 413.662
128/ms | 367.727 | 368.104 373.398 | 406.325
BX1256/ms | 351.512 | 353.663 369.292 392.543
—o= o i bk 689.080 | 740.410 876.050 | 1063.700
I Matlab/s 32/ms [ 64/ms
128/ms BX256/ms  =e=jnik bt

B 13 31750 8E B A E b

ASEIG M T LR HOK /N 32, 64, 128, 256,
512 B, FEATMRRAR P EEA RS E T R . FH
NZHMEHRIS %, fELEYK/NA 512 I LRk
WA FESR . FTPAR SRR KN 512 I
(IR . PTCLE W, BRSO/ R, IRAT
i VA SR F IR RN, TELR RN 256 B IA B i
B . TEARSZIG AT T, A A 26 (1) FF 47 B F i
B KN 426.867 ms, KL, 2E& Wit K AT #
W B 58 A S T SERT AR R A R

DR E R 14 FioR .

100

—— FPGAZE A8 T 597 %A
—o— GPUZEAR T %37 A

P3RS
=

2 4 6 8 0 12 14
(E/N,)/dB
14 RBFMIALER

mERATLLEL, ERBENI0 BT,
T FPGA LB W IEM T XM BEIER EJ/Ny N



.« 66 ¢ 2 Qe

%41 %

11.4 dB, 5T GPU M FA4T7 AEAH T 2 S0 fife I B0 1
Ey/Ny N 11.25 dB, [t FPGA f5 0.15dB H# . A
W, 5T GPU M IF47 W R0k 1) It e 5 FPGA 1%
o 2eimfel, If H GPU i 25 M40 T FPGA.

4 LEERIE

B 2 B W B IR AT AU 55 94T 45 & R I
177746, Wit 73T GPU sz (R FE . 2 5 M
HAT T FAHR . 3547 FIR BRI IF47 240 %40 3
AT B AR AT A S T

EFxF NCO #fL B nis BAE 5 1R 2 H I RFARL
JR7 Y I R, A0 A 9 R 1 R B R H 2 NCO
£ GPU V& LIse Bl ik, FEAT TSR 0IE, W
iz iR ZH 10° BEBERE 1004, b 73
T EE B OR B VL 11 IR 30 R SR R R, 4y
B 2 P g T IETEAN R 2 T IR IEAT I |
i H DB B BRI Y B FIR B3B8 7%, &
2% 36 B FIR IS0 7 VA 4T 1 30iiE, AR 1
1 580.44 f5NIE L . #2413 T GPU W) 250 B HH
EHAT B T VE I T IR SRS, B K ik b
HREE 69.04 £5.

X FEBAT LR IR, AN R R AT
R S KRN 426.867 ms,  IE B 1% 509 58 45 i
JEAS 5 S B R  3E T GPU [ IR 47 M8 1 Sk
53T FPGA Sk 1R S ih 26 ix fl, 3+ H GPU f#
V3 2 AR T FPGA.
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