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Hardware-accelerated consistent computing structure for
signal processing and deep learning

GAO Yanzhao' , TAO Changyong’
(1. Strategic Support Force Information Engineering University, Zhengzhou 450001, China;
2. Information technology Innovation Center of Tianjin Binhai New Area, Tianjin 300450, China)

Abstract; A variety of typical signal processing algorithms and deep learning algorithms were analyzed and modularized from the calculation
requirements level. The computing modules, which were suitable for hardware acceleration parallelly in the two types of applications were extracted.
A consistent computing model for signal processing and deep learning was proposed, and a hierarchical processing element and arrayed processing
structure were proposed based on the consistent computing model in which the control part and computation part were separated. By the software
definition of different application computing processes, the consistent hardware-accelerated computation of signal processing and deep learning could
be realized flexibly. Based on Zynq computing platform, the consistency computing model and computing structure were verified from two aspects of

reconstruction efficiency and computing performance. The validation results indicate that software-defined reconfigurable computing structures based

on consistency computing models have high computational performance and reconstruction efficiency.
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BPR F R

( Jik i B \
v [

ST
owm )| ()
Jik i FE 45
1

{

S T
| FFT/IFFT | | BE0RYE: |

v p= S e
~ meem || (o1 (s
(emin)

v

!

Lia) ki oy

K2 PD SRR O 2 R

Fig.2  PD algorithm flow and its main calculation module

1.3 APMERALETERB

A FL 18 FF 15 ( synthetic aperture radar,
SAR ) 2R FH ik i . 406 AR F G Jl AL AR T 3855 Bt
T A KA 4 K DL S iR 2 iR . 5 e
M SAR UG AR L, KR SAR B BA T 4F 1Y
BLBIPE W] A 3 R R A ) o R R X S A A T
SCURF LI S ORI SAR B A% b B i A
L AR 3 fis .
1.4 ERELEG BRI

X TR RO TR A R B Ui e
T, T AR 5 A TR A L B A TR 8 5
AT, FERAN [F] H AR RS NG A6 0 7 K 1) A
ME, SCHERL 12 — 13 J8& 1 1 J0 W i 2 0ot 3
PE 5 A 75 191 86 2 B J7 I (ship histogram  of
oriented gradient, S-HOG) iR 7112 B K14
H A5 PR 8 12, HG Ak P g R e s
&l 4R



<114 -

e PN

5545 &

Sk EEF
| e |
I
v o
| g,](m:fggﬁ | [ FFT/IFFT )( SR )
| g%%%% REE NG D
 mma | | ) (s )
I
] ﬁgg%ﬂaf;& ‘ [ FET/IFFT )( ST )
| s | memer ) smoRn )
I
+ Cwitn ) (s )

| mEmm |
I

B3 RBHL SAR UGB TR SO B2
Fig.3  Algorithm flow of high-squint SAR imaging and

its main computing module

SRk ES SR AT
(: R (R j)
o —

v

SRR |
|
v

‘ Vi ‘ ( FET/IFFT )( T )
I
v

Cawmme o | [ owr ) mwws )
|

| e RECEIIET D
v

| Wik
v

T ( wx )
+ S

| EEMOMEERE | C%f@i%)

K4 RO R BARR B AR R MO R B R

Fig.4 Remote sensing optical image target recognition

algorithm flow and its main computing module
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JBETE R B 7 58 0 32 bit, 55 SCHR H A B R0
EEH T EAPERERI T EE R 20 NEHATLLE
BT AR SC— B T 4 S P ofe 1k AR
FEIA TAERHEP A T LTI T FPGA () B Tfe i
AR

R2 EREESREITER B

Tab.2  Comparison of calculation time of matrix multiplication

e - st AR SCTT

WRE4ERT 100x100 128 x128 128 x 128
A%/ MHz 60 250 100
R /us 1351 986.30 908.76

4.2.4 FIvy. 4EMERKF I H R

W AR ST IR 45 ST B BN 8 7 A S 32
32 AR MR TS PR e A 5L T FPGA 1y
FEFESR TR AR R T4 b TS B2 BE ML A
T, BUCHERG FE hy RS BE T 0, BR A 9 K 32 bt
5 SR A A5 5B A2 o 5 A TR B X L L3R 3,
FEAR R TAERS BT, S X A8 [R) 45 55000 6 B oK
WA SO A T AL T FPGA f A B K i
AR

R3 EFEERETER B

Tab.3 Comparison of calculation time of matrix inverse

PRMERE kY RS pRET RSOk

SEEEAERL 32x32 32x32 32x32  32x32
B
T 100 100 100 100
2%/MHz
e s 70.81 53.82  87.34  48.36

5 #it

ARSCHE R 5 b PR TR 27 > WU 0 o0 By
(A, SR T P A HLE & AT
AT 4R I T 55 A PR TR 2 ) 1 — 3L
PEBEPE I AR RO B T4 S 5 B
JEOACT A5 SCR] EA THE S50, 7RI 4540 o

ub PE Sk 2] R R DL R S AT AR )=
WA BET oA AT A5 H BE3T A K PE ] 11
EXHERG, RSB PE N5 PE (R 2 RUZR
i EAL AT DL A5 5 A B TR 2 o) LR
TR AL — LB de oK, 1 HLHEF FFT
R ARt 5 P R AR R N M RICR AT R
REPIANT7 1T 55 22 SR P I S5 A AT T X bE, 5
B URZE SRR 2 A M FLA B Y RS
S TERE.
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