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[ Abstract] In order to support the underlying image library on 'the FT DSP platform, and reduce the time consumed by
the calculation in the Canny edge detection algorithm, an algorithm for parallel Canny gradient computing based on
FT-M7002 is proposed.On the basis of FT-M7002 high-performance processing architecture, Single Instruction Multiple
Data (SIMD) is vectorized to enhance the parallel processing of the instructions of DSP cores. According to the
hierarchical structure features of the vector memory of FT-M7002, the mode of data memory access of the Canny
parallel gradient computing algorithm is analyzed. The first address offset is used to deal with discontinuous data
memory access, and data transmission and data calculation is completed by means of double buffering mode.
Experimental results show that when reaching the same detection accuracy as the original Canny algorithm, the proposed
algorithm improves the overall running speed by 1.490~2.112 times when the size of convolution core is 3x3,5%5, and
7x7,bridging the performance gap with the mainstream accelerators in digital image processing.

[Key words] FT-M7002 processor; Canny edge detection; parallel gradient computing; memory access optimization;
double buffering mode

DOI:10. 19678/j. issn. 1000-3428. 0059943

0 Mk ARSI AE I B R B RGE AR A E
PSR 55 AR 20z . B R AR B Y
WG R T AL B AU B RR iE GRS BR R W RE SRS . g

EE&TE % E S L H % (2018YFB0505000) .
EB B A W52 (1971—) , B BIZUR , EF 7 10 2 s b BAE B R G PR RETHER s SE et A Lo A s b MRCBAGIER ) L B2
Wris B H#:2020-11-09  {&[E HH#I:2020-12-10  E-mail:hanlin@zzu.edu.cn



38 R - | R B -

202147 H 15 H

— LR B TG ) S R e D R B
IEIBR A AT B R A B 7 1 o & ML iy i Gk
M FEIETFHEE T, O A A N TR A
&R, BT 3L T2 /N AR e FpL 2% 2= )
FEM G A R TR R AT
Fhe R BCE S A ) vz 0 R T A 4
A B Y T A ) ROk B s . DSPEA P |
1R R0 AR ) AR R T A A IS T A B
PG AL FY A5 208 A 5 N 3 5 . 16T R
TS ALY AR 42 Y o 220K, H A DSP 1) F 3l i
RSB A T £ B0E R (Single Instruction Multiple Data,
SIMD) {3 K F1 i K 4§ 4 5 (Very Long Instruction
Word, VLIW ) 45 £ A Sk 3 5 DSP % 45 4 1Y 317 4k
HLBE S . DSP K 2 AR 1 AN B A Ak T 9 e
REH& T+ [ B, o b2 3 s T s R,
U PG P 291 A 35 3 LA 5 4 R FH v 1 E 1 DS P 4R 44
1 J& DSP i A0 iR 75 i e 14 ) R

Bk AN [ 07 FH 5 S 4 BBORY 300 25 AN T 1] A
SCHiR [ 12-14 130 355 4R 95 AS [6) 0087 JH 37 5% 16 £ 6] (1)
- v 25 My 2 Bl 4 5 i SR B RAK BT RS 1fE 19 34
Sk o SCHR[15-16 3% BUA W] 70 2% 50 (R 4 B o RS
fR 30 R EAE . Canny i) 2 K6 I 2 — Fh 7 32 i 89 34
GEAG IN B , E  J At 4 ) 0 S H A
B0 700 2 B AN D (R T SRR T R R T
SR VL P T T 1 R AT 0 A A O 56 H R
B B R R AE AR Y FT-M7002 /2 — 3K H.
A 512 7 K SIMD 19 = 1 fig I 17 4b B 2% , DSP N #%
BT B AR A 250 B b i DA R ) A BT
32 {3 W {f P BE 7T ik 200GFLOPS I 100GMACS™2!
1 [ P %t DSP 7 I A AF 5 A5 A i RS R
SCHREANDRTL , 18 ) [ 7757 & EOFAT Pedbn FH#5
117 FT-M7002 HA 5 B 747 Ab BERF PSR A SO T
FT-M7002 22 ¥4 #F 17 Canny #3246 1 245 1= i 52 L 5
etk .

1 CamnyBIZKNEELERESEHTEERN

B UL 28 3 i G 4G U 55 61 45 Sobel 55 . Robel
B F Priwitt 3 T Laplacian 35 1 & Canny 5. 1. 1%k
RN 5314 22 S RO T G RO Y 18] e S5 A R AR
FEWCTT AR o ARG [ 1 1 R 5 4 e A 4 BT =
PR N G AR WA TR . Canny i1 2 K U 3 7 /2

John F. Canny T~ 1986 4742 H} (14 5 B fin e 137 s OICAS I |
ST 30 5% A7 5 2 e /1> LA B BRAS 10 2 5 AR AR 6 1R 2
AN SR B 2 HRT R T R
1.1 Canny & MNE %

Canny 31 % 6 I J& — B B T84 45 PR3 Of
PR R AR AR S A SR At R G 18T 1 R .

% ﬁ_}
it it it >

£ [
& H "

4 1%
% x y J i
£ > Ji ] T —>

(3 1B
e 1] Il

i ##
iy B B 3l W)
&l JE JE W
by %

B 1 Cannyin%wnixiE
Fig.1 Procedure of Canny edge detection
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Fig.4 The implementation procedure of Canny edge

detection algorithm based on FT platform
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implementation process of Canny edge detection algorithm
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1.M7002_vector float s0 = vec_Id(i,src_0);

2.M7002_vector float s1 = vec_Id(i,src_1);

3.M7002_vector float s2 = vec_Id(i,src_2);

4.M7002 vector float x0 = vec_muli(s0,0);

5.50 = vec_add(x0,d4);

6.M7002_vector float x1 = vec_add(s1,s2);

7.M7002_vector float x2 = vec_muli(x1,f1);

8.50 = vec_add(s0,x2);

9.M7002_vector int st = vec_fdstru(s0) ;

10.M7002_vector float s00 = vec_1d(i+16,src_0);
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11.M7002_vector float s10 = vec_1d(i+16,src_1);
12.M7002_vector float s20 = vec_1d(i+16,src_2);
13.M7002_vector float x00 = vec_muli(s00,f0) ;

14.500 = vec_add(x00,d4);

15.M7002_vector float x10 = vec_add(s10,s20) ;
16.M7002_vector float x20 = vec_muli(x10,1);

17.500 = vec_add(s00,x20);

18.M7002_vector int st0 = vec_fdstru(s00) ;
19.M7002_vector unsigned int tt = int_to_short ( (M7002

vector unsigned int)st, (M7002_vector unsigned int)st0) ;
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Table 1 Performance comparison of Canny algorithm before and after transverse gradient calculation optimization
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Table 2 Performance comparison of Canny algorithm before and after transverse gradient calculation and

vertical gradient calculation optimization
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Fig.6 Comparison of running time of Canny algorithm based on three calculation optimization modes
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