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Optimization Technology of the Image Recognition Processing by a SIMD for Image Recognition Platform Development
of a Next-Generation Camera
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GED %2 § DSoCASHIE SN, ZORADIREWICH ELTWD. CPUSHEEKFERE S, SIMD (Single
Instruction Multiple Data) LHASHREZR T 0t v %2 EEL, TAZ by FPCICHDZHEI % b DSoCd H
5. ShoHfs iy, BEREHZICB W T /= FY 2 7XDSP (Digital Signal Processor) (2 & 1), Bk
2% ) 203 5 HHARLAVMD (Advanced Video Motion Detector) @O 7 )V T 1) X AIZDWT, SIMDALEL
i@ T 52 LT, R25~3EOMWRM EEMRAL, VI MY 2 TRBMOATHEHETERTH S Z &2
RBL72OTHET S, COV 7 b7 TiEALEMIE, BGRRE R EMmm 2 0B 28 & LT 9 B
FHTH 5.

Abstract

In response to the improved capability of System-on-a-Chip (SoC) of a smartphone, the capability of SoCs in a
surveillance camera, which has the same ARM architecture as that of smartphone, has been improving by leaps and
bounds. Two or more CPUs are mounted in the SoC, and it allows the processor to carry out an Single Instruction
Multiple Data (SIMD) process. Some such devices have a performance equivalent to that of a desktop PC. In recent years,
realization of face matching or the algorithms of Advanced Video Motion Detector (AVMD) by hardware or Digital
Signal Processor (DSP) has been attained gradually. We verified that performance had improved by 2.5 to 3 times by
optimizing these algorithms for the SIMD process. In this report, however, we confirmed that such optimization is only
possible by software processing. This technology to optimize software is effective when continuous processing like
image processing is executed repeatedly, and expansion of its application range is also being considered.
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Fig. 2 Architecture of processing of face matching and age sex
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Table 1 Comparison table of processors

Security
Smartphone / Tablet PF e FE
Qualcomm#t -
Applett Nvidiatt
AeX | SNaRXMaBON regray o Xit
Typical MIPS@
[DMIPS/MHzZ] 35 33 35 2.5
Clock[GHZ] 1.4 1.9 1.9 1.0
Core configration 2 4 4+1 2
NEON 2 4 4 2
DMIPS 9800 25 080 26 600 5000
FPU VFPv4 VFPv4 VFPv4 VFPv3
CPU i H Swift M Krait | Cortex-A15 | Cortex-A9
GPU PowerVR Adreno 320 ULP
SGX 554 MP4 (iE6) GrForce
L2 Cache[MB] 1 1 2 0.5

FPU : Floating Point Unit
GPU : Graphics Processing Unit
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Table 2 Face recognition optimization result

1. BERE

Function NEON{E NEONA&
BBALIEA 3.75 3.75
PBALIEB 2.50 2.50
BBALEEC 7.61 3.61
BBALEED 0.83 0.75
FBALIZE 12.0 6.00
PBALEEF 65.0 19.0
BBALEEG 4.00 0.14
BBALEEH 431 431
Total 100 40.1
2.50f%

MBI CHIT 5 &, TXTOMHIEDK £ Ol FEvdiz
WHLTANIALET A NVIBEZFNEFNERAERE LT
fmak fmb% HH T2 DO TH 5. CEilTrllb 35 &L
TOXHIZhs. ZOF FUHT 2 L E2RONEONED
RET, 2K065%% 5DLEVUHE 25 TWV5,

int32 fma = 0;
int32 fmb = 0;
for (i=0; 1<7*7; i++) {
intl6 vd = img[i];
// 74JVBA (intle)

1
fma += vd * fal[il;
1; // 74JV2B (intle)

fmb += vd * fb[i

}
NEOlevxﬁ?ailO%f:P)128bit§@%ét&> 32 bit
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1V BOMEL L L TH 5. FHEMHEL 7 1 VT ADPD
16bitT—% %47 — % D064 bitL Y AFZIZu— N L,

bit X 4l D 7 — & 2 FEFIHE L T32 bit X 4B D128 bitd

AR TS, a2 x 7h#: D K L T4k DR
FiRZRD L. WBIZAD DR R Z ME L TIo DM

AHBERE R OMmaz KD 5.

2D X%, NEONDOHEREIZE bEIEFI L] fE 2 AL
2V 7 b 7 OREET24T) 2 & T, I
ML o TV 5.
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fa [8X7] 71 ILEA img [BX7] BT —%

f1|f2|f3|f4|f5|f6|f7[00! A1(A2|A3|A4|A5|AB|A7|00
00 B1 00
00 C1 00
00 D1 00
00 E1 00
00 F1 00
00 G1 00

—
ﬂ vfa=vld1_s16(fa) ﬂ vd=vidi_s16(img)

47—20-F
[1]r2]3[f4]
>(x)e
2x 7@ D

BRIEL  vAT [12A2 | 13°A3 | 1A*A4 |45 TEFAIEE
int32x4_t fma = vimal_s16(fma, d, fa)

— SO[s@[30[3@]
int64 X 2_t w = vpaddlg_s32(fma)

[Z0+:@ [ 50+3@ |

int64 X 1_t wh = vget_high_s64(w)
int64 X 1_t wl = vget_low_s64(w)

SO~3@ int64 X 1_t fma = vadd_s64(wh, wl)

54K NEONREAHT O 71—
Fig. 4 NEON flow of multiply and accumulation
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5E3% AVMDDREILA R
Table3 AVMD optimization result

Function NEON#E NEONH
AVMDALIEA 4.00 1.40
AVMD4LIEB 1.50 1.00
AVMD4LIEC 50.4 14.1
AVMD4LIED 4.40 1.00
AVMDALIEE 8.10 8.10
AVMDALIEF 3.20 0.50
AVMDALIEG 7.10 1.20
AVMD4LIEH 16.10 4.00
AVMDALIE| 5.20 1.20

Total 100 325
3.08f%
A[O] Al7]

[2]4]s[16]32]64]128256]

AEY
TR

Al8] A[15]
[20]21]22]23] 24 25] 26 ] 27]

GRS b
/ =~

| 2 | 8 |32|128|20|22|24|26| | 4 |16|64|256['21 |'23|'25|27|

Dst. val[0] NEONL ¥ X & Dst.val[1]

FEX A V& =) —TDIEH

Fig. 5 Practical use of interleave
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Fig. 6 Smoothing filter
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+ + + +
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BT RAESA
Fig. 7 MAC (Multiply and accumulation)

21



108
16
14 | —o— 4351 /
= 12 —8— g it 5l
= —A— 1635 /
&i 10
d /
5 8
F /
6
4 )
2
o . .
0 20 40 60 80 100

WFHEFTEEL BH ORTHEDES P [%]
B8R 7 A5 — VO PrhE LR

Fig. 8 Amdahl's law performance gain
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