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Spiking YOLOV3 B, FLAF & SNN Hp1E (X 20 R, 7R IIAT % 5Bl T o o (RIERA 2, S04 1 S50 4t TR ek i) g 2>
FELAFRTARN 1/4. BhAN, TATESHT T ANN-SNN 4R A (1) e uiie 22, 3K FH B AL s 00 Spiking
YOLOV3 B AT T A0 AR/ 4 it 22 . AL AK IS IR P 3 HE BN (]9 /b 2 29 J5R 1) 172, FF7E VOC 5 UAV #
A 1 ICHIAE ANN-SNN Todiet e, S #8711 3 T B IR A0

SEHRIR): KRR L N TGS X 25 - ik i pi 22 IX 28 (ANNN-SNIN) B8, 5 ARl AR Ao R 70 kS B
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Target Detection Based on Low Latency and High Accuracy Spiking Neural Network

MING Xiao-Yu, LI Xiang-Yu
(School of Computer Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Artificial neural network (ANN) has made significant progress in many fields, butqfits"high demand for
computing resources and energy consumption limits its deployment and applicat‘ion on the hardware side. Spiking neural
network (SNN) performs well on neural morphology hardware due to its low !power consumption and fast inference
characteristics. However, the neural dynamics and pulse propagéﬁon mechanism of SNN make its training process
complex. Current research primarily focuses on image classificafioh tasks. This study attempts to apply SNN to more
complex computer vision tasks. This study is'based on the YOLOV3 tiny network and proposes the spiking YOLOv3
model, which conforms to_the SNN ¢haracteristics of the network model. It achieves higher accuracy in detection tasks
and reduces the average inference time to about 1/4 of the original work. In addition, this study also analyzes the
conversion errors genefated during the ANN-SNN conversion process and optimizes the Spiking YOLOv3 model using a
quantization activation function to reduce conversion errors. The optimized model reduces the average inference time to
about half of the original and achieves lossless conversion on the VOC and UAV datasets in ANN-SNN, significantly
improving the detection efficiency based on this model.

Key words: spiking neural network (SNN); artificial neural network-spiking neural network (ANN-SNN) conversion;

target detection; low latency and high accuracy
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AT 5 K R B3 55 R ANN AT 045 52 A i)
T TTHRAT LU LR,
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S BRHO6 Spiking YOLOV3 RS 3E4T 1 1k,
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1) ANN {646 B AE SNIN AR MRS B (1 R,
s BT 22 TE V) (tanh) B0H— 08 20K 4 (Softmax)
J&, AELR AR T i 4 AR T DA IE R AT LLAS 67 T bk
MR TG R e R, Nk, AU a AT, T
F 45 J5 ) SNINFRIHS 2 %,

2) SNN JCiE B 4% ANN H gt &9 —1k (batch
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3) SNN M5 B e 2 ik e X, 5 8um Kii =
FEFAOE R AHORS LK, 10 SNIN G 2% .

EERS LA, 3142 T YOLOV3-tiny 135!
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3) ¥ R E B o B RUE.

4) ¥ BN JZBUEHT B3t Conv ZHUH.

FATEH ReLU BUE R 05 £ YOLOv3-tiny
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_
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# 1 Spiking YOLOV3 (145 45k 3%

= AR BN K fith
Convl 16 3 1 416x416x16
Conv2 16 3 2 208x208x16
Conv3 32 3 1 208%208x32
Conv4 32 3 2 104x104x32
Conv5 64 3 1 104x104x64
Conv6 64 3 2 52x52x64
Conv7 128 3 1 52x52x128
Conv8 128 3 2 26%x26x128
Conv9 256 3 1 26%26x256
Conv10 256 3 2 13x13x256
Convll 512 3 1 13x13x512
Convl12 1024 3 1 13x13x1024
Convl3 256 1 1 13x13x256
Convl14 512 3 1 13x13x512
Convl5 255 1 1 13x13x255
Convl16 128 1 1 13x13x128
ConvTransposel 128 3 2 26x26x128 " &
Convl17 256 3 1 26x26%256
Conv18 255 1% 1 26%26x255

P2 R ORI 26 K R, 24 P SN HEAT H A
I, 0 22 7 0 i A2 S IR AT e A L
e HRALE T I 2, BATSR PR FE 01—
Y7, T A SR B 4T L, 7155 99.9 A F
5 G A AL L4719 — 4k, P 4 ot )4 — {5
A R .

d[l

-1
Af

H71=99.9%(max(4™)) N\ B T1=99.9%(max(4)
“Hag o
HIE I AR A
_ At
W)= W,.{j7 and b} = Ij (15)
J J
Horp, oM REIE G, JRBME WIB AR RIS
EFIES 99.9 AN H 0 AL S AE AL BEAT I3 —fb. WIS (H 2
FERVIES 41T R Sa o SIS I o | Sy == = R R D R [ R B
AR N £ — R AR, T AR
VA — Ak, HIE R R 2 e ] BLERAS B 2
T AR, DT E JEL I ] P S R A Af 5 B A% .
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25 it FEAN— A ReLU 353t 06 55010 AR 28 1 ke 55 -
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E' =zl—¥—ReLU(zl) (18)
K (18) AIF tH #1724 %, ANN-SNN %
3 A EEIRZE, RIS, BIRE, AR,
AR 2 ANN 5 SNN AN A 1 BUE VO i
F. 0T ANN, 224 H O 6 X 1) 910, alyg ], e
al o R IR BEAE. W F SNN, H2 Mid, A
HIRIBSHSESS T = 0T 1€ [0, 1] F A'BEE Yy ANN
P SR A K, PR HE WL B SNIN oS 7 o J ok
o', | ANN HH (803 e’ T (19) Skt 5 SNN
B TN g 7)1
[ )
) \. ¢ (T) = clip(g7 V/I—ZTJ,O,HI) (19)
Horp, )R floor BREL, 24 ANN RO E o e [, dl ]
i, #R 2> E) SNN A F FE Stk 5 Fiw.
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1
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Bk R 2 RONAE ANN 1 L B05 (ol 2 521,
H SNN A 335 52 fi J 55 HLAT ! (T) A2 BB 24 ANN
() B ol LE[3A/T, 42 TTIX 8], #B2x 4 sy SNN
HHAH B 36/ T. a5 o, ANN 305 {E Ny 6-8 [X Jd]
(AR, 02 A9 SN FRAH ] (1 6.

ANIE Y3 22 A2 R kb 25 0 J2 R N 8] PR B AS
). FERLARAE LT, HHEE SR B BT — E B 2 ik (e B [ 2
B0 ARLE I SEAR B0, ik 4 16 1R 2 B[R] AN 35 5],
X 2 5 B TUN P AR A 2 BUE B I k. A
Hl-1ZHPA R AT a8 — AN 2 — A%
filfE Mz, B W =12 -1],d ' =¢"1=[050.5]T,
6 =2 =1,T =6. %F ANN, HizX (16) FT#3%] ANN [
Frd 0.5, %7 F SNN, wif 6.

B/ k28 TE1E 6 AN 7] 25K A

St 3 ANk, 43 NBUR 3 FhiG L. Y
1) PIAS R AT E T BIAE =1, 3, 5 F1 =2, 4,

W
6 . 6

6 b ke, W&l 6(a) Fros, WZE Sl s & ot 4
1E =1, 3, 5 B & ik, ) SNN #oga ¢! (T) = 0.5 = d,
SNN 5 ANN ff)4ir Hh AR TR

2) PN R A { A 4 T A BIAE =1, 2, 3 F =4, 5,
6 b ik, dnkE 6(b) FioR, WZE S5 #h 4 ot 4=
1E =1, 2, 3, 4 i & H ke, SNN B ¢/ (T) = 0.6 >
SNN AT ANN [t

3) WA Rl FT A& T BITE =4, 5, 6 Fl =1, 2,
3 b Bk, W 6(c) BT, WIEGR fih 5 4o 22 76 2
18 =5, 6 I A i ikirk, SNN [ i 6%(T) = 0.3 < o', SNN
/N ANN Rt .

I 3R R A L AR AR R,
VITYe [0,0], R ¥501% 2 45 8 10 B 012 2% . 1] ik
VI(T) €[0,6'], U] LAFS 51):
le+v1(0)J0’1)

.1
¢ (T) ~ QlCllp(T { 7 (20)

L 4 L
2+ 2+
. m , /

2 2
74 1 1 1 1 1 1 1 74 1 1 1 1 1 74 - 1
0 1 2 3 4 5 6 0 1 4 5 6 0o 1 24 3 & 5 o
B TA]5 K Time step A5 K Time step I 25K Time step
(a) 1EH ik (b) T2 ik (@ bk

K 6 $i’2’2i§é%§
clip OB AT R EEEYE R, =X (20) 1 ‘

cliptR B HES RIEZ B 3 NS48, 5 1 A HON T
PR HBUE, 28 2 DSEONREHI R, 56 350N
BRI . clip B 8 [ R IR 0 K, 101 2 £
FLVEAE oR T 2 W R AN 5 2 1a) . o SRR BRI 2
BN A, 0 ek B0 (a7 a0 R R 1 BUE R T
R )RR HGR ] b S 5 3R [ A PR A R ERUE A B

v B iR 22 9

) 1
E'= Ochip(% {ZTJ“T}/(O)J,O, 1)—g(zl) Q21

2.5 Spiking YOLOvV3 &8 {fi{k

TEARAL Spiking YOLOvV3 8 H AR 7 &1L
BRI T v AR LA Spiking YOLOV3-FC.
4 ANN H ) ReLU 0% R #5845 Dy i fin £% 001 4L,

\ ‘.
y \ 5

'
SARLIHGE R 2L, H AKX (22) Fios:
1ZL 1
d=g() =/llczl'p(zr/l—l+§J,0,1) (22)

e (22) H, S HLE ANN R K,
AT S HILIE T ANN Fd ik, %5
KOst ) SNN ¢! (T) )35 K MH, B SNN A (1 B 48,
MM EEAE SNN 1 SE LB 25 BB 35O, Lk ik 42 70
A B INAE S 2 LLER =y H BRAS UAE 55 TR RS .

2 ANN HF L5 SNN H (1 T HHSE, HA 46 B f A7
S RE I, K (22) RN (21) 1, HE iR
240, g E AT LLSCHL ANN 3] SNN (1) TG54 e

Xt T EAD K R B R A2, X% s 5 40
fd I ELE A 181, B (23), AR 24). K (25) i
PAHE R J5 AT DA BEATLES P T B 55K 1125 Spiking
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ANTENNEIR S, SMAEA1000 23R T ANLE a5
%MZ&FB‘J%MA.@AS&AL VOC #& PASCAL VOC
Pk 28 1 Bt 4, R — AR S B 4, R
20 251, MS COCO #4330 /5Bl fr, A 80 ™~ H
P2 . FRATTHG B £ 1) R 1 53 W 3 G — 4 UK
416x416, FE0THE A8 H 1 4 N B AE FH BEATLBY DIAE
(cutout) A1 F Hf#2 (mosaic) SRt 47 HHE 1 .

TEYNZRTT, X 3 MHESEH K-means HIRF LG
F 6 N SEIRAE TG, 3 AN BHE AR 1 SR B AE 0 SR 2
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K23 BHEERIRAE L

4 0.0005, ZhEBEE N 0.9, LK AK/NEEE R 16, F
25 300 %6,
32 LWHERSHH

A AR Spiking YOLOv3 A1 Spiking
YOLOV3-CF 7% 5 Spiking YOLO 4%l 7E PASCAL
VOC Fl MS COCO %44 FikAT 7 X s, £ 3 8
PASCAL VOC ##f4E ERSEE4E R, % 4 Jy MS COCO
HynsE L gE R, 3 3 F13k 4 Spiking YOLO™, Spiking
YOLOV3, Spiking YOLOV3-CF [ £545 7 73 53l fi] 5
SY, SY3, SY3-CF. | %

%3 3% SNN HUHE PASCAL VOC Uitk 3 TR [
& (7) B2 NE  (mAP) X HE (%)

SNI{\I 7=64 T=128 T=256 T=512 T=1024 T=2048

SY 6.89 18.58 3622  46.66 47.92 49.98

SY3 36.79 43.16 4749  50.13 53.96 55.48
SY3-CF 39.60 4825  52.64  54.59 56.71 56.73

%4 325 SNN HRFEE MS COCO ##hi s FHETAREH K
(7) M PR E (mAP) XL (%)

SNN 7=64 T=128 T=256 T=512 T=1024 T=2048
SY 0.45 6.59 15.08  21.05 23.15 24.10
SY3 1322 16.03 21.13  24.76 29.93 33.50
SY3-CF 1648 2059 26.68 3091 35.36 37.85

W HE L

Htns 1 2 3 4 5 6
UAV 8,9 10,12 13,12 14, 15 17,20 23,26
VOC 24,44 54,89 82,199 144,123 179, 268346, 334
COCO 10,14 23,27 37,58 81,82 135,169 344,319

AR AT ) SR 7E Python 3.7 SR8 K, T
PyTorch (R &5 I HESE k47 4mtd, {£ ] NVIDIA
GPU HEAT I ZRFIHERE. ASCH BT Hh (1) Spiking YOLOV3
WX 4% Fl 3t — 25 4k 1 Spiking YOLOV3-CF 4% 5
Kim #2 H ) Spiking YOLO £ #7435l /£ PASCAL
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PN AdamW, FEAS ) R BN 0.001, BUE Rk 5% E
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YOLOV3-CF #E7 ff) Ji ANN RS (56 4 2 i (108 5 2
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56.50%, 56.70%, £ MS COCO ¥ 4E i K5 i 4 5l 9
26.24%, 38.70%, 38:78%. M} ]2 Ky 2 048 B,
Spiking YOLOv3-CF # M 7E VOC #ie 4 I 52 Bl
ANN L (R FE, 76 COCO i b ST ks B A5 1
(GUIENES

FEHS BEJT I, FEI B 22 K 2 048 B, Spiking
YOLOv3 Fil Spiking YOLOv3-CF 25451 7E PASCAL
VOC $#i4E AT LASEZE 55.48% 1 56.73% WIS, 5
AN R SEBKE 2 EE Spiking YOLO #2743 B4R T 7
5.5%, 6.75%. £ MS COCO #5454 7] LASEHL 33.50%
H1 37.85% (ARG FE, PN AY SLEIURS B2 LE Spiking YOLO
B3 R T T 9.4%, 13.75%.

FE A1 BN SE 77 T, AR SC R4 HE K SNINASEAE 4 B
P& B RA R, JUHZ Spiking YOLOV3-FC
A, LR RIS [R] DK N B RE I8 B S RS 2. 7E PASCAL
VOC ¥#E % F, 24 Spiking YOLOvV3-FC #5 #4 sz Hj K
FE N 48.25% B, T i if (Al 2Ky 128. M LL 2T, Spi-
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# 5 P2 SNN HEIZE UAV HlEE LETARSK (DK
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SNN T=64 T=128 T=256 T=512 T=1024 T=2048
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T=256 T=512 T7=1024

L]

(¢) Spiking YOLOV3-FC
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EREEHERA R G FERE b, Eb Spiking YOLOv3 #5782 AT
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