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Abstract

As one of the typical inverse problems in structural vibration field, conducting
effective distinguish to vehicle loads would play a significant role in the performance
assessment of bridges. The current technology is mainly relied on the bridge
weigh-in-motion (BWIM) system, which would be restricted in the applications of
mid- and shorten-span bridges due to its high-cost devices and complex installation
process. Therefore, a novel vehicle loads identification methodology was proposed in
the manuscript based on the deep learning theory and computer vision technology,
which was mainly conducted as follows:

(1) A novel vehicle loads identification methodology was proposed based on the
deep learning theory and structural characteristic responses extraction. Specifically,
the time-frequency analysis was employed to extract the feature patterns of bridge
acceleration responses induced by the driving vehicles, and the convolutional neural
network (DCNN) model was utilized to dig the potential pattern details of extracted
features to achieve the system outputs identification based on captured inputs.
Therefore, the solution of inverse problem could be transferred by replacing the
DCNN as middle structural system, where the inputs could be further obtained by
only utilizing the collected output responses.

(2) The numerical analysis, experimental and field test were conducted to further
evaluate the effectiveness of proposed method, respectively. A satisfied identification
accuracy was investigated according to the test results, and the performance of trained
DCNN model could be further enhanced by utilizing the image processing technology
to increase the amount of test samples. Meanwhile, it was also revealed that the
features extracted from the natural object images dataset by DCNN could be
effectively transferred into the classification field of digital signal images.
Furthermore, a 97.21% identification accuracy was obtained in the ambient test,
which has demonstrated that the vehicle loads information could be directly
distinguished from structural responses by the proposed approach.

(3) A vehicle loads identification system was established based on the
non-contact computer vision technology. Specifically, with the proposed
rough-grained classification standard of common vehicles, the mapping relationship
was established between vehicle types and corresponding weights interval. And the

Faster-RCNN model trained by the HNU-Vehicle Dataset was utilized to detect

v
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vehicle objects, loading condition and real-time position from monitoring videos.
Furthermore, the motion trajectory of driving vehicles could also be detected by the
compressive sensing technology. Experimental and field test were both conducted to
evaluate the effectiveness of proposed method, respectively.

(4) A novel vehicle spatiotemporal information identification technology was
achieved based on the non-contacted photogrammetry technology. The vehicle loads
under driving state was selected as the calibration object, and the corresponding
vanish points were detected by the parallel coordinate-based cascade Hough transform
technology, which has achieved the camera calibration process without the support of
targets. The effectiveness of proposed method was verified by distinguishing the
actual position of vehicle loads, showing that this technology could be effectively

utilized to obtain vehicle loads position even under the complex test condition.

Key Words: Deep learning; Computer vision technology; Non-contact
photogrammetry technology; Vehicle loads identification; Vehicle spatiotemporal
information identification; Convolutional neural network; Compressive sensing

technology; Cascade Hough transform method
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K 1.2 frome SR, 328 2% BRI Rk 26 1 4 R R IR 1, s B TARE T H i1
A 8 AT S I8 H e DAAE B IR I, EL A 28GR A A S A 8 1 A B DR 45 40 15 O
PEAG SRk RE e B HE T . Bk, JFEHEE T Z AT 805 B R s 2K &
[ A 7 AT A&+ o0 B

B 1.2 Ti2& M ifrshia) @ o 2
1.2.1 RIS ETG A

YE NIRRT B —Fkr il 22 &, 3) & E R 4 (Weigh-in-motion, WIM)
BTz B 208 B B 22 B AT B AR R T B B IR IR & b . (L4
WIM 2 40 5 75 ELAE TR 45 0 32 10 Pl 34 B 1k A P 28 s Ve o O, A BASE X AT
b ZE A A e L A EE A OO0 AT O S SRR B AR o NSEBR TR R A E , WIM
RGANAFAEYEAP KB P 75 9% P ROAS B0 55 ) B, BLAE 22 356 56 B e ik DAk 47 —
e, FEDNRESE LTS HAHX AR o BRZ 4, KREFRECREY], 1£45 WIM
40 1M RS B BN A R,

FESCPR TREN H A, 250 I I A% J 2% E R e e AR Bk a3k iy, D) 3 A2
PR EEAZERNERGERIEM, WS SEERIBN, I 48 H &
PR o [RIINF, % [ AL 2% 45 AE 22 56 A 448 i v il o 75 22380 0 sl A i v B A2 Jd . BR Utk
AN, T T AR AR 5 4 e TR A R A %) BT TRD A G A A R R, DL 5 EORH R
T 5 FO0F I THI R RS B2 DL BIURS s H AL AR S A A ) R ik OC R OR AR AR Ak



TR 2 2 AR LA BOR BOMR3E_E 4 BAR BT 7E

I, R R R R N B DI, IR E SIS IE R GRS AE . IR AR
UIE A2 IE s B At G I RS B B AIR, W AR S PR T T 7R B T A% K 28 (Free of
axle detector, FAD)MZIA&FREEOAR . HIEL AN RE M M AR 77 %% FAD
PR (B 1.3 firoR), 4 1 4 i i % B s P m] R 7 A i 22 e RO

B 13 HRHESHERGRETEE

VB —F DLW 373 S o M 2 45 M) A 9 PR 35 304 B 2 g ORI R, MR ah &
M E & 4t (Bridge weigh-in-motion, BWIM) & it 22 & 7F M 42 iS58 09 28 il A% 2 2, 78
I3 A 2 A A VR R MR B A A i e AR BB S R b WA RCSE IR R A 2R R
EHECE B BT R AT B S B IR ) R, 38O R RR AR KA
X ZEBAE FH T S5 B e AR K Bl 7 e N HEAT SR, AT AT RS OGS R e K
HEFERMWA. 5% WIM 2GHAE, BWIM RSEWILHEALL T i &2
A M A TR i 50 22 BEAE M G A5 M JIE G, A N A R B A B I AR R I AE M IR HEAT T
Ji&, TR AT 7 AN B 35 52 0 A TR A2 8 32 B 1 O B R T S BN BT AT B 4 A AT 28R AR
Al, B 1.4 Fros. FEE, X2 )7 L H B0k 1 % 55 IR A% B0 A% K 48
PERE T I8 B B B0 T o Btz A, a0 KT 2R A g PR R P 2500 S5 I B 2 i N AS
5, AH BRI RS MR SR A . AT SR T RS B 2%
Eprid, BWIM 24 EEEZ NS, WEEELE. EE. 552 InE RS
JE WA E FKAF LA 2 N o B e ST, B P9 AR oG A o T R TR
B .
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1.4 BRPESHRERGIIRERER

1979 4, Moses &L T M 2L 0§ 1 7 BWIM RGMMEE, JF iDL
LT 568 ZE 5 et = A AR o R ISERIE T R SR IR R W, 2 WA A R A 2 R AE M IR
TRES, AT R PR AR G - Ak s SR B P AR B e B . {E AR BB B &, Moses 5132
W T JE RBARAL T L BWIM 2 4t 1 2 A 408

1997 4, BREMiAL 7 (BRI ASFRESEE Y, X BWIM R4 H&EH &4 br
SE 7V B M NG B SR AN T SR A T g — Rl [RAE, BRI AE X BWIM & 4t i
PR AR B AT R =W AU 2 A b, 8 d 5 3 WAVE (Weigh-in-motion of axles and
vehicles for Europe)@i H U4, FF45 1E 20K BWIM R G kil T2 SEBr iz 8 4 5
MEBRNEZERE R —.

2000 4, Ojio 5F1°1H YOk BWIM 5 4t 5 I 28 40 M7 S8 4 5% b 0 47 350 26 00 s )
) R 5 4 o HL e A 5 A AN R AR T AL A B2 AN AL RS, RS T
Wb EE L BCE LB AR A B R )

2002 4F, Znidaric &0V I 0 My G 5 0 100 SR Ok 4 B RO 2R AR AT AL R, A
RSP T 04 HE S W A W AR AT (B 1E, BEMA T 5 45 R E AT & SLhrif o, oK
HiHE T BWIM & 461 A0k, 5 A i F G .

2009 4, Kim ZEUTCR L 48 BWIM R Goxd K5 B M 22 000K FE A IR IX —
REER A, -H T —MET ANTHAEME LK BWIM REHE SRRl RS
T o R K R TN ) R R T SR B B R R R M b g3 ) AT IR 3 i
XF F $ 73 B AP EAT 7.

2010 4, Obrien ZFUIET BWIM Wi I 2088 F0 5é e R P B 45 2R, A ROF Ak
T AR @B AT X R A AR BRI R AR . B S, Obrien U1 A
2 BWIM 5 48l ik I 73 () M B2 45 K BY B AR 45 5, SEIL 1 0 22 0 47 28 2 i A5 B 1
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) W

2012 4, Gonzalez SFPOVE I WS My K 77 1) A1 B 2 AN PR B AL IR AR, ) B I B 45
45 K N AR e A X BWIM 2 G2 R 7 B2 o B A7 A2 R S AT 1 & B BR, A &%
iy SEZIW T OF 4 0 5 o ol I 0 ) KA

2013 5, Buro %W i R H 2 T Tikhonov 1E AL BRI ISR AR 7575, e T
P AT I A S B i B A E R . WA SRR, S A far B BN ) RN R R
FEI, IS R R B L R

2013 %, Zhao 52Nk Yot 45 BWIM HE A8 A B8 X 2= 5 4nf 290 1m] 73 A 1 0 3
A7 AR AX — R, 2 T AT B R AN A) 40 AT RN ) — 4E Moses Bk . Hol kA
FH A G G5 K 25 0 R A ) 12 A Wi 2 AE , KT A [ 2% i £E 67 B Ak 1) 45 49 52 i) 42 i3 4T 3K e
HETTSZEL T 64T B 25 0 a7 s B IR AR ) o IR, Zhao 2% UVNE o B FH 42 B 1% 1
Wbr g MR E e 2, A A S T BWIM RGAE AT B . BE TS
L K B B A JE 55 T T TR )R BE

2016 4, Bao @it B B A4MRIG ML, FIH BWIM & 4ol By 3K 75 1)
AN TN A7 B My B A5 AL ) B N AR e N A S, ST 0T 2R A S s 2 A OO0 1R A BT A

2016 4, XA AF PN BB BB TR I, /N IR 4 BE A 6 2 Al 22 0 R B AR UK
ax I P S A AE 5 A E S AR R AT A ROIOK . AR B,k Xy B Ak
MRETF RIS M, 30 0E 12k /N e 5K 1) BWIM R 4 fie % 50 4 i S 300 42
AT B P AR o BRUEZ AL, R T 2R A R AR T A I S5 A e B AE S, AT R
5 /)N Shannon 18 £ K0 22 345 S AT 150
1.2.2 FiBlZEH0R R 5%

WA w SR, REFZHEESE BWIM RS E 7 REWR, H4E
SRR R, E BB R AR — e R A2 T2 R G A ORI M R
f B KRR RN, ZRSEICAFAE 2R E R, SN A R
ANRZAE . B, WER MO BTG E ARG R RM R A EEE L.

2010 4, Deng 55250 i 43 A7 A 2% B S If R AR e B, 28 e B S 45 B it B AE 45
o by A BB Aar 2, BE TR T — MR M B2 5 e T G ) A A I R R
J7ik e [FIE, Gk IF R B AN S e K, R BT AR VA R AT AT I . S5 2R
T, A7 VR VT RCGT 2 RS A TR AR D ) S A e R 2, L BE R 4R B B )
R Z W 3% LN .

2013 4F, Bao %2017 [& 3| # 4 L8 R AE M i b 1) 23 A A7 00 B AT 72 18] I 1k R 12
R T A T R A R BEAR B R R s s B AR A s DL RN T vk . AR
BT ZE MY R A AR A L ORI R R e 2 B8 SE I ZE S R R 7 2 A 2R 1 G OC R gk
fith b, R e 4 8 30 0 2R O AT BE LR X, IR I 51N B 29 R 7 1
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ST B A AE BRI

2016 4, Ojio LMWKk 7 —Fh2E T A LT M EH AT cBWIM R4,
WA Z AR E MR EER AN EmmEs dE#TIdx, A
Lukas-Kanade JEti% S8 156 2250 B 46 A7 B R Bl BE A5 2 0080005 [RIEE, 38 o R A
BN AR SR A B a5 4 b B AR SR BN 15 DL AT 32, JF 2 TSR T X MR B4R
JE T o

2016 4F, He S8 ¥ A5 B /EMF G450 2 2 B 4 AN I A5 6% FO0 sk — #R 1 =2
B, P T MR A T SN A AT B B L Al EE A Bl B TR R A0 R SRR
W 1.5 Fise ZJ7EEANRE W B0 HivH B DR 3 22 30 57 5% A A 1 e 4 ok 0k &5 2R
I8 RS, A R R T 4 A B ) K TR R

1.5 B EMEZRERINERTRER

2017 4F, Lydon ZDN@ it F) H JeeF A5 2%, B 7 —Fhol T 42 HlR i 19
Nor-BWIM R4, FF7ERUE 3RS 1 AR ) B A5 5 R B6 il b, 5 AR 1 M 75 Xt
MEAE 5 1 52 e 72

2018 4F, Algohi B0 T — PRI FH 75 2245 5 AT 28 BT 76 467 B S AT B0 B
A5 BRI R 5, R o R B Ah S 8 ) BT AR U7 VR A R R AT DU .
LW AR MR ON O e H A B AL AR 4 A B O Ay ) 2 B3 T AR KRS, X R A
iok A 4 4% IF 45 ) Bt AR R R RS S AT SRR A AT, AT SR A AE LI (S

2019 47, 2R 4 ZE S DG 0 ZE 503k N (B H ) 187 S B B2 IF 200 50 245 ) SR8 I ) 86 i
BORIX—FF rl, & T — PR A B 2 S B8 Je 3R AT 2540 b B VR0 R . AR SR
AR AEAL B R IR R b, A S0 S R e o ZE AR Al B AT R, AT LA
T &9 BWIM R 4075 22 & WA it X RFIX — AN R 2 4

2019 4, Dan %EU2E I I M SLBrig 8 Efmr G 8, B 7 — BN R
MENMERG. BNRA DT NNERETREAMUBBIE T REMWH 5. HH,
BT FRE RGN R B L B e R S B AT, R R A sz B
X ZE 5 BT AE AL B BRI, DT 15 B S PR IS S 2 A A #LE M AR 45 8 L I SN o) AT i
Blo I LEA S ARRIT T4, B R 1 M 55 55 40 2B 007 I %) 1 B e 1 72
J15, Wk 1.6 Fioss
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Bl 1.6 ETF P B R 0 R M 1 L R 4
1.3 B Re M B AR IR

gk 4 fid B¢ IS I F72 R (Structural health monitoring, SHM) & 5 X F 20 4K,
& 8 A FH B3 i U 1R e 44 J8% 3R Gt 0 &5 F B AR AT Dy A7 S I, I ok o) B
A1 M) I &5 7 XS B XS 4 R 403 45 R R S A R I W AR il AT A 00 B T 5 A S B
BRI EENE, A NBERS MBI 4. B0 BUE R ALK 4 ffe 0. R—
Jri, BEAE T EARFEE AR AW R R, Ik DN TR R B R KT BB A
AT T AT LASC IG5 R A . o, AR S5 R e R A, & B AT C T a2k
T8 I AL 28 57 2] 77 VR0 R I s R Be B I M AR AT N AR AT IR R, A
RIS I, R R0 M A% 4t oR 500 1 455 =X b B X DA e 1) &5 R R AE B =X
Rz A, FE T 0L A 5 R 1 45 A { BRI At e AR A L < R AR AR R L “ i
IR Je MR A B S0 R, TT AR B N AT 9% 1+ R
131 REZFIHEAN

YE NG Bt md KRB RHEL 7, “ K¥dE 7 (Big data) BfF HEEEFE .
WMEKEE AV EE Z R A, CIFRIE & TR S B R B 70 438
RIS LA . 5485 N T5 A7 NAHLG, 8T KRB WL 28 & B 5% ) 7 AAE
PRI B L PRGBS A T T B MR L, BRI A Rt HE Sl 1A Ok )
B R BB .

BE & TH B AR E EOR BAS B & R 5 A0 Rk, ARk DAN T8 R B R MK HE
) B3 AR R0 T 45 DLIRGE K e . 2017 45, B 45 Be A e — AR N T8 g & R J 4D
H R, FRURAE B N TR e iR A 2 B K & & B AR JE IR 1E AN T8 R 9
AT EUAS B BB ST, TR JE 5 2] (Deep learning)F AR I S E 5 F IR A HL2S A0 0
BIE 2 #1556 A 2 0F 7 A3 15 DL 2 B BY . B AT, IR S 2] HUORAE R TRE A
P A T AR TR e SR T AR R ) L AN S A R TS R TR ) L B R TR
WU PA K 58 18 AL S N TN &5 7 T B, BT R B e 8 I g AR Y B E IR R G
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FH 4 22 X 4% (Deep convolutional neural network, DCNN). 7% [ & 15 W 4% (Deep belief
network, DBN)FI{% JZ 1 5 #1 22 % 4% (Deep recurrent neural network, DRNN)%%, Af
K MR I 7oK E A TP,

2012 4F, RIS CTE 5 vh B Tk X% 20 07 U DONN 28 A8, %f
AR IR e A2 P AT T 20 Mo MR EE SRR W, ik 57 R AN e % 1k 2L 1R
AVKE R, HAF R RCR B R, R AR B A 7 T R I T BN R PR RE

2013 4, Catbas 55 P8VERSF PR 45 4 AN 5 1 DR 2 P ] e 3 25010 A BR e 43 i 1 22
o] #, $&4 7JE T Levenberg-Marquardt 535 N T & W 2%, JFR N A &2 T 5%
5 K6 1) PT SE B R) R RIE R 2

2017 4, Abdeljaber £ B1KE DCNN W £ &7 ] 28 T 8% 25 #4) (1) 453 4% i) /LA 98 4 o
T8 3 DL 1 AW A 28 S ) AT VAR, R Dl i M2 5 R R e B e B 3 R B X 45 4
TN BUR G 5 R R, IF S 2 SEIL 7 o0 40 407 i 72 6 B S TR B 0 4 B iR )

2017 4, Lin SEUONE i fe BUE BLWTE 5, R @ SR B g L TS [
TG B &5 AL A AE Ve S BB S R & I AL R4 T e B A N A DCNIN ) 28 b g
ITIER NG, B Z S 1 ) 45 M 40 405 6r B 1 40 B DR, ELSRAS 1 e 1 kR B2
WmeE 1.7 fios.

1.7 EF DCNN W4 B & #1545 12 7 75 5%

2017 %, Gopalakrishnan SFUUFRIHIT# %2 S HR, H & KA B A LIE L
ImageNet Tl ki 1R BE 5 =) 155 8 87 R 28 56 I 7 7K U ik B 2 1 B AS 1 25 25 2)
R4 299, g &SI T — PP 22 18 i TR PR AR B 0 H Rl 5 SR B R

2017 4, Cha ZE14210] Ff DCNN W) 2% X VR &t - 45 g R i 24 42 1t 47 1 KR 510,
b 6k B i BB R AT AR AT N R AR SR B T AR . e 45 R KW, DCNN M
2% B 5 0 R A SR 8 SE RS B AT B R A2 20, M ] SN S SE B AR AL B
R s Bz iR IR B2 A5 S 2 AW 0 R R R B R AR ) R

2017 4, Tan FEWUNFE 5 FIHIRE % Bt RESGNLS = TERSH AR
b L, @K DOCNN M4 55 T s i i 2 IRPUR2Z 2N BMHE S, &

9
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ST —MOIRA ML S s I e i O 2, ST TR A A R
50 1) T Ay

2018 4F, FIA S AR F IR B 24 ST W 48 SE L T — Fh T o 40 &5 1 26 10 465 b 155 1o
e I 7 3 o L I o) ol PR B AT T S B, R A R O R AR B I & Ak
R

2018 4F, 5 S5 VS VER X 22 26 5 48 i 5 M SBUER 49 A B VR Al X — 0] R, AR A S 40
Pt A, s AW A g Al b, I DBN 4% SEEL T 6 M 4
iR AW . REGEE R, Z 7L SEEVLE ] AT R H
o

2018 4F, Wang 5146153 51 R F 95 Fi DCNN i 28 /0 28 15 70, o 40, 45 ) 4k 45 #g A
[ 5% 40 155 0 AE PN T K TR PR B R B AT I R, B RSB T R I B s R RRE A A
SERIRIVEREAT I TAE . MRS SRR, Z AN A e R Kb RV S
VU SR 25 BT SR S B IR B T 94.3%, R34 M B i 28 2R 0L TR 45 44 B4 G AT
%4,

2018 4F, BRI ARZEWIIET DONN 482 H 7 — Fh 2k & 3 453 40 3 BLAR I 7
o FAE T FH AN H £ 8 ST B T A AR CEOHE FE R SRR B, JE S A4k DCNN # 4
W& IR, STREAREIT T 0284, JER&RE T HEFFET 95% 00K
2R

2018 4F, bz I AR USVER S o T 453 4 TR 90 A 0 1) A, JE O R DCNIN Y 4% %)
T A R EHE FE AT T o RSk, I IR R, IR B 1R & 4 5l %
T T0pixel B, ZJ7EEX ARG, ST ST TH0E A B, RE A
RACHE v A W 5 R ) S T 0 e R AR )R B

2018 4F, Wu 5515 DCNN M 48 0f B g HEE R R4 o 3 HEE AR 2 1%
RGN % HHE = ZWEZ B3 i BAR KT T o, FEE5/Rg 2 ZRmER
% (Multilayer perceptron, MLP) F &z Il 2L AT 7 X b MR SE KRR, %0716
{3 352 4 1 SIS 5 KRR AE I B AT R T, HO 54 SG MLP 7 A b g R B A
B 5 1) B M

2018 4, Chen FEDOVEF Xk 4 45 1) 451 405 far I I A, M DCNN I 2% SR FHL 1 %f B
IS RSO AL E R A RIS R, %7 B A BT
SRR T R DRSBTSt T 40 /N R S AR AR EL A B R AR

2018 4, Atha S5 VH] FH DCNN X 26 5 40 45 14 2 T 149 455 Tl 195 0 320 AT R il iR 001
Fotr VAR GRS E . W E R SER RN R W f2 E, W 1.8 o
e MRS RERY, & YCbCr i 4b 3 J5 #2245 1) IR ) K 5 5 4 RGB 51 4b
S BT, R RS8N B3 Bl 6 B sk 5 A DX 3 1 Ak B AR B R 4F .

10
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1.8 & DCNN M£& N4 4 55 iR 3 75 5%

2018 5, 75 N4 P/ 22 4G I BEOS , 70 8 57 28 4N 7 VR it - TR A% 3 I 75 2
B R A SO P R A b, I DBN X 28 56 25 A 1 540 17 0 3E AT I 2R A .
W G R R, %7 1R RENE ek /)N M S S PR BT DR 2 0N 2 AR I sE e AR S, HLAH AR
£ 4t Back-Propagation i 28 % £ EL A3 5 =y i Wl K

2019 4F, Jang SFUPSMEH T — P T AR B GO 40 10 AR B IR B 2 2] BB 1
[RS8 L K5 NP G BN 11025 I S S s W LS IS < VAR v 8 I o o= i W o
IO &5 g AR Kt e i B il b, ST 1 5 R N A A e iR R A R B S OR AR
[FI By, @R =F DCNN #1482 (AlexNet. GoogLeNet [ ResNet) X} £ 4
WREAT 7 KNSR, WK 1.9 . R KR, REt L RmMMNE 5 H
PrERE 2 W BA — @ kB, HIET ResNet W 25 A5 AR 1) 0 358 15 551 2850 5 AR X B0

1.9 &F DCNN W& )R B L8 E IR A 7504
EXETIREZ B EM SR 77 m, MRXEERFRE 7RIV AR
TAE. BIanfE 2015 5, Chen SEDP4NE I DCNN W 2% 5 1 5 40 & I 28 AH 45 &, 5K
T — A D A% A I A R AT RGR BRI E B BOR T B NS SRR, %07
TEAEAS [ A A0 A% B U RE 22 R B0 A I 25 SR 3 BN BB, T SR R I M 4515 5 A e
JE 55 PR 2R T AT RE 5 B 1R 22 B2 .

11
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2017 4, Yu S5UPVE SCHUN & W /N B 2 347 40 o R 0 Al b, ST TR
174008 I FEALE N ) 50 A0 I B8 20 s PE . AE A B DCNN % B0 #0408 e 14T
KNG, AT X ERER A iR . [, @i Faster region-based
convolutional neural network (Faster-RCNN)M %% 5 Bayesian & A1 245 &, BRI HL
SERC TR EMER T E AR AN R B B AT T RE

2017 4, Zhang 55POISZIL T — P B T IR B 2 > B AL 00 25 400 58 18 I A R VT AL B
AR, I P AAUPE 930 5 30 o 28 il R B HE AT SE i 4 8%, IR A Faster-RCNN
IR 28 5% It 4 R A0 EEAGR Ph B 2250 H B HEAT RS, AT Dy 58 38R B 20 A i it s S .

2020 4F, Jian SFPTR T — i B TR RE 5 o) B R ) 4 3R (1) A8 AR DL VE
flide AR o O IR B 2 2] BOE S 1O AR AR A R R ke A 5, HOAE R
AR AL S5 G O T HRE A B B IR AR . R, 38 5 e 2R 3R A i R N E
ARXTHPR AT IR A . BE G OEE BEAT TR M s R, %
ZE 5 A B AR 0l B R AT R M 2 25 A P R 22 A VT Al S 4EAZ O R ) E BRI RO .
132 HlERM A

AR, BEE T EAUE 5 & LA SR B 4 AN B R R, ST LS A0 6 8
AR G5 ) i 5 M U BT A A DA SR . L AR AR AR Al SO L I ORS R v A AT
SIS 2 A0 AL, COIT AR IE T O A DR IR N BB S . R E A A I
T T RBIWT T .

2009 4, Zaurin SFPSHE H 7 — L T 0 SO 0 3R (08 Y i 2 4 A B 2
Ao WP HDEE FE, AR T AR o 2280 H AR 5328 Kl
o PR ER SE T RE

2012 4F, Catbas 55013 i B F AL 48 40 5 £ AR X 8458 Sk B 40 45 () AL A0S 2 E AT
BT AT, BTSN TN A B AT I AR A SR A e P AE A B KR IR ) o AE I RE A
by S A AR G AR R AR A R, A R T G R B N S 4, g 8K
P70 B 22 451473 1 50 1 e WU 1 At

2015 4, R 7 S O R P & AR € FURAE B LR ¢ R B0 kAl B, xF
LRSS KR BUR B AT AR et 5, R I 5 3R B0 RS 00T B 45 1 R s
AT HAH R AT, e 2 ST 17 0k B T 402 1 2R 4 (%) R A U R )

2016 4, T AL B S OUSE T — Ffr 5L T AL 8 A0 0 R B M 2 4 ) A U R 4
I8 1 A K BEAAR UL L R . BE B AR UL e Bk R VR R 18 R SRR SR ROR XY
SN A R FAT TS s A, Ed AR A SR, XN
RIVHAT TARCOR A . SLEe =i sl R B, %07 B B R RS .

2016 , Chen F5O2M2 1 — M 5 T~ JE 42 fish UL 28 40 3 43 R 1) K 5 1 2 75 40
I 25 43 A0 A B T 7 1 . AE R BWIM 2 G0 28 40 % 3 555 Sk AT 00 1) 2 Al |

12
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WIS A HE SE S, MM A L s R E R AT R L, IR
FHRE T B8R SEIL T 0] 22 493 B 028 1) S I R B

2016 4, Santos &FIf k7 — Pl T B R W R 30 1 B0 R4S WL A8 R0 R 4
Z ARG AT AR A N E RS R R ) A E B R, B R A H TR
ML SE 7 DY RS T PR R A, B ST 1 0] 45 4 iR 3 0 1 IR )

2016 4, Ye S5ONER A% Gt 45 W B AL R W & J7 VL T AR AE 1) 20 n) /L, EB ST T
—EHETHSE M AR AEEA SN & Rg, FEW & T KER LR &%
(Grayscale pattern matching, GPM). # & =X /L iC 5 7% (Color pattern matching,
CPM) A1) {8 2 5% BB B 575 (Mean shift tracking, MST)% /5 ik . 181 JF J& B 37 i 56
M, oo B HEA AE 42 ter U R BB e 2R EAT TR A

2017 4, Khuc 5FOVER X B2 R BUK & 3716 45 19 VR RE VP Al 1) &L, g 57 7 —Fhdk
T AE B A L A8 P D AR 1 25 4 £ R M R 4.l 0 SR ot Oc B R UL S AR
BT LSBT S5 A AL RS R SN &, T T 58 RN S A IR B0 18 D 5 43 A R A
MR K, 1% RS R0 B SEIUN I AR & 18 1 ge PEAL , w8 2 280l T
5 o T fe R M r) R B A G

2017 4F, Feng S5O R T — P i T JE 45 fish XML 28 40 5 45 A (1) 25 44 67 7% 18 52
B AL RS, IR I I k56 MO0 1 A AS B PR RE #EAT K. A5 SRR, AT K
ar B MR E AR R MRS R a0 R 2 1 e S0 A

2017 4, Feng Z¢7VH J th — i ik T~ B #48 W 0 43 AR 1 A 422 A =X 8 R 0l 2
fEIRAS, B R WAR R ILEC SRR, B M s Bl 16 2 M2 F 45 2 28 me )82 1 [) 25
=ITAh

2018 4, Lydon 55852 7 — P 3 T~ JF 42 fish XML 28 40 5 52 AR () W 2 18 5 I &
Tk . R 22 A T 2 LR M 2R M IR B HEAT IR, IR A T 45 A A 2 i
B 55 A S Aar 28 2 18] R B 5 0 &R .

2018 4, Khuc SFO9ME H 7 — P dk T 148 40 00 15 AR (1) 25 /0 401 0 VP A% 7 i, AE
A FH S AR AL A 43 foo G4 458 5 30 4 00 r 8 3 N B 285 g o) N7 A b 00 B A SRR A b, BRI
AL T G AL WA TR, I A 2 SEI T 0] S R 45403 R T VA A T

2018 4, Luo ZEUOSZEL T —Fh 4 N InnoVision F) T BAAL AN G AL FREE R . I
oo BRI R HR BN G DL AT IR, RUNZTE R A 5 SR B R
W20, PR N A T AL 2 LD 1) 45 A A B T AT A 2 R

2018 4F, Tian &FUUHR M1 —Ffr 38 T A0 5 D0 & 432 R 0 N B0k < fir 28 S 8 7 V%
FE R mdE A AL B Nk iz sh B S, R R BRI 38 J7 5 SR B0 1568 N B0 AT 2K
() s v ol I X HE NAT I R I3 i3 Ak, 6 BT 42 07 VR A RhE i AT T B E,
w110 fis. AR, T ELRAEN B RESERE, BAFE
Sy i v /N T [ 7 N 40 Y7095 Ny e
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] 1.10 36T 4188 90 55 5 A 0 A B 25 7 BOM R 75 5
1.4 AXEZARAS

1.4.1 B KIE

AR ST AR 5 R VR T 2K E AR S e T - (O T AR R Ml UM 4 A 0
T Fe A DX 18] 17 5 5735 B M 9 45 K 5 i T S i) o % T H BE XS AR S8 BWIM & 4t il
it v R AN 2 LA A A B v AT 2 5 A AR R AR S n P B A A
AR AL, LT RIS TR S AR L BRI R U7 20 X R R SRR
T J 2k T A 45 ik AL 25 AL 5 M 00 52 R 5 DX 1) 15 S B09E5 FAD 2 45 A 532 Wi T S 5 7 9
i I A B AR WLAA ST T 2R s B IR O & A R AR R AR A DL, Se I
xR G RPEBEIR S PP A o 12300 H 78 70 A 1 A5 ik UL 25 A0 5 R S50 AR AE
Z {5 e TN e PR S < BRAR R A R RIS, SR T Rk
i S P CTE T A AR R “ B BWIM R GUSCRF 7 B RE I BOR
N HEAT M B IR PR VA7 R AL 25 A 08 IR0 A S 4R i B BRSO . 1% H 2 E AT
FANAERB SRR E 111 s, FEAE LN YA J7IH -

(1) F&TIRE 2 BRI R SRR 0] R Se B ) Al 1o A8 i S L 7R 38
R PR Bt e i Rt b, R R B 22 20 iR S B e EDIR S T RS R R
B G KR R A TS S, 0 N R S A Y e B R e XA A
B, NI SEBL 32 8 2 5 O 00 1Al oF 20 B

(2) TP AT A bR A = 4 4% W) AR AR % 40 1) 2R I 28 Ao JULTE R I IR
KA J AT A bR R EHBAR, 56 0= 4 23 7] 52 bR LA 44 5 7 T LA R~
B2 B AR PR RS 40 0C 2 IR B A il AU I B B0k, @ AL A £5 55 5 3
SEHLS A AE N T P AL E L AT B AR E BRI IA

(3) T Pras A0 R i S B I8 B ME S A R s AL R R o ULl i A B AR
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ST, ERDUB R IR R S AR R Z (A Fe e 0 RN A b, 3EAT T An E AR
CTE DU IR 25 M I RE 3 7 % Wi B2 VR ) 5 I 3 ST M 42 45 A A PR o AR 2 i SR il |
PRIF A FH 2 A7 72 B AR 5l B AR BE AT 2259 8l A5 B EL I R AT M

(4) 2T X 1A) R 4 S B 30 SR 100 8 45 A 532 Wi T Jse 6 o AR 908 247 90 480 A 1 %
T % o AR B X TR oy A A, 38 IR AN e A LU AR B AR oR IR AR AR
W 7 R ) JE it b, X A R VT FROA W X R EATOR A R, @@L 2 AR
T, X & R S Wi T DX TR EEAT SRR, B 2SR A M B 5 T (1Y) S

111 BEREANZESHRASTEE
142 FRAR

2 M b P9 = P N o - 2 ) B LT T R O B L e S D EE S e
TP 7 3 R B 22 ) BRAR KL & AL 08 BOR 1 2234 BOR A BRI 7. AT Rl aE i
ARIUH BT AR, 20 G4 805 B (R L . SRR Bl K sk I Ay
B BAT A ROR B M S AE E, SROER “CRRACEBE M A “EFRH BWIM RS
SR WA SR AT RO AR R B, AT DY SR B R REMR R R COR ATl T
P TR SCHF

Bt BE T A R, UL R B R S T R GR ) LA A ST R T, B
PR E 22 20 B A2 300 A [R) Sl U A R 6 g i 2 v e B 5 76 o A AR B A 2, S8
Bl A A5 5 SR - 2 0 4 ) - AR SR BOR U R, AT D figé o 45 4 e e
e W ATF 5 AU R 5 O R AR R 0 A % 1 A% G e B IR B B . BT ST IA
AEEWE 112 Pros, BAEELCR N

(1) A DCNN [ 25 £ BGRB8 iR A7 D0 35 1 22 3804 1
EEG R P A A5 5 i L % A O BRI R AT ML AR 52 ST, R AR IR R S 5
IRIR R L P P B s B S A A S A, AN T 8k S A FH A 4t e B0 A O SRR AE 4R 5
BEAT SR BB T, S TE KISR0 B SR HEAT A5 5 PUAL BRI I8 I X
EU AN 7] 535 A BT 5 A R A0 L 0 S BOROR R R & i SR R R 5 1) R T 1
s A H 7%
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(2) L 73 Bl T e A PR T BUE AR A > L 6 = A RORE R K 56 A B AR B3
Ser i X S5 07 3, R T S Ak R R S S0 B AR S 5 R R AL v L 4 HI PR A B TR A A A
5 2 U 7 5 1 AT PR R A R AT A . B B E AR I L0, R AL A
FE) 5 AL T 157 B8040 ) it b, P R R S 20 X 4% S B 3B R A ) a8 L L AT
TR, IR 12 7 10647 B R A S T R AT B A T S A A R R R AT

(3) N FRHCE R I 2 ORISR, e B AN IR0 30, PR A A B
R A e A B PERER DL . AN, BT RIEM AT, RAL KR
AR B EIE S ImageNet I Zrid 1) #oh 28 00 2% 45 7 A2 12 R A 0715 5 BRI
ol il R T b A aE A

E1.12 HRAF—RETEE

BEXWT ST R A, S RIEE XS BWIM R Ge i s R 2O R R A5
i I 4% AL AR 12 A a7 2 SR AL L SR Se IR 4240 H by 8RR
DCTa] S BT R R R I 8 A A AR B B IR . BT RS R B A 1.13
s, RGBT AR:

(1) seBLEE T A 807 A Ie a0 200 A An B REAL il &2 48, et —Fb
BT IR S S BRAR KR AR IR R BOR 138 8 T H b A U R R T o AR B ST AR A A
WL P A5 K A P ik ity b, 3 S 0 g O e e B e AT B A e, X T 4R U5 A AT
IFPEEAT YRR . R, I BCE A R R PRSI T, X AR AL AR AL Y 4 A
A 0 2% 0 00 8 W E AT DA

(2) S T AR 45 ik 2 SR D B U5 KA 2R 3 i 8005 SR B R, L T IE
F T A2 3 38 % ) M A SR AR e B R . RN, B B SR I 2 5K BT A7 A 1) 7
Ny ZH5EAR AL, RAZET AT A R HIRE R, B IEAZ T 2%
s A AR LA A e OM FUAR € AR, oL 1 AR AL bR 2R 5 4 B 1 O AR A
RIS OC &, OB BRI & T sU R H be A4S B R S I S
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(3) LI S I 7T, IR T BRI B U5 A B A B e IR ) BOR
AT SVEBEAT VAl o 8 R 3 747 2 b AR 10 2B R AR #0773 58 O LA g I
YEJG, AR G AH HLBE B 0 A AE M Tl B A S Ar B B AT 73R, [, i
BEAFE I T, BRI 2 05 V5 A A [F) A A 358 ke 0 28R R AR e 1k

1.13 AIRABT ZRiEETERE
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#28 BT REYIERMERTERIEMTR

2.18|8

FEXTILA BWIM 2 Gt A 4250 A 38045 2 AR 0 1e) il P A7 £ 10 4658 A 0 AR /=
NI Y& AP VN e T B S N R 1 ATl (R i B i LB RPN
> ER R L A R R v L 5 R M 2 b TR A AR R TR o AR AR ST I -4 B
PR IREE 2 IS S -Wr sl 0 s BB SF A R WA BEAT A A R Gk b, BRI R B
251y _B3s 8 A BOR B R R, o AL TR SO -AS Bl BN - R S IR B
BRoc AR, IRt SR AL 1 S5 B A N BN . AR SRR B, JE -
P53 At B RS i S Rl T AE R AR A4S B AT SR, IR DCONN W) 45 4 7 x
Ft AT AU ZR, AT SE 30T 32 78 22 4045 5 1R TR0 % 11

2.2 Bf-50 7 th I 18

£ TR 25 M IR 30 e 1] @ AR 550 Wt 78 05 1T, o B o A v e 5 Ak 2R 0 45 4 T A5 S
W 2RI M AR-F AR R RIS, X T DLAE- M & 4R 3 R G4 N AR I AR &5
AR RIS, %GR MBS 7 B B0 W] REHE Jo V20 JL 8k 47 78 70 R il 72
BRI, e 3 & 18 O HdE 0 B 7 IR AE R R s ) @t e B EE S . (EAE
T AL PR AR N B R F Bz —, B -0 2 1 BOR (Time-frequency analysis) 5 1%
45 I 38 BB 23 B 7 R BT (R, G T [ IR I TR) R A e Y R {E S I RE B R ()
JESEAE BT RE FESLIEAE b, 1S EORIE BENE X AT S 2 I AR 45 0 ) 1B 2
AR M AR BE AT T B o BR L2 A, X T AR N - g B HOR Ab BE BT 45 1 4EF T D) AR
AN BE A% B T4 T M e R 5 AL R 8 N R RO AR AR R, OF HL2E T R B9 B R IR
AT E A AN AT B A W A3 Bar, B -Aar Hr Bk g B N A A 2 2
BN X AR A SN RS S R R A R . EE AT, B & EE H
B H R F B E B A RS /D I AF e (Wavelet transform, WT) . % B {8 B if 4% 4
(Short-time Fourier transform, STFT) & 4% 4478 4 (Wigner-Ville transform, WVT)

fariy
~J3 o

2.2.1 NVET R R

YN — TP SO BUE 7 BT 73, WT 2B i & o T 0 A BoG AN /) R /47 %
ZH RS B2, ZHARBE MG ERIEE TR, TR K TR R GE S
(% R AIAL % 8, 76 ST IR KT 13 500 AT 350 40 Ak 40 40 S 28 1) K« 25 4930 43 A 4 4 Bt
VFI i) o b B Ak SR B b, AR T E B & BT HE NN R . (E
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R A — i R B A BT T B, I 22 /N PR #: (Continuous wavelet transform,
CWT)IE X 5 N AZ 5w B (1) 4% SRR R T RR Rk 225Kk, BOAL RS . T BF ok JiE 45 15
SRR AT AR e [F, AR S N UE AL RE 1, CWT AR AE TR 45
Fa A R Hh WU A5 3B N A4S B TR B G TE . BRI E . CWT 0 A X IR 4R 4 A A5 5 132
o ok #2 0] 5 O

CWT,(a, b) = % [ x®Ow(EDdt (2.1)

He, aRRMHR T, bRRFERET, xRN EEHEETH, pe)F
7~ /N U BE R E (Mother wavelet). 815 OL T, /N ECBE R 2 46 BOY X 2 8l ad®
W, AE I A A BRSSO B S b . BRI 2 Ah, /NIBE R ROE N 2
LR #E ) -

[ BOL G0 <o (2.2)

R (7]

o, P RIFPOLM BRI HT HHEHIE R, 0B 5%
T4 han(D) = 2D, WR(Q2)FH AL

CWTy(a,b) = [ x(O)Pa,()dt (2.3)
EAFE SRR, CWT 22 # % 03 95 78 T 10 35 6 3 1 /N 3 5 oR 2 (Wavelet
basis function), XK B2 5 W 25 5 Ab B 72 1 94 7 M6 A0 e AR 45 2 32 B A Rk
— R E DL, W BN S R L AL 45 Morlet. Haar &2 Meyer %5 . 2R, HET
FE/N P R BOE BT T WA — B PR R R, 8% K2 K0T N T &% A
Wro HEHEAHOCHE WA R R I, T Morlet 25 &2 CWT 2 #1 7 1L 7E $E U &5
14 30 25 W A5 5 I ARE AL AR X 7 T B S B AR B 2 R U, BARTI E, Morlet /N
Emie KRBV TEREAERIEANRZES, HAEGEARKMmHTTE. T
Morlet %= R E 1) CWT e L iA AT R R x0T -

CWTy(a,b) =+, x(Oy’ (%) dt =< x(t), Yo p(t) > (2.4)

R, Y OFR YOWEIIE. BAKIE, Morlet /I 3k o8 BN — H00 E 1E 5% 6K
K, FLAEW /AR A R BR AR A O -

—t2

() = n;feﬁeznjfct, v(af) = e ™ pat—fo? (2.5)
v b

H, fifliommi w8 R/ DR R, WHET R Morlet /)
PR HCAE I /s A B T BRI B, 23 3 R R N

fefs\f 1 fi 1
Ati = aiAtw = f—lg, Afl = a_lAflp =

— 2.
fefs2myfp ( 6)
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oo, Aty # 5 Morlet /i 4 5 HI G IF I 5 9% A, U2 Morlet /)i 3 iy ¥ F
S5 %

WK 2, 20 CWT 427 J5 T 45 10 51 5 i P8 U5 Al 0 i MBS 1 4916 2
0 18285 7 T 1 57 4R 30 2% 9 0 A0 3R AT T LSS TS 4
2 R KO 7 SR £ 5 2 (3 AT, R O B AR MO 4 47 TR,
222 HREEMTHTA

{9 — R G IR0 308 17 7 5, STIFT 25 Bl i i) EL 7 T80 0 P £ 48 3
Mg, ATSCHUR AT RS A BT AL IO, LT B, E i B A BT AR A
PR S A T B U R0 A B R R 4 % A B AR
W 0 % 2 4% 43 i 0 4500 X 10, 7 A A0 A I £ 5 57340 £ 7 s (SR LT
By M40 T 3 et 3B S 3 e U AT A e BT 4 ) 44 B 2 T
ho . FURTI %, HET STRT A8 5 f (5 5 40 H 5 B2 o 2 5 T 090,

STFT,(t,f) = [ _x(t)h(t — T)e 2miltqt (2.7)

T, o 0R J B SRR I () 60 I (8] ) B 5 f 32 oS {6 L v AR 6 5 B b ) SR, h(t —
T)e PN R IR STFT 12 pR %L

ESEPRiT SR RE R, STET Th & B v i 8] /400 R 4 % 3 bR o O R ST AT
g, HAHRN 7 P 0 BUE I BE AR BN T K RIS, o T s bRt S
RAWERSES, KEaE®EEH TABERMES, NE D NEH T 402 &5
BS54, HEMEZNE, BT STFT WAREE 0BG REALM, RIZES 2T
ik FE AR LA SR T R AR RN AR, W STFT AR e A 5 1 3 /2 T8 vk 4 4y sth s 2 Ak
Fa AT T 0 A AL A LI 7 K
2.2.3 HEIRPT IR AR

VBN — R A I AR A A 5 o BT R, WVT B4t 2 SUNE S ot 7 2
BR) 5 ) {68 ST AR 74 % B R AN RE 3 ) AE I /808 A DR R B T SR R, I
RE % B 07 M R OBAS 5 R AR A B . MEN— M B IR AR H R, WVT
I3 TR T AT 5 x(6) I Ab B AR T R IR 7,

WVT(t, ) = [ Xq(t +Dx5(t — De 2/ de (2.8)

H, x(ORRFEGEESx@OQE I B EIRES, x0)RREEE 5 x, ()
2 L4 .

ST F , WVT e B8 AN AR L 1 AT 5 DL RCRT &8 e 45 0 2 00 0,
HLAE 6 TRAT R e (I 0000 R, 2 — A RO HodE o b T BUUY. (HAEREE R
& B R 2 o U 0 WA OS5, WVT 224 A A RE X B 4 3ot 1 7= A=
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Bl S A7 S

(22 I PR R W HEAT AT R A B . BAE SE B BT I RE P, K 10 28 SCT ] fE RS T
™ ETIAETHE ST, M5 R R 615 5 BTl A 1 [ A R RS S

23 REFIHEL

B N3 4F R N LA RE S04 P9 P B4 1 B B IR, DAV R 2 2] ARER B L 2 5
2177 TP 4532 W A2 AR R0 BB M S i 5 AL A5 S R IR . Ll g 5T
AT B BT e 2%, DL 2 K i Ao 28 oo % 35 AL ) 1 07 200 #ois it
170 B RT3, LB M A A SR B o 0] R T AR rh R AR T
2.3.1 REFJERHL

AT ER Y, VR BE A 212 — MO AR [ A R AR BEAT B E AR B ST T AT
2, ol R ] — 2R 5 AR G M A T Ok SR AR H s AT o BT AR B, AT A D B
A SRR R LR, D238 AR AR IR R s o 5Tt T 4l &
%, AR b E A AT S AR )RR B 5 A R R A I R R 1) IR A 2 FRAR
A G LA N EUREE Z Y, CITREWE BRI Pkt i i
WX B ESUAN AR mE R o, T BB TS, AL
THE 7 e M H & MR AR R B, il e R B il % . QU SRR
BHEAT SRR AL B, 3E 1 se B B RS R R Wil . SR, R T il
BN S ot B s AR B AR AR 1R B BEAT R, WO T OREEA IR OL T 1 20 3R AT
F A AR ML TE . (R, TR BESE S B R AE O KB 2 7 il R 5
ReAESE DI RE, FIAE G 7R WO 250 56 R B Bl 10 BT 52 TS OR AT FEACRRAE SR L, A1
MR T X — RN

B G Rl a8 2 S DR, e T IR B o 20 BRSO AR TR0 B AR A Ty B
AUTRE: (DRES S HRT H E#AT7 R R I, B TR AR S ATk
SRAERE R QIRE I EIE A Sk sE GPU BB AL B s B AT R AT IE S, M
RO G 75 GYRE R i B A 2888, il s RS B
i 75 ICAR T R R AR 4R AU s (4)iR B2 5 ) BR W] 78 70 A T A 20 K 4l F 78 1R
HA 50 R 40 A
2.3.2 BEIRHE W EZT L

FEIATIRE 2 S BAR AR 2 s BL B L, DONN #4802 4% 1 L 72 BR 7 28
YU & W HEVERE, CRONIRIE S TR A E R — . 35T S, DCNN
W 2% 0t — RS B B I RE RO IR FE ATt e 2 W 2%, B 9 KB SR AE o 5T B
(Representation learning), #8845 B 2 0 Fp S L0 4 A AS 8- 78 A 48 1 7y 38
(Shift-invariant classification); JiH i 2 RAEL A, 7T LU EARRHEM B £
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https://baike.baidu.com/item/%E5%89%8D%E9%A6%88%E7%A5%9E%E7%BB%8F%E7%BD%91%E7%BB%9C/7580523
https://baike.baidu.com/item/%E8%A1%A8%E5%BE%81%E5%AD%A6%E4%B9%A0/2140515

TR 2 2 AR LA BOR BOMR3E_E 4 BAR BT 7E

RS2, A B o T 4% 8 N T 2 R AE 34T Ar i (0 B BUP IRUS), BR ot
Z b, EEXTAS R R AL R BURR AT 5, o] 3 o 3G 0 N 4% 2 A 05 T A R T A
M BRI 22 S BE 7. < T DCNN W2 i 78 i RE 75 T, 1968 4, Hubel %0771
Pi RN M A A M e i 7 BB X — M, iy AR A E R kot
TR P ERIRL, K DO B SRR AT S SRR, O S R A T % A Y
)R JEBEE T EEHA, 1980 4F, Fukushima ZUSHRH 7 A — % B 2% 3k

e A, HAZ A A Pl A R A K B B T HE 2R 25 45 1995 4, Lecun
SN T —ME 5 MG E NS, JFi8 IR T 5 5w W AE 55 0 s
HMEREAT 7T, Hs &L 53018 78O R8RS/, 31X —
[ 25 AR Ak 42 I 2 AN T JF e Bt S A 3 /s ) B ROMAE 5%, 0 T R 2 B8
R R A A R S ST, T R A A AR w4 X 2 A58 AR 7 B B
T KBV ST R E, BB ALY 2R B2 b B I AR R RN B4 BOK
I 2 T LS R A B W B R RONTVE e, R ECE A N 48 1) K R DR %
B —E4F ¥ . EF| 2006 4F, H Hinton SEBVUZE S T £ X DCNN W 2% 1) 47 i3t
SRECR, B R T — P28 2 B I Rl RAE N JE — 28 2 B REAE S N 2R AT IR A
S5, MIMA RO ok 7 MRS BE LA i) /@ [ 7E 2012 4F, Krizhevsky 558U i
759 51 N\ Dropout 7% AR HE 18 | 35 28 14 BT o 50 2 BE AL 2 30 3 S &, /815 DCNN
P 26 1) 1 B AE B IR = X RS T B R, IR A6 K = R 2 SR ) 4 2 A
WA A SR B A A Y . s T ONRRBIAE S, T 2013 FERTRH B
DeepFacel®?l, DeepID!® 15 HIL B AT T 97% Ml R ) 28, Hodrxd - I 2%
EHEY 78 T 1) DeepID2+15 B B &SI T 99.47% M HEff 284, mamiE it 7 ANk
AL IR A0 3 1) HE R VS Bl o FE B S WF A4, Cruzroa 2585 b F1) B VR FE 22 2] 7 vk X
e A0 240 R OE R A B R AT B 3RO, RS TAE 90% A BRI HERR R . 7E B ARkl
44 1, DA Faster-RCNN 25 448 % () DCNN [/ 28 15 700t 26 I 1 400 53 1 03k 2 23

2.3.3 B WL 25

W 2% 25 ¥ 2 B 7 T, DCNN W 45 7 2% 8L = X 2% 515 i — 19X 2% J2 1)l Y 4 R AT
NJa— M4 R NG BT 5, IR S Z AU & Ja RV AT 4 % DCNN ) 2%
A, EEEOLT, ALK DOCNN MBI EE AR, BRE. WHZECT
RFEJR) AR A R S5 kg o), i 2.1 fros . Hor, BRUR AR AL
JRRCEE R BN T, Rl RE s R R - R - R
FIPE AR, LS B R AR RS B8 20 3R . WIS R ThRE T If, SN = 32 2
T R i I S G 22 B A AL B R 2R O RIS B AN BRI LR R S BUZR ANAL SR
W) 3 A ST AR B R AL AR B REAT IR B, AR R R X B P IR BRI R A R
RPN OLBEAT R GUVE 722K a2 U g 0 4 45 R 22 0 )i 1) 4 SR BEAT A
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[E 2.1 DCNN R4 B A4

(1) 12 (Convolutional layer, CONV layer). &2 2 i@ & g F ok X6t B Il 5 5%
RWVFFAEAS AT . @ FEIE O T, BHEH 2 ML (Feature map) 4l B,
H AN RE I H 2 A e e, H &4 o8 5 R (R BUE FE R 5 |
— [ 25 H R AIE THT b 1 R S X 3 AT I B BO). M AN X GO G A B, A R 4%
AL IS A AR R AR SE P BHR TR R R S BRI T AR . Hodr, KB B RRE FE A T
X E G KB R AR B (2R 56 UGS HEAT SR AL, T & M 46 AX 2 oK S 30T
I H R B PR . @E AT, SFRNEREP S H 2 NMRHE
WeaRt ¢ R 20, H DCNN W 25 44 38 1 w5 B 2 A6 F1UE 1 77 20K 52300 R b s B2 oy
(OREPSYIE/

BMMZHRE T, SRR/ BaPKMIE AT N5E =ML E
Wi = AR o R AR B RS R Horr, RRAE BT ) RST 4 B o AR A% DB m) A
KNG g, H B8 sh 2K BB R A% 53— J7 1, Al R A R 7
O N R B R ST AT A0 78, AT 93 22 AH B RRAIE 1B A2 o AR v S50 4 v iy 7
ARSI AE IR . BARRE A RERE T, & HER 7% EaH R EIE
. BEEUFEAERY, RIEEAH KLY RAK M ZEE, 7K H 5 N8I
KU (DA REEAR . RIS %A AT 3 2 23 5 R 1 B 3 0 82 B 1 45 B A
B, IERHHRIEENEREmMANE T RE 3G Q)FEA . Bl KEIH
745 A LR IE Y N 2 A 2 rh B R R B RCST A R, AH 458 A A N b 25 5 it B
B NAZR R P ST A S B ER o o R AR S B BUR R B AR BRI Q) &tE . Bl
o R 2 HE AR, AR RAE B A U7 ) BARER R VT ] B IR E S A ] . (4)
fEEER . B N ovioE 77 U7 Z280E R, 3 78 77 U0 A BRI A
THYER M EH T Z 6] .

EHKETTH, GREBEERETERZARBEGR EREsEHaE R, @
Xf BT 480 1) 2% XS AR AT B A B, AT BR IO B R AE BB R . o, %
A i) A R AE B RST KN Oy e 19 A2 186

Imap—R
Omap = 22—+ 1 (2.9)

HoAT, Ly R 756 ARUZ T BT a0 N 5 I8 TR REAS SR/ s RAR 73 58 3 AR AZ 1 RS KD
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