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ABSTRACT

With the continuous progress of China's social and economic strength, people have
put forward higher requirements for architecture and living environment. The
traditional extensive architecture model has been unable to meet the needs of The Times.
Therefore, the state vigorously promotes the development of prefabricated building and
tries to promote the transformation of traditional building model to new industrial
building model. Prefabricated building adopts the construction method of factory
prefabricated components and field assembly, and the vertical components are mostly
connected by grouting sleeves. However, due to the complex construction process, the
construction of joint nodes is prone to quality defects, which will inevitably have a
certain impact on the safety of the structure. Local dynamic response signals contain
abundant defect information. However, it is difficult for traditional data analysis
methods to extract effective defect information from local response of prefabricated
structure. Deep learning has become a sharp tool for data mining and defect recognition
with its powerful data mining, feature extraction and classification recognition
capabilities. Therefore, in this paper, the deep learning is applied to the structural defect
detection of prefabricated concrete, and the method of structural defect detection of
prefabricated concrete based on deep learning is established. The method uses deep
learning to transform the local response signals layer by layer, and then extracts the
defect information of the response signals. The dynamic test of prefabricated frame
structure and prefabricated shear wall is designed, and the feasibility, effectiveness and
accuracy of the method are systematically verified. The main research work is as
follows:

(1) To sort out the technical basis of deep learning, and focus on the basic structure,
working principle and key algorithm of convolutional neural network, so as to provide
a theoretical basis for research on defect detection of prefabricated concrete structures
based on deep learning.

(2) The defect detection method for prefabricated concrete structures based on
deep learning is established. The method uses convolution neural network to directly
extract the defect features in the dynamic response of prefabricated concrete structure,
and combines qualitative analysis and quantitative analysis to realize the defect
recognition of prefabricated concrete structure.

(3) In order to verify the feasibility and effectiveness of the proposed method in
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defect detection of prefabricated frame structure, a dynamic test of reduced scale
prefabricated frame structure is designed and completed. The proposed methods are
used to identify the defects in the framework from three aspects: defect existence, defect
location and defect degree.

(4) In order to verify the feasibility and effectiveness of this method in defect
identification of assembled shear wall, a full-scale dynamic test of prefabricated shear
wall was designed and completed. The proposed method is used to identify the defects

of the assembled shear wall from the aspects of defect existence and defect type.

Key words: Prefabricated concrete structure, Grouting sleeve connection, Defect

detection, Deep learning, Convolution neural network
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PUIHF R T 20%-30%.

2012 4, E RSN ImageNet H 211 Hinton B ZH P8 L4 CNN 4% ——
AlexNet T |~ Google HIFA, —2%2F 1374 . AlexNet B {H ReLU WU R M
M BIGRRRZ R 28 rh, 15 CNN BJUSIOER A 1 B B B3R T Hoslo b 186 2V 2%
KA ATREME; H T LeNet5 4544, ¥shi Dropout Z/NE LA . IXEEHA
FIBC 5 B 48 AlexNet 7E 1000 AN [R50 B BHER 70 2 3RAT 1 15.3%HFRZ

2012 4F 6 A, K AR Jeff Dean AIHTIHAR K22 #4% AndrewNg?13:
§% %1 Google Brain WUH , K 1.6 /3 & FLN AL B 25 AHE B At it — A4 R i
N0 oF 2 - WS R S S e el b

2015 4, Facebook HPAPY5EHY, Facenet 4%, Facenet A~[FlT4£45 ] CNN J5
%o AEGEI] CNN Jeilfiid W28 i T A0 3, SRR b B 5 i S5 F R A SVM 5 ik
179r 3K 27 Bl o SRR AE AR D W T B — A A SRSl B
R A EE B R AT HIWr . Facenet M 9 ZIREAIZ HZEA 3 A AUEIL K]
JRIERIERE R R SEI N R 52 L, fe & SEIAE LFW a8 BRI B2 C &0k
27 99.6%, Hul&iZE L FAI )Rl

FEMZ J5 BRBR 22 BT 78 N 3 REIT 17 R 5 2 ST A R BRAR AN R FH BRI 7T, T
FE2E 115 3 7R K 8, IUE C L2 AN R D B HVR T 2 > X 4% o L
= EGH BARX S A CapsuleNet; I 2 F 73 281F % 1) VGG-Net. ZF-Net,
GoogLeNet 11 ResNet; = - H Al '] MobileNet. SegNet FI ShuffleNet; 1l
BT RGPS GAN. f-GAN. EBGAN 1 InfoGAN; {lll 5 T 41l 5T 55
['] U-Net. DeconvNet. CRF-RNN. ENet. PSPNet. RefineNet. fully convolutional
network (FCN). DenseNet 1 Deeplabl®!!, 22 FfiiR & 2 5] X 25 ) HH BI04 FLAE 15 5 iR
Al BRI HLES B DL A BARE 5 AP EE 2 AT AR R 2 R . IR 2]
IR R I3 SE i 1.4 s



1 E R

ZEME RERIMER | BRI

£ 3% - B | ERESRE
- EERE - EE
BRI

{O—D)—LH D)1~

1943 1958 1986 1989 1990 1997 2006 2012 2014 2016 2017
MP Perceptron  BP CNN RNN LSTM DBN AlexNet VGG ResNet  CapsuleNet
R-CNN
GoogleNet
LR A S L R 7 AR DNNGEAT I 2 T 45
2LE IR E B EWE ML 8RB 2 LR B B 4 26
3.5 AR FIMEBE T HEM N 9.CNN & 1) &3 i
4. YRR HICNN T B TR A 28 10. 1% K FE EDNNZE FIBIIR
5.2 YR HIRNNE AT RS 18] FE 31 4 #r 1L.DNNHTHT B E-RERE M 425

6.LSTMAR K Bt e 18] B2 51 45-H7

_______________________________________________________________________________________________________

B 1.4 IREEIRET R

1.4.2 REZFIJESEWIRG/RER R PR N A RINRK

S8 R4 AT /A VR ) 2 R FH 5 A M 4 1) 503 SR AR 5 A R A /R B,
BRI (Structural healthy monitoring, SHM) B EAL5 2 —. 1£4;
Y 25 AL 3 40/ o VR ) 7 92 G T A B EE R B W R, SREURH L R R B R PR Al
SERIIAA /R . B S5 g R I AR G AE & AR B T )2 R
SR A5 VR 75 B R O BIE HEAT 0 A AN AL R, A% 28 ) Hcdfs Ak B VR DA
LSRG IR ot 1 pE SN VG UK SNt S (TR =S W o e = R LK oAl o A AP W
Ji&, R FHVR 2 20 0 e 3R AT AL BE ) 795 D9 G b 45403 /6 B 1R ) v i) PR B R Bl
e S B RRAEZ 30 . KB 7 . B A B 5 7 R A R R A . Rl vr
2 N R 57 ) BT T R AR S5 R i 40 05/ B AR PR B2, R 2 2 ST R 45
Re 45473 /R B AR ) 2 B 32 1 3R I g PR AL B 5 R 55 3 I R e 2 42k 341 7Y
e, AR 73 IR X P ST 1R HEAT B

(1) EBAFEEA

2017 4, Cha &FPHEH T —FhE T HERMA ML (CNN) 451 R 42k
Jride KH 40000 5K 256 X256 2 70 HE M BB CNN BEAT ISR, 100612
L F] 98%. YIZREHI CNN 580 & HERMHEE &, KA R & Gl s R
SR A B AR ) R RO IR BEAT I, S5 IRR W), 205 A BT Bk RE
REWSAE BRI T R IR 284 .

2018 4, Dorafshan ZEP L 1 F I8 ZeAer P 45 ARG AU 22 9 45 (DCNND

9



[FIGF RS W2 iR S0 SR B 5% o B Pl TR ot - S5 A i TR B 7T

FE VRO L 25 7 AR SRR U h R I R o 58 FH 7S DL )3 Z- A 77 € (Roberts.
Prewitt. Sobel. Laplacian of Gaussian. Butterworth A1 Gaussian), F¥{# F] AlexNet-
DCNN Zit7E 58 I Zh 4B S M 2R astizlT, 00 719 IEiR &L SiE
JEEMG (3420 DTG, 319 DMRLEER 3101 MRS IR, 4 REH,
DCNN J7 3275 VR Bt 40403 BB AT U A ) S i) Rl o 9 1 PRAIRERZZ e A, $2
7 —7 DCNN 54kl ds A4 & IR G771, Bk ZME A K 24 .

2018 4, Bao SFPLKGTHEMIAN L AR BE 52 2] B 21 7 4 HoiE ks il -, 9
Pe T AR ARSI TV o 107 E S R AIME SR B R &, IR
SRER A5 NIR L 2R 28 v, | ME B 20 B Sh g i 28 AN D0 28 75 2 I 2R B AR ) 4
SLIPR 5 2 W AT I o SR T L2 S o DR 5 R A 2 43 A 4 R AR 2 11
IR R i AT B, 25 SR A, 17 VR RR B A H E Sh AR i 1) 2 R
SRR EIE 87%

2019 4E, Tang 25BN T —AN 102 CNN KA A 2> 25K H SHM R 7
AR o 2T R AR RIS 8] PP 51 B8 40 B 40, o A IS SN SO K Hfs
BEATRTRLACAR ], 2 4 IF el e 5 Ak R 22 I sl — S NG TE R o K5 A] AR
WM EBAE N CNN BRI, 8RB 071200 /e J R e T MR A o . SR
T IRE IR SHM RS0 SEPr g BEE R 34T 7 3eE, S5 REM, &7k
WA R ERAHLAT I SHM £ i) 275

2019 4F, Ni & NPT 17— TR B2 5 ) (R VR It L 2R 5% i T e B &7
e ZITIERT T AR EERMZER L (GoogLeNet Al resnet) KA & 4437 5
KGR L, FRIUE T HfEmtE. FESRIEA B, $RH T —FhIE T Zernike
TG T8 FEAG T 71 o el I I s A gk ke R S 5 ) 1 IR SR 12 T VY
A AT VAL, 45 SRR IIZ I VE AR TR B R 4% 9 B sl = v R IS R
HE

20194, Xu 55 NPSIZ 7 —F 5 T D50k i PR A FRRH 22 1 25 (faster R-CNND,
FI T MG A U R 5 o7 52 45080 i TR gt LA ) 2 SR A M R it (RIVR B R
TR RIVE . AN R AR D . B I UG P T AR ST UG B R AR, R
FH B G 0 ) 7 VB0 SR R AT 78 . HUONSE SRR, R-CNN #ef% 5 3h iU A
SERL IR Z R MRS, AP RS FEIA F] 80%.

2019 4, Beckman 55 APMEH 7 —FhdE T-PUs G 2 I 25 (faster R-CNN)
)RR Bt L 25 2R A e U 7 3 o T R A IR AR SR AR AN ST 1 — M 1091 M (853x
1440 157 Btn BMEHS B EAE e, IFR] 2 EE PR IR BE 2 ) 2% 33047 1 )
SRR THREERRINZI LB PR E N 90.79% . ik g A l&as 2
[A] R BE AN 100em 2] 250cm I, RAIHFEIFE R ZE (MPE) 4 9.45%. fEAH
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[FIEE BSYE A, B KIG IR FE I & 1) MPE 24 3.24%.

(2) S5tgma I E AR

2018 4, ZEEINFEUORRH —FPEE T B A ML (CNND M54 1
Jiide VA—TRISCHE 9 AN R 0 fin ookt g S 04 AR 4 A I ZRFR I CNN, - 353
BT AR AN ASE T A IR B G CNN R B 45 SR A5, &5 B 5 7R 78 55 3805
A P IAEE T CNN TEMF AR 05 R 5 e B R A (3E P

2018 4, 25t RS K J0 11012 00 26 6 A7 2 100 S I KB AT Ak B, R
B TR SRR U R R o R I A A AR R, A
F73 5y BT R AGAFAEAE , I DAIE M I 07 B SE IR 50 e, bk 724 F LSTM
RGNk 2 2 BGINL UL K S R BRI B, 45 R BIR, 2T LSTM
(1 775 HA B v IR R R

2018 4, WHFEMESEIASE H BT HEMR B e B Bh w8 M SR A U TV
ZITERIH 2 A B B w25 550 M G2 R0 A5 e B AT 3R A R AE B G, R
Softmax KHIWMF R B B o FIFE SRR, X T iE S A
BP #H& MR RS E, RER, ZAEEA RN EME
etk
2019 4F, RXMELEWSHEH T M T BRI 1 R R . Gl
i C A CNN IR 45892 5, ¥ ResNet i YFERt AR 25 4y, FRE b Bk
JE RS VLES CNN B DA B2 ) 80R o Im IR I0AIEAS Bk 1 405 1R 08
T 96.75%.

2017 4%, Lin 8 NP H T —PpBE TSR0 22 26 CCNND (450497 13 0 7 2%,
TR T R 2 ST M5 ) ) s S 250 T B B AR BURFAIE o S BRHIE % 5 TR RN BE
WE 7 — AN SCBRR-AR B R 2R B 58, SR RAEAN A o CAS R B 45245
ANTRIFE FEE AR LA RSO D T e 2B FE X CNN AT IR AN, 45
7R CNN 28 75 T M 75 A T 75 00 B30 AR A A4 £ RUARS B2

2017 4, Abdeljaber ZFIF T —MpdET—4E CNN I8 45180 R4,
% 2 40K W R AE S BURD 73 SRl G il — A S8 B 1) 5 S A, DT SEIRL 17 28 T-9R
A I o D453 4 B SR 5 A o AT B K B RS & IR I 1% 7 i S A
PEANTHR

2018 4F, Pathirage SFUOMEH | —FdE T H 30 gmidas EREEF S 4%, 1% M
2 m] DL RS SR G A . DA A . HR B IREN R EAE N, LA
SERIE AR A B 6 s AE P B B E AT IR Z ISR, AT RO AR
PEEA L o SHHEZR S K HEAT 7 BUE AN SZIGHT 7T, SASERI N AR 48 712
FHEG,  BOAIE 1% 7 R R A 20

11



[FIGF RS W2 iR S0 SR B 5% o B Pl TR ot - S5 A i TR B 7T

2018 £, Rafiei 1 Adeli g H 7 —FhF) F AL [ 28 KA 1Y 45 M A S5 4R B i
Xof 65 Ke) 22 G A T HE AR J 3 AR RREIR I P A 1) 7 ¥ o A2 TR SR [R5 TR 48 /N 0 A8 1
AU e L AR 80 0 G B R B B IR 24 2 LHE S5 5 BEA T IS AR AIE $E o 4 FH AR

L PR BOPAL BN R R IR R DL o foe S5 A IR 2N & SEBe b, Uil 1 iz
UYL ES s G

2018 4, Lee ZEMILLA: T HA AN FIFGHUZ « S sR ZUAR 1L L) DNN £
REEM, UNERAFA A IR . SRR MAT T EUE T, SR 45 K B A
NGBS, 4558 BoREa & PIAEZE K 1, softplus WUE BRI 2L
F Adam AL R A BT .

2019 4, Khodabandehlou SEHE N —AN 11 2 4E CNN M Jjr g 25 e B i) 72
HH R EUREAE , 34575 A BR (0 003 0 & S AT MR R IR S 1 SN PT R . 83
SXof R 7 Ve A A PR B AR AN R fr 24 R IR 3D 5%, B00E T 1% 7 VA1)
TR U . S5 TR, 7V G R A (R A N AR A LA e 1 R
Ut

2019 4, Duan ZEPMZH T —FhET CNN HFRBGAM 51k, 6 S HEF
FEAN[FIA5 1 2 A TR0 R o 2 AT 7 U0 53 AT o 4 9 LA g o %7 Ff A5 57
SR N ZRER 4L, TR T CNN $ R R . 4f AR HH, (8 d i
TE NI CNN 7ES R 5 R A N 1 REOL T8 F I FE AR A4 N 1) CNIN I
FRARE S B A A3 N AR Geph 2 4%

2019 4, Gulgee FFEUBTF T —A> CNN FhFh KR ASHDL R4 193 R0 {8t e (4 155 0
BT, FRESGAAAE N BT 0 IR — NMRFIESREL S, BATIIG I LK
T 50 ANAF 2 SR B RUZ A% @ 2 1) CNNs, FH &2 T i CNN.
T T 0T A AR RIS B0 45 A S AT A IR T AL, X BT iR I R AT 1 OF
ity o 3B RS A3 A A R LA R 45 3% 55 T RIS TR 3mr T 45 SR VIR FE AR
BT R R A g B, A MESRTE B2 W R e o A B I HER T . B R
TR

2019 4, Zhou SEBHHRH T —Ffi 5k T W B2 1R Ak 1451473 i Bl o3 28 7 VA VR P 5
I 4% (DLN), HTH5 R0 ISR & @it %t 30,000 S FLSE) . BEHL A 1)
IRV BB IR, Y205 1 DLN BRI AE 238 1800 ANARAM IR
=2 R B =R SRS LR BE R VR . 455K, DLN HiE
JIEA TG BEVE TAE AT SO T, SRR . ST (R B AR G TR
FIVE B

2019 &, Wang ZEP3E H T i ResNet F1 DenseNet ZH il XU #8425 . F1|
Z ARG 5 L T A (A AR A, 38 B A PR R A 1 I 5 ot A TR gk

12



St =7 A

F1E R

PREEAFAT 028 WIS BRI I 2 A IR AT, Bk 1T VAR A R .

2019 4, Kim A SimPHRH T —NEETIRE I HIHESR, ZHES dH— MR
# R-CNN A—AN DX ad W N 28 2 i, FH T Aot =R A 1 B S Ig(E F2 8L
248 SAE T EALR A A G ST 2R R M2 AR 2R = Fliakse:
SERG B NI FE e NEAT T SIS A RS, DS UE BT B HA R A A U 25 1) 3R 1)
PERE. SRR, ZAEZERENS LT R ) HhORER 0 i BB M, B R ARG HIRS
i

2019 4, Wu 1 Jahanshahi>> & H 7 — P TR BE S AR 2 X 45 (CNN) 7
PokAG AR B R (SDOF) &4t -4tk SDOF R4iM = £ H H1Z(MDOF)
WHEZR AW FEE T 2R EE SIS, JEMESRN 2 2R &
(multilayer perceptron, MLP)H X AZ:%, 42 | CNN Jiik. HUE R SL58 25
SRR, 177 V25 e W VR A L O IN £55 A e 7, 6 e S B () B PR PE LT MLP SRV

gk BT, BEAEVREE S S BRI E RN R LU SRR I AW 5, BN Ak
TR TREGUIR A 2 228 9y Sy R TT 1 IR B2 57 2 BOR N T S5 A 4 47 /e AR )
W AT, AT DAL FAE S5 A 403 4% /8 B AR ) AT A T A 40 R 2 TR A . F Ay
B IR B I 45 R0 9 /R B 1R ) A B 1) 32 28 AR I UG AL BRER 15 45
Py FEE S A BR PR S, 5 R 48 X 248 753X R 7 THT 149 8 FH 8 2 B0 ) 1R o ) S 42
R FH 2 AR A 422 ) 2 o 26 P50 6 ) B R B 1R ) R — 5 BRI 9 AT St AV FE B
T G A B )R ) 77 1 T SR AR e S P MG A B 4, SR T A2 SEBR 45 4 Hh AR
SHE o 2 P VR o 5 A R R P A T R R SR B DRI AR S R A R 28 I 245 of
I R 7 T 47 Ak B 1T 5 3R 2 P VR e 55 g R S TR )

1.5 I RHAE

it R R AL AU FUAE D HET ™, ORI BB i TRk 2 R A 2 Al 2N 1
HIE 0, AR RIER O T 78 2 A 1ok 2R e ke ol e 485 ) 1 e s B A0 7 T PR A 5%
I ARSCRIET B K it R v Rl R e s i B AR A I B A
R T B AU H S AT R N VAR S &, B TR RRA 2 AR AL
BT AN AT IKYIES PIVSE S ha vecy AR see el Eiok i eI GAY M4 D HS iR (RAE R

HEONEER, FEEE ARSI TE R, A H AR RS R K B
SRBE R BB B A AR DUHEATAER ) X R 5 5% > B e i A LA LA S5 A 5 403
AR VR QU ) B FH AT T PRAR AR .

5 TR O TR R A 2] R 2R R 5 ) B R B U TV o AN B S R
TIRBESE I MBEAE B AR DL — 20 W5k, o mas i 5o iz

13



[FIGF RS W2 iR S0 SR B 5% o B Pl TR ot - S5 A i TR B 7T

HIE R Mg RIS H . ARLRMERGE . T REESE, V)R SExt i IR
Fr 2 e v ot 5 A S R AR RO e (A AR it L VO S X S AR e 4 A
ZEIR AN G DA L rp ) S B R B AT A AN B 1, B8R ST 1 R TR L o ) 2
e TR ok - 45 ) (R R TR 5 98

5 = T O IIC TURE SR 45 M E SR R B VR m 6 B0 I o BETT B R SR R 2R P
HHMEZRGE K, IR HBEAT B A iR, SRAN BEM N o DU E N R4 9
R 22 P8 IR AN, X 5 = B2 S ST (K0 PR R AR A PG sUME SR 45 A E S e 1R ) o
I ATAT I A R AR ) A 1 2R A7 BRI

S U T el BT kR I RO 36 E . BT B AN RISREE SR (R SR
BEr AR JR RIS DAL FE AN A S JR A SR ) R AR BC BT s, JFx Hadt AT 3h 7
R aREe, RSN B B o DUBIE FE IR BRI L AN, X =&
S ST (AR A VR A E 3BT B B PR R 0 AT ATE L A R AR A AE R 1 AT
Call o

BRENG R ERE . RER AR SCRHT T TAEBAT IR E 45, R4 L EwET
FRARBEAT A 2518, IR0 — B s 5 AT e B2 .
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55 2 5 BRI S R SUIR B S R BRI TR N 5 v

$£28 ETREFINRENNERLEHMERIERANFE

2.1 BIS

INEEVRPTIR , HH TR B 2 S R AL PRARFAE $ R 4577 T e i g,
FE SE AL A5/ SR TR 9 5 ) I P 38T RO A A T RE IR R e AR SCRFR JBE 27
>3 5 2 E 3R ok = 5 XD VRE SR SR S P31 [P A 45 5 X ik IR R 5 2 AR e 3R
It - SE R B SR B R R ITRIE IE o Ay SEAF MO HEAT J5 SRR 7T, A BN 1 e X IR o
YRR A S DA R — S WL IR SR EA TR AL, D I Bk TR e 5T ) 2 e R
Bt - SE R RE SR SR B R0 BOBE TSR B BRI R . FEBEIRAE b, SR TR
(2R P 2R ok b S A R B VR A 5 2k o 2TV 8 BRI 22 ) 4 EL AR IR BC 5T
U - ZE A B0 73 L PP R B RFAE , A P A TR SRR LS B R B E R A ot b
I A IR T TR ok b 5 A R R B VR o S T T TR 2 ) I e e TR g
SERBREE IR VA 41, FFRZ 715 R S B 2 48 BEAT 45 DL K
Herb ) S B PR A AT B

22 REZIGN

R3] 2285 2] (Maching Learning) F)—MFFE 7R, MHLES &
N TREBERIZ G =F R R 2.1 iR A7 22 — 11 280858 3 FL
sefis L REAR SN H SR8 43 ol sy, S0 FH A 50 3 Y
IR 2h AW R RO AR Gl es 2% ST A Fe 07 In) 3 EAFE ML I (Linear
Regression). K #J{H (K-means). M (Decision Trees) BENLARM (Random
Forest) . 32 A & 41 (Support Vector Machine, SVM) PL & N\ T.#25  2% (Artificial
Neural Networks, ANN) [,

mfwg

B 2.1 RS WL ST RN DR RE R O% FRo i K

Plaz=>] ) ANTHEG
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[FIGF RS W2 iR S0 SR B 5% o B Pl TR Bt = S5 M i TR B 7

R VT N T 7E, RS &5 2162 K51 Hinton #2
t, SR daHH —E BRI E AR RISk, 19201858 242 R E M
2R GERE o TREE 5 > R T R U I 28 35 R S D HBASLADL 1 NS K () 43 T2 454, AT
REAR fF BN 1 NS ) i o A B SRV B2 27 2] RN BE VR 2 BN T
Mg, R nT DORR 2 TR FE #4225 (Deep Neural Networks, DNN).

SAEG A 28 AL, IR FEE 2 > R TR R B 4 28 X 486 38 | — NN 2
(Inpue layer). ZNFj)Z (Hidden layer) Al—NMiH 2 (Output layer) 4.
Beuel J2 1 Dy RE 2 F0 A AN EHRE AP AE , SR 30 o — ANERE 5 1A], SR I ST 4 4k
SR B BVRFAER T, PR FE S ) I RN E G B AT R R RS A, B E— R 4R
BURAHRFE Gt (B3B3 T — =, JRRHAE R T BRI R CGaN) k842
BUCSE g BREAE,  E S SEIL A AAE BAS R AE SR, R SRR
En 2.2 s

fth =

NI 2
R R LR

5B
ESEHE SERE R

T

B — )=
fia] BELRFAE S

PN

B 2.2 B SRR o 2

R VR P i 22 9 285 o ()45 BB T ), TR 5 ) 730 LAy R SOt IR FEE T 5%
( Feed-back deep networks, FBDN). HFifitiRE M4 (Feed-forward deep networks,
FFDN). FIX )R FE /X 4% (Bi-directional deep networks,BDDN). #7Y ffy i 15 i &
WA & A135 22 2 I AIHL(Multi layer perceptrons,MLP). #F#4: 2% (Convolutional
neural networks,CNN) . it 8 ] Iz 153 ¥R FE W 2% 5 [ 45 B Y 4% (Deconvolutional
networks, DN). JZ /X5 4 i /X % (Hierarchical sparse coding, HSC). L7 X3 [A]

16



55 2 5 BRI S R SUIR B S R BRI TR N 5 v

TR 55 19 2% 60, 45 VR B 3% K 2% 2 Ml (Deep Boltzmann machines,DBM). R FE 15 4 X 2%
(Deep belief networks,DBN). #& 3\ F 4 #5(Stacked auto-encoders,SAE)*. 7R
ML 28 ) REF AT 2.3 IR

| DNN |
|
v ¥ ¥
| FFDN | | FEDN | | BDDN |
| | |
Y v Y
| MLP || CNN || DN || HSC || DEM || DBN | | SAE |

B 2.3 TR EEIRE 45 0y 25 )

2.3 HFRMEZEMLE (CNN) fEoT

LA I 28 & — Pl IR FE 22 21 J7 1. R4S 60 4FAX, Hubel %5 AN
AR TE LA T T REFE, IR ORI 7128 (Receptive Field) M%7, BIiE
ik X I 52 BT 1 22 VOBOR A A A D 15 B MR I JIE A% 3 B R i1 3] 80 4FAR, H A
4K Fukushim 752 BFMES 2SR ESRH T — AN B 41230 2 E 0P 48 N 25 15
——Neocognitron. 1A ALE XA G FEAT 0, TN 2 AR IR %
RIRFAE P TR HEAT AR BE, B4 — Z i ma NER B b — E RS2 B ORI ok . X — R4k
AL RGN, WIS RGBT HERE ST, APk IR R AR T Bl
TREENN, ZAGWEETHARMP . ZJEH 10 FH, BRI WL — EAFHA
A, E2] 1998 5, LeCun A AMEHEEE (BP) WAL 242474 B 1l
25, IR T — B A 4 ——LeNet-512Y. LeNet-5 FI F K HLAE & 1
LIRS TR E N B UG U AT R 1) 52 B DA B R B s ) 43 52 )2 00 iR 4k
EUR AR AT 702K, e 2 SCIT 5 MU AS I iE 0 . AR Th 8 AR R R
TRZ BRI DIRE, SEION R X IBUE B EOR . RN, Rk 2 1 2R X
H A M BEAT TR, M EL T — KL FH BRI N, 40 AlexNet ¥4
“%. VGGNet %%, GoogleNet I %% )L K ResNet P45 .

FELE T HADIR BRI 25, AR W 285 1) — KAZ O JBAE R SR sz 1
BUE I DL R RFECO, X = K A% O AR AU AR K 4k T MBS HOE T T
W] 28 P RS E 12

(D) Rz S5&EEKMEMNEA—RE, SIS 24 T
5T =B & ik, KR LIS 24 oo E] FBCE S 8RR D . X
e RN UG I 2 (R B 2 2 SR 3 IS, AH PR R R TR G IR AR 55, DRt 2 T
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[FIGF RS W2 iR S0 SR B 5% o B Pl TR Bt = S5 M i TR B 7

SRR R R . B PR KB ITR N 52 I R4 255 AN R 1Y =5 B A 22 e B R]
RIEERNBAREE . FEESZEE NI 2.4 Frx.

orryrlo

(a) JREBIEAZ

2.4 R BT

(2) BUAFE: X TG L, SRR 2 DM E
NERIZEE —MRE R S FEFERE R BT SR B, )2
A R 2 e A T DU 21 R BB AN RO BAC AR RV ARFAE , X — R A A i 0
2% e A2 BB AE R W 2h 2 Jm SEBLHERA 1R8], RIDEREL PR Atk BUE L=
¥ SEPLE AR A oAU 3 A A

K 2.5 s, B E kRS R 2 E T . W (o) BRI g
Hy, BEF SN IZE R =AM S LR RERES L, B TR ORI,
RIS HAE A — k. A () EIFRTBEH, AR FE =1 mAE LR
HIEZ SR 2 T A A S _ERER. (:>

OO0

>
(%]

(a) BUEILFARY
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55 2 5 BRI S R SUIR B S R BRI TR N 5 v

Blololole

(b) TR I A
2.5 LY
(3) FRAE: NORFER I B A <% AR e TR RAE
RO B Y, I et AR . DR n] AR R & R, [R]I
T HE

2.3.1 HFNMHARMLE

AFIE ML M IEE B DMaNE . A TERE CLiEsE g R 2ikin
IR NAE DD AL )R . SRR R DL R a (e = 4L, ARZR kB0
SR HERZ RN HB. ARG & W 2.6 s .

WA BHE HERE AR SR MR
_—
- ST L .,I

K 2.6 JLRIFIERRIPLZE N 2% S5 )

(1) BHRE
BRI (R0, Fo HILE TR B SR AT {5 S A A SR
BV A ST RM —FECEIEE, B x5 w ERFER Q. )R,
s(t) = [ x(a) x w(t —a)da 2.1)
BRI SR
s(t) = (x*w)(t) 2.2)
SR QD)UY R B IZ AT BUE A
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[FIGF RS W2 iR S0 SR B 5% o B Pl TR Bt = S5 M i TR B 7

s(t) = (x=w)(t) = > x(a)w(t —a) (2.3)

FESERRN Y, BEUE BRI ERMANG S — e 42 2 4Em A,
MBI AR E N 2450, H— R S BRI A2 — A 4E 8 m
EBRIBHEASRRNE 2.7 Pros. WE 2.7 AT LUEH, BECERIZE AR B2k
RIS, DRI — N b 2 P 28 By v BT 0 280 R o0 o v EL ol R oA &5 ) I e Tk 22
K, MM 2 s TR H, ORG24 2% R IR B2 2] TR i)
NS EREz

—HRAEOLR, EEREREE SR SO A (nput); EEFRE A
ZHNBR I (kernel function); 4 H 8 H FRONRHIERLS (feature map) . HRHEETR
Feak AT LR E , b R R REAS T 2R AR A FH A TR RSN XU e R AU In A
2, HrpmAUEIN BHAEFAZ R E, RIS SR a1 D828 B AR R B
e . BIRZHA MR IIRHES T 6e )1, —MRAGOUT . IRJZ IR I 2% Re i A
AR S JE IR 28 R IE P 3 B 51 2 O IRFAE , SXRE 1) 77 AU AR R A B2
T BB RS- BT S5

TEATAT AR ) 2% 1R SE B A 8 — AN E S 5T, 2 Re e e S i i AN =
TR AT IH A (pad) A3 EINTE . iR BA XD, TS — Bl ga . %
B N AT TS SOV IRA DO A% 1R B B A A R DR/ NHEAT ST A i an B %
8351 VS (s E T v e <9 T /vt o 2 Sl V21 - R VAR A £/
AN AR —— X PP SIS A 2 B K4S BRI 28 K o e ) o FEBARTHER
AR, HBER FEEEMARKFHEA . MATLAB ¥55 —FhFr A &%

(valid) &, X —FAMEHFH AR, FRERZ RO RE8 58
BAEBEANZWA B AT B . BEORIX G 0 B0 Hh BE Ve, (ER R R/
R — R da . R AR ER 5 S m, BT k, A g ) e
28 A mekH 1 ISR EFUZ AR K PG ga R 2 AR B3 . R 4E R T 0,
PR T SRS A E B E RS G Z BN, 2% ) 2 R 4R e 2%
ZAERE] 1X 1, XFGOLT I INEE AT RERE T A B B . BB AR
(G LA R dEAT R 08 (1) 48 70 R OR 40 A N LA AR R/ . /£ MATLAB
PIARIES, XPRAME (same) B FEXPHHOLT, HEMI IR, M2 taE
BEERZNENE, BRFNGREHEANE T —EMait. A, XM
18 AR RN A SE T I TR 0 76 2 0t RS2 AR X A0S, 1T A 2 S U S
P ER MR IR G Lo XAEAS 28 =Ml tE L= T, £ MATLAB HFRHN
4 (fulD B E#T 7282 FHAMGEMERAETAJ7 m LB
W7 kIR, A% EEIITE N mik-1. BRSNS L 2.8 Fros.
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PN
e Lo ile] [ B
e f g h w X
i j k / y z
i |
—» aw+bx+ |+ | bwtex+ ew+dx+
 oevtfz i fytgz gyt+hz
ewtfx+ fwtgx+ gwthx+
iytjz Jytkz ky+liz

K 2.7 4 s s E I

SAOO00000SOO0D

(@) Valid &

.. OOOOOOOOO..

.. OOOOOOOOO..

Jole el
OOQQOOOOOOO“Q.

FEOOO060005 ob
(b) Same HH
2.8 Valid 15 Same AN HL

2) FRERB—BIERE
NIRTH AR RILRE ST, TR G AR PGB R IR AT ik, § ik )it
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TR A 2 Th 45 2 AR AT AR M B i, X B 55 B AR 1 OE IR B N o
BomE R N R 45 & N T & et R 34T [ IR, N AR et SHAR
ANE 2.9 s

2T
o - Y-7-A A
: i
4
/
\V\ﬁ"/

P8
o O

K 2.9 NTAGIGiHREBR

B X, X0 Il X5 RN RTINS, wi, wa A ws 23 5l 7& = AN NG 5 B
HAH, b A WMET, AZZMETHEH . ZMErimE A W(2.4).
A=f(Z)=f(Q X, xw +b) (2.4)

o AZ)BD R B0E R, AT DLE H— A& o/ FALEE B e R 2
ABUEM AR CEPERD, OOV IR E T, 2000 W0 o ik 445 2150
o, XA AE R ZE I 2% T SRS TR — M TR N o 0 R ER 1E A
IR R A B & WA SRR B O AR SRR, SR AIE i e 1
Difig.

WEFER I, IR 2 2% PR RE AN 5 2% 25 K BRI R &, T 22
B R TTIOE R AR N 02 B AR 2 X 2 rhoEs WL AR St R £ Bl Sigmoid
PR%L. Tanh BR%L. softsign PA%L. Relu (Rectified Linear Unit) e #7631, 4% kA %)
AN BRI 21

(a) Sigmoid BR%L

Sigmoid P& HRIA (2.5 R .
1
1+e

Sigmoid bR HIAE LR X 2% i - LH LAY — SSPam R A, e FR I I 0 1Y
PREL, BERS IS e 2 T T SR B A H WU 20, DTS A, & A TAERE AR A
o HEGRWE 2.10 fros, St x &L 0oy, il y it o Sk

y (2.5)
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x BETIELTN, Fity BT 1. Sigmoid BREURAESL, Jaly, ™ HMH,
WA E SR, BRI S R — . 4R,
Sigmoid PR A AEF = E AN, BIFEM&R M (x<<0 8¢ x>>0) sigmoid
REIBEEEGE T 0, B9 FEONZhSE, B2 BB RIS .

Sigmoid & (k) MHSH (EHD

1

Sigmoid]i e &
— — — Sigmid % i

08r

0.6 [ ’
0.4
0.2+ e

P o el e B Rl =292
02r
04
06

nar

A I . . 1 | . I I .
-10 -8 -6 -4 =2 0 2 4 ] 8 10

2.10 Sigmoid B

(b) Tanh RRELCH I IEV %)
Tanh RREAS R R A & Sigmoid BT, HFXEXWNKQ2.6)FTR
y = eX _ eix (2.6)
e* +e

Tanh BREUE —MRIEIG R E, REOSR L P T TH AT 21 e HS i it
F-L,DHPEE RN, HEGWE 211 fis. Tanh KRR AZ DL 0 vl Fit
Tanh BREL L sigmoid BREISCSLE il . {H2, Tanh RREHIIGE 5 sigmoid BR%L
[FFERE s, B Tanh sRECH BA BRI, 255 MR EH RRILE .
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tanhif 8 (322%) M FH (EE)
1 T T T T T — T T
i\

o tanh/si s £

0.8 Vi — — —tanh'#

06
I
- |
0.4 ATa
02 / {
02} |
J
04t /
; ‘}
06| /

08| 7

2.11 Tanh %5 &4

(c) Softsign PR%Y

Softsign BRI E X (2.7)Frw

X
1+ 1|

y 2.7)

Softsign BRI %+ Tanh pREL I — MU BREL A BA SOSPRIIEGT . AT U531
Ve, JFHREWRBI-1,)Z B HE, HEBIE 2.12 fizn. 5 Tanh BREHHLE,
softsign BRI £ A % B 47 R AR DR A 2 Vi 2K B ) R

(d) Relu FRi%{

Relu B %4 F2 N Rectified Linear Unit, s Krizhesky. Hinton 55 AT 2012
e I —PhisoE R, R A Q2.8) R

% x>0
Y=10, x<0 28)

MEIEAE M, Relu EUE D0 BIRAL B2 PR KER R E Relu
PRETRZ IR, 5 Relu BREGTHR 1 Sigmoid PRELMIFER /S8, BIAZ L
IEX TR N R BETH R LG R Relu eRAE T AR AN AL S R PETHER, i
IR0, BT AE IR AR IR I R AR S A AR 3, 2 B BRI T SR
5, AXT Sigmoid BRUFN Tanh %, Relu BB A ERMSOESE . HZ2
FAXTHE, 1T Relu 8 Z07E 5 X 8] P SR O 0, FEINZRIERE Al A & th AR
EEHILER, RN M2 s LA
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softsign i &1 x/(1+[x]) (5E£%) KIS (FL)

softsign/ii e & i
A — — — softsign‘F £t

08

| \ St
HEi I %

04r /

0.2 / {

02 /
04} /
06 74

08

2.12 Softsign PREEE

Reluifi imax(0,x) (s2£%) M HS%50,1 (FL)

10

/
Relu [5 5 ¥
9 — — — Relu'+#

|
1 1 1 I 1 1
-10 -8 -6 -4 -2 0 2 4 6 8 10
& 2.13 Relu B3 &4

(e) Leaky Relu pR%{
R Relu BRECAT BEAFAEIBUETCIE R SIS, A2 32 Leaky Relu B&
#H, HEXEAXQIYMR

yzy,xzo 2.9)

aX, X<0

Leaky Relu i1 411K 2.14 fizn. Leaky Relu BEAMY 4k & T Relu 5%k
IR Z LA, B SOE B, BRI B ESE, Leaky Relu BIE4 T AN
EH—NEERRE, XHFRT Relu BEH S HBLFIMHZ CIET- R .
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Leaky Relugfi 31 Csciky RHE S (s

10

Leaky Reluf 51

— — Leaky Relus ¥

() TX#E
R A A AR EE 0 25 o (1) B A R

2.14 Leaky Relu A% &I

Pooling), HUERMMALTE HHFEME, HEAELREWE 2.16 Firs.

NFRHAL (pooling), HilH &
T EREZE, FEMT IR TURTHE, I B e St/ > 2 8= ik
. AP IS IR . [FIS, T RAEEE PRI T B A 2% 1K)
AN LT RFFREA M, 55— PN KA (Max Pooling), HYX
RN AL B R ORAE, HER B AR a0 & 2.15 Bl 28 =M 1354k CAverage

2.16 “FEyifbiRiEd L
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2.3.2 FIRE

IR 22 ) SRR S I — AN 3, 1997 4F, Mitchell 451 T HLER 22 2T 1)
fAT R S X T HAESS T FPERERE & P, — M RENFE T AT LLNEAL B
e R 4e, ENEAR E ot s, BEAEES T EltkREE P EERTEREA B
PEFHOAHO]” FENL AR 2 2T, 4RSS TG O T & SUNHLER 22 2] RGN AZ W ik
PEFEAS  AEAGR TR RN TN T LE A BB 28 5 ) RSB0 SR sl AR S A 21 1)
LR (feature) FIER GO, & WEIHLAS 5 SIS AHE: 725, [HA.
B MUASRRE LA SO AR 2558 o N vEAE LA = I IR ), 7720 HPERE vt
EEREE P, X TAFKMES, TEBVVSIAHENERE P —KIFHLT,
W R AR 2R B B ALAS 7 > BIVERE, T AR 222 T8 2B 0 Byt R 45 SR FE A
bLZ, Mlas 5 vl LRE SN B IR (unsuper-vised) &k, 18 (supervised)
LG G UL R R LR I8 B % ) (semi-supervised learning) .

1 W5 B 5 5] B3 (supervised learning algorithm)H, 2 5| 4k 1 5E 52 H (1
FFEARAMUEE — NN, SEE — M E(— B2 R RHIE, PR R,
M B A ) BRI 0 B AR T R AN BRI AT AN T b 2 ST RIS, 15 21—
PRI, T8 B -5 % 2 TR, AT P A — AN ERT R DI RE, IR 238
TehR2E QIR A AT REAE B S AT DT L00) M B 2 ST SRVE D O L E FEAR 1R
A 2 3REUNZREE s 3 E M AFEA I RFE AN IR s 4.5 78 AH B IR 2 2] B 5.
FENGREE Fis 7% 5 6. PP R HEm e . IR B 2 S BE s &
{4 [7] 5 (linear regression)+ & % [ H (logistic regression) X ¥ [7] & /1 ( Support Vector
Machines) DA HRFEH (decision trees).

To B 2 3 53% (unsupervised learning algorithm) 38 i X2 F 1R 2 F5AE 5L
P BB AT W GRS UL S A I A e 7 5 B o e B 5 S Bk
B =M R REOMPELE, LB, MHRZ . TR R 2
R, BRI H IR R AL REA SR B — AL, XA A i P R AR A
H A FERERRE, BRI rnE 2.17 o, & IR REEIRASE K
AR, FIREZH . t-SNE(t-distributed stochastic neighbor embedding) % 2 .
DBSCAN(Density-Based Spatial Clustering of Applications with Noise) &%, %
Yt T M 2 > v R E A R A, A S AR A DRUE B R e A R AL ) B i
b RPEAE AT S, AT SE IR B A AR AR B o DL B 4 R A
53431~ NMF (Non-negative Matrix Factorization, JEFEFEMiR) 775,
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K 2.17 BRahraER

e B2 3] 5L (semi-supervised learning algorithm) 5 J6 W B 2 =)l i B 2
SYHRE AT T 8RR G o I B S Rk, IGRER R RE A
AIREE, AN FEAS T A AR R o

B S R R S SIHEAR Z 07 A AR R X0, MEEARZ RS, e
> BB R AT LAy I ZRBE AR AR o a1 R4 A (0 4 N 5 40 B 1A 25 14T
2], AR R, I A A R R A AT I T R A ST
FEARFE A, RTEETEUREAR S, ARERIBOERRS. FlEY
SRR DRI, BEFMFEARR IS, MR E ORI, @i FEAR
FEAE AT, KRR AR K 53 B R AT G 2E s PR 2R O8 o Attt B 2 > R M B 5 20 (1)
WP RN 2.18 Fior.

BEE TS

K 2.18 M4 >) 5ol o2 )ik
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2.3.3 REEBEEX

R AAERE S (Back Propagation, BP #7%) BRZE S ML H L, 2 —Fh
i LA IR 22 I 2 1) 5 4, 38 S5 040 7 VR A ELBC & A o i 3 B - David
E. Rumelhart 1 James L. McClelland %5F 1986 E42 H1, ‘& A FEAS AR T REH5
NI =2 (DESWIEAER: QRS- ERRE: Q)EHSH. HETK

PA=JZH 22 X 28500 I [ R R A IEAT ke, A 2.19 B

Kl 2.19 =040 [ 25 SIE45)

X &AL SRR T

ni: RN | ERE TN

fi FIRMNG IO BRI

WO FIREE -1 Z BN 2RI ERE R

ws RBEHFEWORMITE, TRE L ETE ) METRE 2
i MRE TG A

b® = P, b, by, IR 11 EFE LR E

20 = 0,20, 2. TR | EANA TR

1 !ZZ )
a® = @, a’, -, al™): FRE 1 R ITI0H A
(1) IEER{E#%

W 2.19 Fios, M4 58 2 E A JTFPIR S R EeEE T an=0(2.10)-(2.15)
s

2 2 2 2 2
22 =wWPx +wW2x, + W2x, +b? (2.10)
22 = WX+ WX, + WX, + b (2.11)
2P =wPx +W2x, + WX, + b (2.12)
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al? = f(z?) (2.13)
al? = f(z{?) (2.14)
al? = f(z{?) (2.15)

BEETR, 12 <1< D)EMETTHIRA JOBEE LA 2 Ak i =t
.16)AQ2.17)FT7R .

MONRYVIOM BN () (2.16)

al) = f (z“)) (2.17)

Hit, X+ L EMEMmE, &2 RarmAsid i a=2.18)fix.

x=a¥ 579 5a? 5...5a"P 570 5P =y (2.18)

(2) RERMEHE

LYIGFER NN K, 2 & EBER R 25, 72U E M e
BB 5 B S (RIARZE) Z (AR R R, W2 28 I 5 AN S8
BEATARAL, BEEX PR TR BAMIR AL, WRRZ AR BREEL lost BRI
X T R T, H LR SR AL AR B BRI A SURB AR R B B2
K LA BB, W R AR R BT A REE— AN NGFEAR D, y0)
K, IR BB RIFE XK1 R

- 12
— —|ly® _ M
m—zh "

-3 —of')

E
(2.19)

2 & BB U T R

y® = @,y 0,y Oy, FIRE I AMGRER TR R (2D, %
S N Al

0 s FET ML IR 456N 207 A 1) S 1 B

)N AIIZRREA AR CPED A 5T S

total Z E(|) (2.20)

W 2.19 fis, Mg, n, =2, yO = P, yPy. B R 2 T 1
AT
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——((y“) f@@) + (8 - 1 @))
(y(l) (W(3)a1(2) +W(§’a§2)+wl(§)a§2) +b1(3)))2 @2.21)
+= (y(l) f(wﬁ’al(z)+w(3)a(2) +W(3)a§2) +b(3)))

@ﬁﬁ@mﬂUﬁﬁ,ﬁ%@ﬁﬂ%ﬂ%ﬁ%ﬂﬁﬁﬁ%ﬁ%,H%%ﬁ

AR BN, BB R, 14— R A R B R T E R AR AL,
T 25 1 S 2 T R B0 00 At 2 AR 2 BT 2 A 3
BT GA, AR, FHE M FhR, N E.

(a) Fi RN ESHERT
ﬁ%ﬁ%%%ﬁ%m,ﬁﬁ@ﬂﬁ%ﬁﬁﬁmﬂﬁﬁﬁﬁ%%ﬂﬁz

OE oa
—5 =% 20y, — ) (-—25)
S
Z 2.22
=~(h-a) ) 2 222
==y, — (%f@@wﬁ
fiftn R 52 X
oE
M _
0 62(') (2.23)

== (yl a”) f'(z”)

N 5X(2.22) 7] LR Ay
OE  OE oz
ow® 629 on® (224)
:51(3)a1(2)
B BUE L, RO R IE LR, N
58 =—(y, —a) F(z)a<i<n)

=sPai*(1<i<n 1< j<n,) (2.25)

owH
ij
W RQ 25N, W
sV =_(y—aW)o f'(zV
V E (§(L)(aL)—1)T ( ) (2.26)

w )

A O &7 Hadamard 1, HAzFHN A3t xs ML & 19 T5 R 20 AR . 40
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(aﬂ am) (bu blz):(aﬂbn aizbuj
aZl a’22 b22 a'21b21 a22b22

(b) FEBERNESHER

FIF oW rsE LT
0E _ oE a0
ow oz o)
ij i ij
S5O azi(l)
=50
a(l)a(l—ij)

wf o0, 2<I <L 13500 F

' &m
Nt (1+1)
oE o'

= o™ oz
Mt 570+

_ N\ sty
=205

SN

(1+1) _ (1+41) A (1) (+1) _ (1+1) ) (1+2)
! ZW al" +b ZW f(z")+D

KA 15 -
azglﬂ) az(l+1) aa(|)

PO aa(') 220
' (I+1)f (z('))

wZaRQ29MR2.31) 15
o = 2(5(|+1)W(|+1))f -(Z_(l))

j=1

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

RQ3INTLUFHE +1 2ot iEs 1 2ioY, BRI RE %

0o FHE A FEE AN
(l) ((\N(l+l)) 5(|+1))@f (Z(l))

(c) Har i R Rel= i B S O T
Xt B S HOR W 7 7T 15
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0E  oE oz
ob® oz p" (2.34)
_ s
5 R BT ) A -
V.,E=& (2.35)

T = S AL R SR I S I R AT FRAR A 2, AT DU &5 R DO R

TR/

57 =~y —a) f (z) (236
50 =3 (6"l ) 1(2) @37)
j=1
oE
:§(L) L-1
=6 (2.38)
avvijL ) J
oE
p) =5 (2.39)

S I 3R SR A I 30(2.36)-(2.39) U A4S 28 ISR AR M 8 B0 2 20 i 3 I
2, HEAEAKDERNT:

(1) HIAE AL AR HE R0 L )

) FIH “IErERE” AR, wRQ16)MQAINDFR, HEEERPRST
EE

(3) FARQ.36)H L ER S

@) FIFRQEIDANE L-1 ER5 2 Bkt EEmEr oV,

(5) %X (2.38) M1 (2.39) KA BR Honr 255011 I T 4

2.3.4 #ETMHEEX

S AE FE FAEAE T SR R, N SEEAR BB UR AME B B I, 77BN R
2 (1)1 2 SHGEAT AL, TS B — AN Ui, 8 A A B Bk £ 0 D0y B
B, BAE R 5K (Gradient Descent Optimization)s & H Bi# & A 2 AL H
%, BRItz Ah, AR RIS A A HAR 2 A8 5o T SORE B BE T B AR 1 iR 2 A
L i peS A Ee e R g TN B

TEHU R, bR R R AR — W UR) BR EE 2 AR 1K 0T 1) SO A 207 17 AT i
KAE, AT —"NZI0R S (x,y), ZEREEEEILAVS . BN REE G IEA
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Jir 3 2 bR O B R T DR R FE IR T M), 2, W) BRSO /S e DR R 7 [ B
B ERI T IR, DRI, ST IR 27 ST R 25 vh i e M AR A TR R, BUE S5
A B 7 G 500 7 1A AR I O ) AT — s 2B, REAT DLSEEARAT B £ )
B R TR
AR FE N By B bR R BN J(6) , WAL R Rk T2 500 1o =t
T
6=6-nv,(0) (2.40)

FAVE A 7 B N

MRAEAG LN FRE TR R R AR E 0N ], AT DA sk R BN 2h s
FIECE AT T B A REE 86 T PR 5L (Batch Gradient Descent), %5754 5 H K
HRNAE: RHNGRE T — NIRRT 5L R BEALES B T FE 5% (Stochastic
GradientDescent), %512 7] A2 T HUSUE B8 s R IGRE T — A I LEFE
AN EEAR FE R B E v (Mini-batch Gradient Descent), 1% 5.1k 4h & FiR PR Fh
SEIL AL, DRk B RS ABE B2 R B REU O, B RE R PR I 4G W R
MR 55—, XTI ARG, BRI T EEIER Sk T Rt i 28
= MEANNWE AR, SRR BUSOR g, il RE R
M ZRE T, HILREUIE L. T UL B sl @, 223815 T80 B T BRI
TR Z AR FE R o B A I T A, I AR, it
T 17) 77 1e0) AH (R 4 B2 1R 2 B0t AT A Wi SRR R B8 5 AT SE BN T Wi S50 B2 1 B 1 —
SRS T B IG5 ) Z2 DI RE, 0T AN [F] B 240 H i S i 2 A [] () 27
SJE . BRI TR R AE B sk R AR A 1A 2.20 B

EE 4’{ NAG

g .'\"\ :J] 534
P{ Adam

RMSprop

BE MEEE

=i T

Adagrad

Adadelta

K 2.20 RN BRI A

(1) 3hE¥E(Momentum)

T T P2 R A AR 22 I R, (L A R S e B DX e, e ith 24
—ANERE B AR S AR EEIBEIETR 2 . EIXEE LN, BREE R RRIEAEVS A
R BRI ES A RE R TT Mg wTgE, k5] A3 & Momentum K
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DI RR T T BEE WS OR . S EVEAE RGNS E— N 2P KA R,
1548 5] J7 [ FH A48 2 1) 2 3803047 AN KT SRAR IR B8, T 205K 1 B B2 7 1a) A — B34k
WAEEEZH, T Seb s e SUrE R, shEyi E L s, kAR n
XA,

Vp =y +774V,3(0)

0=0-v,
&

(a) BB NFFIA (b) BhEVE

(2.41)

K221 BREET BRIEABI RSO T

X, y ASERTZ2H, #HUE 0.9,

(2) Nesterov accelerated gradient (NAG)

NAG fEZhEVERFEA B, SIN T IR DhRe . fETHESHWE R, WA
BRI N 2RISR, T SEELAS T NS H . NAG HI1EH
MLE IR . HERARWA(Q2.42) 7w

Ve = Wiy 7172V, 3 (0-7V,4)
(2.42)
0=0-v,

Xy AshER 728, SshEkIl, FEUE 0.9,

(3) Adagrad

Adagrad BV ARG 1 NI T T2, AN R B S H0E @& R EUAS [F] Y
EE OSSR ONITEE S GIE S Sraa L SN e T i (=2 SN TR 2 i
SHOERBUNRE R NS E I, Adagrad FOEGIANRBUFTEREE, BEH
KXt Adagrad SR A0 SEIIL E & N T S 2] R AT T

& Qo T t BIER T B0, ok, T

0 = VoI (6,) (243)

Adagrad H3E% BRI P LR BB RIE R, WA

_ n
6,,,,=6,,-————=—=10,,
t+1i Y, Gt,i 8 g, (2.44)

Aot
Gy, R, O Ay 76 5 0 i S 1 07 A0
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e FIAT, BIEELAN et
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68



53 F RAAUE

ZREE RS S B IR I B B IE

* 3.8 BRNE ML S5 M TEH S 4

] g3t BRS | BEE | Bk TN i
Cl LR 45 6 1 1024x7 6@980x7
S2 R 5 - 1 6@980x7 6@196x7
C3 GRE 32 12 1 6@196x7 | 12@165%7
S4 ik 2 5 - 1 12@165%7 | 12@33%x7
C5 GRE 20 12 1 12@33%7 12@14%7
S6 ik 2 2 1 12@14x7 12@7x7
FC EERE - 12@7x7 8x1

(2) RGHRESHRE

BT R T 2 TR B S 2T 1R R e 2R g R B TR0 T v A
R4, JERDIFEE T 7 M O AR, AR R FH O AR b B U ZREE X
LG AN H#ATNHEMS NN . AR 64 i Window 10 + Matlab
(Version 2018a)f) RLt A5G, ZiHHHLHIAL IR N EE )\ X Intel Core i7 FAMATIA
3.2GHz, RGNAFHEN 8GB.

AR F I ARAG SR R FE R B R, R BB M & 28 1)1 250 A2 2 1T
i B Fo i BB RS AT N . FEW A=, B2
HEFEA (Batch)” K “#bAbFE K /N(Batch_size)”, 2H /& “i%AQ(Iteration)”, 5 =1&
“—ARUZRr(Epoch)”. FENZR R MR ZRRINCSOERE, T i AL T
AT, 0 2l VIR 1 — /INER 23 R A0 9 2% AR S 8005 i B 2 8055 it
IT—EH, X/ FEAR B —HEFEA, B —4> Batch, HHIEFEASHFE
AIIANEHR 2 AL #E K /N, HD Batch Sizeo T8 H —#UFEAXS W& T — kS
BB B, WAy — AR, IR Z s AR . IRt
() A BB AT WX 28 JHEAT — IR SEBE BN, MIREAR R “ —ARIIZR 7, B —A™ Epoch.
IEARET ARAE AL EE R /)N, Epoch LA I ZREE R FREAR BN B T R, e
ARWAB.2)FR-

T S

| N=E Nx—=
- - "B_S

(3.2)

X

| N 3R Iteration Number, BJiEACIKEL;

E N 3% Epoch Number, BIillZAXEL;

T S 3R Train Set Size, BPYIZRE AN

B S #£JK Batch Size, BPHEALEE R/,

AR e o AR N SREERE AN BOHE D D, BRI RIEAT R W Ha it
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