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ABSTRACT

As the primary technology to extract information from face, face detection is the premise and
foundation of face recognition, facial expression analysis and face tracking. At the same time, face
monitoring has a significant advantage that it is not easy to be found by the monitored object. Thus,
with the expansion of video surveillance coverage, video face detection has been more and more
used in crime analysis, intelligent security, and artificial intelligence. However, many factors need
to be considered in video face detection, such as the complex environment, the partially obscured
face, the face rotation angle, and so on. In addition, the detection speed is also need to be taken into
account because of the real-time requirement.

Point to these influence factors, a video face detection method based on the deep learning and
the video’s inter-frame continuity is proposed, which is trying to achieve stronger robustness against
complicated backgrounds, illumination, rotation angles with the lower missing detection rate and
the lower false detection rate, and provide theoretical support for intelligent monitoring and wisdom
security. The concrete research content is as follows:

First of all, according to the theory of deep learning and face detection based on neural
network, a cascaded learning network based on multi-layer Probability state-Restricted Boltzmann
Machine(P-RBM) is proposed to realize face detection in a single frame video image. It first uses
the probability state of the neurons in P-RBM as their activation degree, which better models the
activity state’s continuous distribution of the neurons in human brain. This design not only retains
the weak active information, but also decreases the effect caused by the former layer’s error.
Secondly, this method simulates the hierarchical learning mode in human brain by cascading
multiple P-RBMs. This cascaded network can realize the multi-layer nonlinear mapping and obtain
the semantic feature of the input date. What’s more, it can learn the relationship hiding within the
data to make the learned features be more promotional and expressive. Simultaneously, the number
of the hidden layer’s neuron decreases layer-by-layer to control the network’s scale and enhance the
robustness. Finally, it uses the layered training and whole optimization to balance the robustness
and accuracy.

This face detection in the single frame image method does not use the inter-frame continuity
information, which is the unique advantage of the video. Thus, based on the above research, the
continuity between video frames is to be further studied, and a video face detection method with
multi-inter-frame information fusion is proposed. Firstly, the aspect ratio of the face skin color area
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is used to remove some mistakenly detection areas. The threshold of the aspect ratio is set by an
adaptive update method in order to obtain the most appropriate boundary condition for the detection
video. Subsequently, the change rule of the face location between video frames is used to estimate
the detection result in the current frame. Then, the estimate result is compared with the real
detection result, and a contrast rule is used to modify the detection result of the deep learning
network according to the contrast difference, deleting the false detection area, filling the missing
detection area, which improves the detection accuracy.

The experimental results show that, no matter static single face detection or multiple faces
detection under complicated conditions, besides the faster detection speed and stronger robustness
against face rotation, the cascaded P-RBM learning network possesses the lower false detection rate
and the lower missing detection rate. Moreover, combining it with the multi-inter-frame information
fusion method to detect face in video not only keeps the faster detection speed and the lower false
detection rate, but also reduces the missing detection rate significantly. In addition, it improves the
detection performance of the partially obscured face.

Keywords: face detection in video, deep learning, Probability state-Restricted Boltzmann
Machine(P-RBM), multi-inter-frame information fusion
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B A% ) X AN 242 3l H b BT E X 35

(2) MizEvk.

X7 A I A AT R ot B 2 MU G ke B s AR R AB AR RE B, R P R ) e SR
BUE S H AR . e P2 )G 3 B MR R R AR B T T 83 X Bk, P ik
o LUK — RGN AE R AT A RGAS I o (LR 3P 38 - AH AR MU B, A 45 A 2 22 i 22 1k
1% 5 52 ke 75 B2, DRI Xiong B4 A4 Y —Fh e T B B 22 i 22 ik . B i S5 LA
H— BRSO O IIE T T XA PG 8 3R s 83548, (RIS EORE S MIUsS B 12 s )~ 35
BERME, BEBEWEZZSBEN RN IRSGZAN oG R, 2GR NGERRA
TR NG X35, B JE BN R T LT AR AR 25 e 6 N o 22362 B RTAE IS 3 H b5
R o RS B 2 B, ARG Y BARIZ BN Z S B B, 2 R A R IR AR

(3) Mk,

XETTER T HEERES R RE - NMEERS, RIESRR A NEE KRR G LI
R BT TR AR A B e, X M@ sh HAR 5155, A seBlizsh B b, 38 TRV A
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e e e iU B A s, JFEIE Adaboost AR N AR R AT 2 0 R KDein 5
AR N RO, SR RYE TS BOG IR A - Adaboost v Aer Il 21 (¥ e A o
{HRIX VAL BB AT AE M 7 B H AR5 18 S AR &0 B R AN BEHER ] 58 (0 S S A ) 3 3)

==

a;mxo

FAh s AT I T I SNEAS B AN A TN 7R A A H AR ERER SRR S
Chang™ 45 A\ H e 45 F5&E RO 592, 2 8 Jeidid Adaboost S532: il H: 44 4
SR LB A AN SR 5 A AT BA (38 S S S — A 2 3 1 v i e AR
TR 3 0 A MR P PRSI 45 SRBEAT S AR OR TRAT 4w Asr TN AL A o £ N G A 1 L
PAR b — iRt i N, I ELAR S B B NS 00 45 SR SE8T [ A Y . (RIS VA R
R8T AT WD AL S S, A 5 8 IR A

RV, ARSI — A R 2% R QIR R, B 25 & 3k 2 Al i A AE
ARBAEEAF N AR MR AER SR, 8 HE R AEX T2 N U B € 15 LA B s
MRCR . PIIEEE X REE N 2 R B 2500, ELASE P v AN A 5 A T 78 72 4 i A B
AR M s 5 1 #40 a

13 AXWMEFETERETRHE

RIAE ARG A CA RN EAS AT S Fe RS At b, 32 207 ST ] AL Al
IR 22 21 505, B DLV IR L 5 ST BRI A, SR — N3k T ISy AL U P I 5
ST R 2%, I 45-A A R] BB SE M, SIS R 1 e AN R o o A
FENEAT AR LA 5 1 -

1) W SCERAS AR BAR S AT N DR o 8 RO A A I [, 5 b — 2 TR A i (R A
R SEE . IZHIRE SR IR PR G ST E, R — AR S Z IRBOR L2 0L, HIH
A RAE AR N A 22 T B0 A IR RS s 28R LS Z O, B U2 RS2
PRI IR 28 AL RAYIE — MRS ST 2%, BT 257 21 R 28 RAT IS B8 AR B A P A,
FEFE 73 S N K5 2% 2 YRR A 2 Ak SRS 4 AN A 098 SU(E R 2 i el 0 X i A\ 2
PEREAT B NN 22, SEOUR e M . ISR B A BOm B AR A ANl 222
28R TN SRR AT AR I 28 250, DUIB SR AR5 31 50 R N SR8 MRS R IR IR 28 2 0L
BERIZRIRZ R Z JRALIE, MR 2RI IIGRE 5 M N R E e DL 1), I 45 85 S Al kA
LR BEARAACIS AT — BT I IME -

2) WICHR 2 ot a] 45 S Bl A ORI RSG50 o A2 SRR AE TR 5 55 = I 4% PR AL
fitiz b, R AR B RS, A RS SR RN, SR AR X L U A K i Ja — i
05 2 YT 5 RSN 4 SR =4 AR I 45 R BEAT A2 1 o IS ARAE AU N ARG 5 35 4R
S PR HEAARA R PE B, 38 I ARG K 0 X T8 bE SR VR VE L B — AR AR X, A
A5 T AR 558K IR R A AR, K e AR, BRIt — i B S ) A
SBT3 SCCASR IR 4 iR A58 (1 Rk (0 IX S B v Bl Lo, AR A R A
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FTEMNIBGIZEM N, HENIDGZETE R, A AR Iz T3 NS R S A T
FTWHZ AL E, AR XS EE R Wil T B S A I 2 TR] ) 22 S B IR e A
ARAS . 27 B I RYE 3 B AR 7, St Al &5 R I, R B E 7
R JE AR SUE S, DAL RE SR AT SE 4 ARG I 25 R

EVHLENELAR, SERBABLT:

B, MR BT T S R S, IR T E AN TR IR, R
PSRRI N AN 75 92 e AR 5

W, RN RARE IR, B SMAEMKMKR, HEENHE T HETRE
S > B g R R 2 AR K N

B, AT A S . E R RS RBURZE 2 HL, A
PP 70 A RAERABLADN 0 61 22 70 M B i R B e AN R R IR B2 0 AT R IR A, SRR k2
RS RE PR PR 28 2 ALUAT NI ALGE (1 730 SR A SR, i i e o Jpk oG ) ol A= 7
I8 DX SRREAT A 15 9 N ) 0 SRR S8 RN AN o 12257 3] 19X 2% DLIZE J2 3 Y B ik = o 42 T 4
ORI R 28 FUARE, - SR 0 2 I SRR AR DIE A RO AL AR DR 2 ff 8 A A AR A P PR O )

FVUE, P22 meE SRS AR I Sk AR S 2 18] A e AE
PRt DS T AN BLAS S B AR S, 5 NG XSO RIS 5 AT e 3% 2 3 19X 2% 1
MERBATIZIE, ME R, Bt Xk, 78 BRI R A RAE R 1K H (1.

BHE, WAL TAEHAT RS, $REACZAERS 5 IR - TT 1A o
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E2E HWEMEBSREF ]

\

2.1 fhik

N A R 258 A — RSB I 3 REART sl AN S A B LA (RO LA 2 ST X 2%, ST PR A e A
2. el AR I AR R TARRr L RIFRTE] B 2 E % IR oA SN E B AE i S
ReFR L EHAEN 5 RETI5E, ENLE AT NIRRT 22 S RIHEEE Dh AE .

NTAHLE M BRI T

D {5 BAERP L W 28 TR AT AR N - 55 S IR s Al A 22 N 2 T A 22 T8 2 [8] 1Y
R AR SRS o

2) 15 BAEME 2% o AL B FEATHAT I . BP0 BT P s R A B2 05 2 1)

3) FHGUEFN [ 5 I PR i 4 I 28 05 2 R AR BRI 7R o #2  2% Hh (AUE PT DL &
LA, IR — AR FE AR S e ) ST R

4) FAEVERSSR . PR MR REHEATRFIE R AL . 2. B UE RS TR, RitkAess
PR — T 7 B AR ) AR

BT DL Rax e fl, N LA M BigH DR 2, 245 CF RS Emfk
FEZ . SRR A2 2% . Hopfield /X254 245 22 Fh i 22 Y 2 AR 7Y . H S X B 28 R 2%
FESCPR B HCR IR E S50 . ITBRZEH, SRR EMEm s 18— 2=, v R
ST N B AT — RS, A 48t 4 o Bl S 2 ()RR 1) T B 54, T AN 1 — R A
TEFHARIRIUE WA HEE . BR LRIX L2 W 2540 1 i B Z RRUE 451, (HlT
IR M B X — R — B R BRIRTHR T I 4E R . SRR, M RHERF AR, SUNHEAR
FRAE 5 TAL B R A LA AE T AL AT IR AT 5 B R, ORI AT IR 01 ) B I
HRERAERERZREMTEFRRAGS, BEE - Z2U0CHRANGE 5 HIEFRIANRE, &
LRAL IR FL AN IR S T 2 B, S — R BB R AT 2 R AP 4% (R T

2006 4F Hinton™145 A2 H 22 BHZE N T2 i 48 A e IR 22 ST e 11, 22 5 3 (s
RS B A B 0 A 5 ) 1 T 2 J2 R 8 D 24 A T 2 P ¥ T DL 5 2 I 5k AT 280 Al
WA T E IR E 5 2] (Deep Learning). ‘&R FHTFENUBILN B2 (5 S A FEHLH], @it
Z R B, T RZ B (0 AR 2 M B 0% 2 3 T SE LR AL e () T RE . B AR SRR
RGFHIE LR B 2 20 G 3 GO N B8 & )2 CRAIE I i 2R 1518 SCRHIE,  J8 IS Aot
VI ZRFEA TR SURFAE Y 5 =) SEIG BE R AES N B R 1 1) 52 2 R B T, AT RCE i S BN
Wl A EATS . MHRIZSN, RES I BAIRZE MR T RHES ) B2,
BV FH 22 Bk J2 485 14 S URFAE HRZ 2 AR Ak, 38 K i N 008 128 2 LSS B AS R RREAAE 2% ] B HY
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ANFEZ A, A AR T AR AR ERIENE R

H H K 2 BR BITR B 52 S W Hh 5 B 48 2 RO Z M N 2%, (BRI IR BE 22 ) 5 2 [k
JEMPEMN NS, REZEIWNEEEMTZ, E/R —MZER. FELENZ ] dRE.
2.2 REFIMRIRK

RIE S 2] RN 22 S B — A I 7B B, e il S SR AT Ak 43 2 1k 2T AL
XN B B R B RS 2 B i R RFE WD S A 215 5 21 218 g mi i e R 19,
[FIE, TRPE S >R 2 MR (1 22 J2 W0 4 fak L R 25 o g re s S i oe &, T ot 2 51 3
PR AE BN HE ) AN RGE A W FARBIUESS, AR 20 A5 M bk (5 BT e —
RS B TRAR R, 1 B e LA K R 2% 1 2 IR S5 ) T A 3%, B — 2N NS S AT E
BRI IA e Ak AR5 B35 5 R ELA 45 B2 49, xRy B AR E(E B RE
R AE P ok 2 T AR VR 2 S X A TR P Ay S it o A =5 ) 2 9 Al TR PR VR 2 ] PO 28 A 7R
TR B S S G R ML, DAt — 25 )R IR T 2 ) B S B R, o0t L gt i ) I ol SR
AT EANA.
221 REEEMLEK

KB EMZ (Deep Belief Network, DBN) & Hinton™™ & H (14 ) BB, Hogh#

K 2.1 o
W, W, :V\/Nli WNi
V Hl HZ HN 2 HN 1 HN

ST T SRE

EfZF EREW BER RES
ZE % W

2.1 IREEEFEM L
EH—ZAMEV , ZEEBEZEH. (=12L ,N) 4. DBN /A7 i85 R %2R 3R
2% 2 Ml (Restricted Boltzmann Machine, RBM), HAAHARE M E DU B (5 4%, B A R %L
EFEA (2.1) K sigmoid PR

sigmoid(x) =1 L (2.1

—X

DU ELAE P 2 — MR IR BER A, R IRy
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P(Hi. | Hi)P(H;)

P(HilHi—l): P(H- )

(2.2)

Hfi=12L ,N CHT4—, XEHH, &RV ); P(H,_,|H,) =sigmoid(C+WH,), CAH,,
FimE, WRNH,_ FIH ZEFEERE; PH,_ ) HEASE T —ZrHse; P(H) A
O R 15 Hy BRE— WA oies, HRmEoREEr&4 T, DBN I TR 45
¥ Hy F IR E SRR TALZ, i v HZE SRS I EER S BoRAIWNZBUE M & T £oR
[RIHREAIE o
DBN & — MR AE A AL, AN 5] T A% Gu i A Y 1 23 28 I 2 I 70 A S 4508 T 0] i b
B AT A TR, T 2 L — AN SR AN bR 2 2 (B RS oA, DAIRTS R
Bl B s AR A A 25450 A, B P(data | label) #1 P(label | data) - DBN frIHE A RES 50 #i
N
P(V,Hy, H, L ,Hy) =PV [H)P(H[Hz)L P(Hyn_2 | Hy-1)P(Hn-1, Hi) (2.3)

Xt DBN 145, Hinton 42 H & 26 M A TG SR G I & S50, e TR %
JE SRS S R 2 SR S A UG, IR AU S bR T I SR 2 2 IR A e — 2 3k
FHIR 22 R/ A T AN R AR A7 b R 52 X 2 SIS O, R ORATE J5 22 i B AR A A AR Re e —
NEUFIVIIGIE, 2 EMNSIZRE S EN R A . S INE B2, XMEEM
o ENERR T RBE IR F 0 R IERR . TR B FE s K DBN AWAHARIIMEZ (4n
H  FH)D BR—NRE—ERAZ (H, D AI—EREE (H) FEBmams, RHZ
ML N 2505 BT I 2. BT @M G — ZR)E, b S M s, xtBErLYI
SR N 2% ZHOEAT I SRk B IA B — MEUFIRES « 288U (HO 5 F—RUZE (H,,,)»)
MIE, WBCHIREMLE, H B ZEEEZE (H)D ER— XGRS 5T AR N
L VI P A 222 R 285 1A B N BB AT I 25, 4% e 505 30— EL I 258 DBN 1R BT BEGE 2 1T 58
PRI ZRe TN ZRIRAF I 2 AT KRS H, R 2 — AR AT R A1
1 4% 1) B A B K0 A 9 B DBN I 28, 38 3 SR i R0 A% 3% 5180k wake-sleep 411 )
SR X 2 4o E R AR T2 Bk B RTIR B 2 ) 48 1 £ 207, AER
FAfAIRH 0, AR 28288, 38 I ARl 07 sUER RS BLUT (1 A vk 22 B2 P 22 2 ZE I
25 PRI, AR B 2% 2] I 465 (1 B FH RO TT R

B 7 2 TS BRI IR 2% S ATLAN DL Hr B A5 0 28 IR FE 2% ST &%, LU FH e R 56 T 8 3
Gt as . BIREZHL 11 BRI IR 2 ) W 4%, ax e 2] 4% R DBN A bb 3 222 7 7E
TFM&IRBAR, mEdEf R A, LI, gl feale — 80, HbATT AN S
T DBN.

HHT, DBN Ko A5 R O okt 22 (0 T pe i 2R 1 B, LuoPOVE4 Hy — ]
DR BE 5 S W 28 AT AR, 15 26 2 224> DBN SRS LA I R S0REAE, G Jig 185 Sk

11



A R N R e A

BRFREE, SRJERIH AU Bk 54 DBN Eid— A 0R)2E, nlvj#as & ve 2o
DBN ¥ 45 RGBT REFRIEN, RIGEEE IS A5 AL 1945 5 SR E 4 & 7 5K,
i JE MR 4L £ 45 4T 73 2. Nakashikal® 2442 By —Ff 2% Re S48 18] I ik (1) DBN 115
BN o 12225 2] I 266 Hh (1 Bk 2 AN WO RT — BRBUZ (0 % s 258, 3k BRI T L2 B B ds
TP LA B R EEBUE & P8 R R E . (H2, 207 v 2 @it s 3 ALk 2 4 )
37 DBN M2 AR, SRJ5 LA & a5 B 22 gt A7 IR0, DRI 0 GA 0T G/ 1
Bl
2.2.2 HERMEMLE

ANETF DBN [T ki by, BRIZMZ% (Convolutional Neural Network, CNN)
MBS EAA, HAEmWE 2.2 Frx.

HBRZEC2

BRECL  RAEESL KREES2

a)} ]
—>

S
‘/Ub/
S

D/ 0)21 > ANK

TT IR £
i 0)1 2 - Linga]
il ™

o
%,%/
V4

a)l (05, _
Wyy >
K 2.2 BRI 4%

EHEZMIIEBIZE C ARAEE S, Ak (B 2.2 W T2, B—E#leEhE
P Hd, BRZERHZNARNERZ ST — 28— 40P ERA 2] K,
MET—ZE nA 4P, ZEA K ANEREE, ZERE A nxk A 4P . BRI
FRUNR

Xj' = (¢ * @y +b7") (2.4
Horb x§ RoRBVERZ DB AP X0 R I -LREEZ ST /KA 41,
[J/K)RARIKFERET jIK AN, kK RRZERE G KNSR o, FnE]
EBREDHINEDIZ: of ZRBIGREDE |4 P mE: « R ERRE: ()2
— AR R AL, H I sigmoid AL, R m B eE. B IR sigmoid %Y abs(g x tanh()) .

12
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BRI S E R TN R X, iz X808 /& az X, 2z X &5
TR A I 77 AR BB IR 25 5 AR 2 HR O B 4P 1 B A B IR o6, PRI e 42 oo 19 4E
TREE TR X E— R, Mz o ERE TEZXPALERFE. ARKER
W TR R RREE R, RSB = 4 g 3 DU A [F A B R 7 B %3
PR BT 7R IRRFAE o

KIEERABIRE A 4P 1 b8 mxem /NIRRT KA, 1200 ok Ziw
520, Bl

X' =g(B'sample(x;") +b?") (2.5)

E*@%ﬁﬁﬁ%ﬁ%¢%j4:ﬁ¥ﬁ;ﬁ%ﬁﬁﬂ%ﬁ%¢%j¢:%¥ﬁ;wmmo
TR RFERR AL, JBH N mxm XA BT g G RN, ) R | REEE T j A 4P
Rtk mE; b R | KAEEFE j A 4P mintEmE; g() £ Wb s %,

R EREA nxk AN 4P, REZEIE nxk AN 48Fii, (EREH 2R, X5
KEEEINEHEGRE TAEHGEE, EBRTIIRER. &5 — 2R ZE 05T 2 = HE
— k&, INE H— RO AT 2k

CNN &K HE BN T7 2, R RN S bR H -5 AR S B 1 22 DL n) 18 2 4 AR
KIS H TN ERZ IR R RHEA R NN REE , TS I8 I AR I R I 245 21 1,
AT EN G IRAZ I 2 B RHE R A BRI S M. RIS, CNN R A F RS AR
T BRI R IX IR, 5 EGE AR X B3 E SN ERZ; BG4 M R S
P, A RAERRE SRR S FIHNMAERGEE, ZBRIIRER, BIKERE. CNNIX
T R AU R R M AN BRI T AP B I 4%, R L RO 4. AT R 30
e e 5 A Fh T AR B AT B AN 4, T AN [R5 AR AZ 2 (A1 AH B G 520 iR e PR A8145 CNIN 75 DA
FHATNGR . 5o, GRZHERFEZ A BB U BB T L SE i ARt R g5 1), R R
FH T 22 4 PR AT UG S AR5 ME AR BRI 53 S0 2 v el T s st i 5] AR A B SR

CNIN 193 Fof AR5 3k 2 g £ AR 45 5 R 1) A0 B b B8 T AT B AR IR e ik - Krizhevsky™
HEK CNN MHTEHE S, IR — 1M EAERESERZ, 4L 650000 £t CNN
%, £ ILSVRC-2012 $itE KRt R E] T 16.6% LA o T30 #5304 5 AR 22 [0 2% b7 Y
BIVEIBE AR, IRE—FMEAWEGRE. MEXSEE. —BRAEL KL—
JZ= R JE R P2 B R, Tl il T I SRR ) T N THRBUGERFERRE A 2, I BRI
KL H] 99%. SunPUEH e 60 MAFNUELRZ. ZEXFEE. —ESFEEN CNN
T FEEN A [F) X3P 25 FREAE, SR 5 R — AN DU 256 60 > CNIN BT d 1) 4F
AEREAT b AR SEEL A IE, B AR 242 = 2 1 97.46%.

2.3 KE/LE

AT N PRE 2 AT R E N, MHA R 2 b5 VR FE 5 o)X — i @IS iR

SR R RSB ETT AN A T IRE S I8 e . [N, AT 7 PR R IR B

13
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G R BTGB, DI LB TR B Rt %/
6 25 4 ORI P 26 W B N R 8 J2 R, 2 55 B R 23]
IR s TS £ RS S B 0 0 AR A Bk 1 P T PR 0
SR I G B R RFAE. A 0 TR ST MO SRR B 1805 1 EL i AT

14
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£ 3T ETOMEmARSNEE

3.1 58

TR R AE H AR IE 2 22 B s, NI D 458 1) 3 2 H AR 2 4 m IBGIE R A 18
IR, B AT 2 B A M A, LA 5 v T S5 AR e ARG, 00 38 ) ML AT N GG 5 A B Ay
T 45 I T

THD [P AL A0 g N RS U () 9 2 S SRRl o o iX — Wi Ao b i $e ) o IR 2
FXT NI 73 J2 0 2 I AR B, T AR SE R BUER(E B 2 o iy, e —A
MIAGFHERAC BRRHE . R EBRHE R 2 JRRrAE . WS BB O B WER(E Btk
PR R SRR, N ST N NI AR S A R . AR EE S5 S X M4 R AL
B, $fEH—MEH—-ZTRE. WERGRE L — 250 K Z H IR FE 22 2 W4, A5
PN ERAS B A B FE DA BUm AN EE & 2 OURIE, RS2 JE R B R, 2 2T B
JELEHAE NI R &R, SEIUN 4TS 5o AR D' IR &5 DR 3% B B s B e 1k () N I A i

AEE G RN AL IRBIR2E 2N, SR G AR NP 48 70 1 FL SR G e gh AT st 4
— MRS Z BRI R 2221 (Probabilistic state-Restricted Boltzmann Machine, P-RBM), DA
WG, B2~ P-RBM )38 (] [ A0 E ot NG AS I R IR B2 27 ) I 2% o 125 2] I 28 7 78
PEHU NERE &2 DURFE B SR At SRAS 5 AN B A8 SE 2, AT BEELLT (1) S0 BRAR A% 150
THINBATI . 5546, D TR IE B2, AR T SR A I s A5 Tk e ) A= s 12 X 45 A
A/ NIRRT ITE ], SR 5 PR 2 2 20 0 248 SEBIGH e i X S iy N A EE NG 9028, I e e K]
bR E A2 AT . X T2 ST B2k, i TRk aa 1k I 28 28, FEAE TR
it e RZBE s WG £ 2 P-RBM 222 I%R, MITAERE S illl 2518 22 2 B AL 35 1
I 5145 J5 B BAR AL IS R R — MU BIRIARE, ANMUB R T 2 /= M Z8 I 25T RE A N i
AR, R AR 2
3.2 ZIRH/RaaSH AL HEHLH

AT S T A 2 52 BRI R 2% S LA R B e OB, SR 5 dd e 40 i He 5 N Tl 42 70 LSk
ASA ) 22 et o AT osodk, $RH — PR A2 IRBUR L SN, B4R 7 ZRP/RZ 2
SR HAS R 2 A AT 5835, AT B8 B 4 1) 58 A 21 4y AT 55 o
3.2.1 ZIRE/RZEEH

Z IR /R % 2 M1 (Restricted Boltzmann Machine, RBM) #& Smolenskyi it R 1|3 /R 2%
SHLH Rl — Z A O A TGE L TR H K — PRI LA 2 I 28 A58 . Bl LA 48 P 285 72 i T
e A TLEBENAZ T, WA TR R S ARSI A, ol R R R 1
RFRBERE, 0 KRFRRBIERE, HHEIOHIMES —A 0~1 Z [ REHLEGET K

15
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tbECk e HARES . RBM H—Z0[fLEV f—ZE0)ZE H Ak, g5 3.1 fros. H
Vi(i=12L ,M)FRRATHZEZ T A0, hi(j=12L ,N) RRERIZE | ML,

HHEY  BEEEH
B 3.1 ZIRBIRE SRR
RBM @& — M TR E R A ML, CrBHIR TR 2 RS IR, fEEREL
MR EN RGN —MIE, RGHA 7R MBS, REKGEEME/DN, FItaEE
BRI R fi /MBI R S e B IR . RBM I REE BRSUE AN T
E(V,H)=—C'V-B"H-V'WH (3.1
L, C BRI ZER W E, B RoRFEmZ R E, W 327 T HLZ A G52 2 18] R B RUE -
BT R E R AU B G M R AT R
P(\/,H):%eE(V’H) (3.2)

\

Hrpz =Y e "V monm s, AT IR 1k, Bk, RBM KIBEAHER i
V., H

e E(V.H) eCTV+BTH+VTWH )
P(V’H): CE(VH) Ty T T (3.3
e : C'V+BTH+VTWH
H AT DS RBM 2V FIFSGZE H 204 A
P(V,H)
PHIV)=—=——"—= P(h. |V (3.4)
(HIV) =5y~ L1PO V)
H
P(V,H)
PV |H)=—=—~—"—=[[P(,|H (3.5)
W IH)=5p -y = L1PO TH)
Vv

ML (3.4) M3 (3.5) FTLAGH, RBM H[d]—Z & ok 2 [a) e s AT ), X —
PEREASRAF RBM AR M2 e R A I, ARt 7AiM IR a0, Itk 1
IBATIEE .

3.2.2 EREZIRBIREEH
RBM JIT A R0 A2 B 8] i 5% AR I HIR BE /7, LA [A] — JR A 42 JeAR e S A1 A FR P o i
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HECH T HETHZ W28 1) 3 B o AR T HAR 28 T8 A S0 AN A TR0 PR FIOIR 28 I 5T 5 N ki
PR TCH L SRDLIFA T AR . AR A IGHR 22 T0 IR AS G A Ay o, (H HC Ay L Bl
FEIEHE S IFAER M A —niB . YA TeER, w2 R H N RUTRAE S
) — g ik, KRS S 0 P A W] AR IR AL R P, R, TR A K g 4 e
A PECAR SR A MRt — I K 2 e ARSI R R 0 5 1 Z IR RAR, T —4 3K
PINEZ AR ES L. Fik, XEXT RBM HMEOREIT S, fEREHMETH
BOEMER S, AR EA N ZouB A, 12 B MR R 2 0 2R 7 AT I
WA, PRZAMERE . RAMEZFE AR Z o E A REFRAR AT — 2 W28 B R0 5 25 R 2% )
SO, PREAR A W R I HERR 2, B RE AR R Dokt — BB AR 55 /M5 B B il B0 ST
B3 N S BB e L ) o AT TR et Ja I — g P 2 R R 28 2 PR IR 22 2 41 (Probability
state-Restricted Boltzmann Machine, P-RBM).

B (3.3). I (3.4) ATLAHEH, 45 % Al AL Z I Bl 2 Hh 3 — i 2 ool i 26 A
N

T T

_ __€
P(hJ _1|V) - zeCTV+bjhj+VTthj
hj

;
bV Twgh

b h;+VTw;h;
DI (3.6)
hj
ebl+VTWJ
1+gPi
- 1
1+ e—(bj+VTWj)

+VTWJ-

= sigmoid (b ;+VTw;)

Forf by FRMRUE T | AETEIRE, w, FoRBUEW FI5 j 5.
FIRITTAE, Mg AR, TR T B 4 PO
P(v, =1|H) =

Wzsigmoid(cieriH) (3.7)
+e it

oo, FRMTHE RS M TTHRE, w2 RBUEW [5i47.
3.3 ZREKE! P-RBM R E 5 =] #6848

1 N IR 2 GE0T MRS 18I S0 E 50 JB 5 0 T3 20 J2 S A 5 81 A T
P A S AR, R A L) P-RBM NG, B EHLRE. PUERE, b
Jo— 245 SRR B T P-RBIM I 35 25 TR I 9 25, 190 26 e () P 400 J2 0 0 J2 el 2 A B 7
JUA P-RBM, %t iR 3 R Gont B AS B D AT FE . S 4b, 9 T ekl s, 75
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Y
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P-RBM | 53R FH 6 W B 2 51 5 ARG 00 I 2% 76 2 S0 s N 008 352 R AIE "B M 1 A
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c™V+BTH+VTWH

(3.8)

e
p(V) _Z CcTV+BTH-VTWH
H e

V,H

Hrp CHRARAMERNME; B RRERUZ M WE; W Rl MLz 5 Be)= Z 8] 1 R AUE .

TEE oS0 P AR M 2 2 R B 0 S B R BRSO 5 AT A
algvs”(\/) = p(h; =1V) p(v; =1|H)—; p(V)p(h; =1V) p(v; =1|H)

1

a'”at‘j_(") = p(h, =1V) -3 p(v)p(h; =1V) (39

SR iy 1) - 5000 =1}H)

A (3.9 i PV i ELE I £ v A RS S\ K A R 25 R B 4
X R N BT S A B SR AR IRAS, (A TF R R R X HUR A SCHER[59] £ Xt
M2 54 (Contrastive Divergence, CD) POkl it 58 . KBt R K& X T

CD—k=R||P,~P, ||P, (3.10)

Horlt B BRI SR R4 . P, R N BRI MER 50115 By K K

AMRREZ R BRI A AT R || P, %5 B 5 P, 2 IR KL BB, i T — U A R

2 JE A R 5 A4 2 LU T — R B3 T4 N AR I RO B A4, BRI
RallP>=RIIP, (3.11)

L SANAE P 5 P AR F] I ME S 0 AT I BT, IS FRARE 258 43 B A N B 1 D10 RO 2R 43 A
Rk — s B k =1, MI7EHE/MEAL (CD-1=0) 3k13 P, 5 P FT & KA AR 0 A . ]
i, AN — VR 5 A0 R AR SCREAEAR KRR LAk P-RBM IR R 24, PRIl ghid & .

Horr, —IRGEBER) SR R a5 DU A

D XE5UE AP ZTT hy SRR HAE AT AL Z FZ RS Z R i 2 ok SR %%
PETFHIMEZ p(hy |H), V), Horb HY OZEERZE R hy MR E T, BT P-RBM 1 EE5EZ
FAPEE TOAE I TR ST I, DR

p(h; [HY.V) =p(h; V) (3.12)

2) R 1 PHREREZEIRAE, KA EM R ATE &M & T EERRAE pv; V), H),
Hrv) BRI TG v AT E I R A 0. T P-RBM AT #ILZ &40 2 Tl I 2 ]
WA ST, PRtk
p(v; [V), H) = p(v; | H) (3.13)
H— B RE A ERAE, FTLSRS T E S & ot ®e, Ra i M@ sisR1e 5
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Bk E nIE MR A By, 4kl kB CD-1E&SH T WS, WF:
o

- ~(CD-D)=<p(v =H)p(h; =1V) >p, ~< (v =H) p(h; =1V) >,
ij

0
E(CD_D =<p(h;=1V)>p —<p(h;=1V) >, (3.14)
i

0
E(CD—l) =<p(v;=1H)>p —<p(v; =1H) >,

B FEE R, R (3.9 FIxk (3.14) dii p(vi =1]H), p(h; =1V) &1k P-RBM i
ZIUHIMERA, Hrb p(v, =1H) VIG5 .
30 (3.14) 1153 P-RBM H &S50 1) 8 A X
Aw; = momentumgAw; +&(< p(v; =1|H) p(h; =1]V) >, -

< p(vi :1|H)p(hj :1|V) >P1 _Wcosthij)

Wy =W +Aw;
Ab; = momentumgAb; + (< p(h; =1V) >, —< p(h; =1V) >p) (3.15)

Ac; = momentumgAc; + (< p(v; =1|H) > — < p(v; =1|H) >5)

HoAwg, Abj, Ac M HIFRRBUE AR E R < >p RREIRIE P =0,2) THME;
EFINF R, R—WHIFET; momentum RoRFERF T, BEAEKELE B E—ANER
FRICE L R ({5 momentumgAd  (Hrh 0=w;,b;, ¢ ), 18 P-RBM BRIt R38R /ME s Wegg, %
AT T, TR 2 B 2545 B AR X S 3 im0,

FIRR (3.15) RWEH S, 5430 L CD-1= 0 HH I 76k P-RBM K, ¥
% P-RBM [&580 2 A —> P-RBM HJ L2 W46 04 B 2 iR IZRP IR, B2 5E
Fifi P-RBM 1%, XFh 2 2 4% 2 IR 7E B2 28 )1 25 Pz o L 22 S i o
SR D7 UM LR S BRI G610 2 2 N 28 S 5008 I R R 22 I 1 A& 3 SR AR AL S 50l
27, R T IRENZERIMERE, R T 2 EMEINERE G BN R

I B R AR TS, HARMA TR, RERZEM A TOIRE T 5]
B ATALZ, HUa R T ALE BT SRS 015 BB K B R B R B 5 3T DR 13 iZ A 4 T i
FORMFHIE. B335 (). (b, (o). (d) MWFEFESHREH, . H,« Hys HEHRE—
P TEH S T ALZ SRS A S . S H, A T TR IR S R E N, AHE
H;(j>i)ErIER.

() H,BErEH
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() H, BrEH
Kl 3.3 & EME TCHIE I BT RN RHIE R =

3.32 7EEIZ

S3 S EARE H, BB, SR N B AE SUE B, SRR NSO B AR R E A4 2
T AR R 2% BAT Gk, BEE 22K J2 P R SRR I A R R 0 45 5 P-RBM
— M TEE I SRR A M, B

P(h; =1|V) = —

Lre GV

Fop by R KRR | AMATT: V FRH, 0 b R RERE | AT

B W BRI H, 5 KRR W, I | 51
SRETAAE NG, LR 3.4 Fi%.

(3.16)

R %) m
W, B (j=1234) . Z Hedge sy 2%
— BB Ly o 25 AR
P-RBM 4R Spuk
W 1922 SURBPE 5
KEBH T B
BSREHIL
TR

Kl 3.4 43K 2R B
Hw, R J-1RGEE 55 | RBUZMEERUE: B RAE | BRElZmE: »REGRE
SR B2 (8] (32 O S
H(P,P) :_Z(pi log fi +(1— pi) log(1- f)) (3.17)
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wAt. XFF EAST H¥ade, VH— ALy 33x 33 Ik (R i g B AL T A — Ak AR AR A 19 %19 B
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