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ABSTRACT
Oblique view-point lip reading
with frontal conversion using CNN

Author :  Kinshiro Kokaji
Supervisor : Yasunori Sugita

Lip reading is to understand speech using only visual information of the shape and move-
ment of a person’s lips. Automation of lip reading enables automatic generation of subtitles
for video, information transmission support in environments where audio transmission is
difficult, and the like. In addition, speech  recognition performance can be improved by
using it together with speech information

Recently, the performance of machine-learning-based lip reading has been greatly improved
by the availability of large datasets and the application of neural network-based models using
deep learning. However, those studies have only considered frontal or near-frontal faces.
There is a problem that recognition accuracy is greatly reduced for non-frontal inputs. As
a method of improving non-frontal recognition accuracy, there is a method of using images
from multiple directions as a learning data set. However, there are few published data sets
with multiple directions.

This paper proposes a method of using front conversion by CNN as preprocessing in order
to adapt the models trained by only frontal faces to the input of non-frontal faces. In the
proposed method, the required data are dataset for lip reading only from the front viewpoint
and dataset for front conversion. Since the front conversion data need only to be photographed
from multiple directions, data set collection is facilitated.

In the proposed method, images of the face taken from angles of 0, 30, 45, and 60 ° were
used as a data set. The network used is GAN having two networks, a Generator for generating
a front image and a Discriminator for identification. Competition between the two networks
improves generation accuracy. The generator’s loss function is a combination of pixel loss
and symmetry loss in addition to adversarial loss of GAN.

Learning of the network was performed in two patterns. One was to learn frontal transfor-
mation from each angle by a different network. The other was to learn frontal transformation
from multiple angles by one network.

In the experiment, a lip reading model that classifies five Japanese vowels using only
frontal data was learned for evaluation of the proposed method. For verification, data with

angles of 0, 15, 30, 37.5, 45, 52.5, and 60 ° were used. The recognition accuracy was
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compared for the case with and without the proposed method. The recognition accuracy
was significantly reduced for non-frontal inputs when the proposed method was not used.
On the other hand, by applying the proposed method, recognition accuracy was improved
for non-frontal inputs. Therefore, it was confirmed that frontal transformation using CNN is

usefulness as preprocessing for the lip reading model considering only the frontal viewpoint.
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TR#MZEIT S [2]1 3],
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JETNOBPAEITD, B4 ETE, REFEEZFMT 27200y TV =T 127D
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—a—=J)xy b7 =2k, AMORKAIZH BHREMIEL (=2 —a V) Y F T 2DHE
BIZE DR T A MRERMEE R FNETLVTCRBELEZEDTH S, FHIzky, ¥F
T ADFEG TR & 2L X ERRE N 2 R 5 2 B TE S,

Za—=I)xy M7= OHIEK 211K T, TIT, £DFI»S ANE, FEE,. H
HELER, Moo —ay (F-E// - 2L, ANMEEHPEMEZEZ S &
BE2HIT 5, £/, KAEYFTA2RKL, ZOM/BEHREICL DEROEELPT IN
bbb,

AJEEDBANIH T B =a—0 VO Z2RET 2 EIMEZ R 5 % E TEME LRI
LIRS, WEMACBIEE h) L TR L. 2112835 y OHESOFHEIER (2.1) TEX
N, B AN EFESTRE DORBOMRAHNZIELES 2 #MHE L 28 DI2R 5,

1 = h(wiix1 + warxp + warxy) 2.1)

VLB S LT < HWS NS E D L LTl ReLU(Rectified Linear Unit) BA%(A 5
%, ReLU BIEUIIR 2.2) THRIND IS ITAND 0 Z2HBATCWEZFOEHEFH AL, 0
UFR%o 0zt 19 588TH 5,

_J0(x=20)
h(x) = {x x> 0) (2.2)

RelLU %, EtEOHMIIZLBEHEDEHI L x > 0I128WT, WOEIEIZ 1 D=,
FEY AR OB D BB L DN 2N A ) Y " A3H B,
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BAIAAR= 2 —F )by k7 —2 (Convolutional Neural Network, CNN) & |%, Convo-
lution & (BEAIAARE) 2HD2=a—I )02y hT—2DIZ L THb, 2010 EnolhE -
7= ILSVRC(ImageNet Large Scale Visual Recognition Challenge) &\ 5 H{&GERGHD 2 > 7
A MZEWT, 2012 #1Z CNN Z W7z AlexNet [9] &\ 5 €T IOVHMERS U C LA, i
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H. lEW DT —X (CHW), 714V X%ZF ¥ >3V C, & FH, IEFW © (C,FH,FW)
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AN(1,4,4) 7 4 IL%(1,3,3) B~y 7(1,2,2)

2.3 BAAALH

2.2.2 Deconvolution &

Deconvolution J& %, Convolution & & ¥ DE/EZE L, K~y TOKRE X 2ILEKT S
EDTHD, 2F0 Ty TH TV ITTBEEDTH D, WL, 24 DX SITAN
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2.4 Deconvolution /&

223 E=HERE
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2.3 GAN (Generative Adversarial Networks)

GAN (Generative Adversarial Networks) [11] (. BORHIER * Y N7 —2 LIEIEN S
ERETNVDO—FETH D, GAN TlE, B—D=a—F )3y NI =T DFEEE{TH>DT
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2.5 GAN (Generative Adversarial Networks)
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AREFEOHWIZ, EHAMAEDOAZFZEIEEZ) Yy TV =T 4 VI DETIVEIEE
RSO ARSI EEZ ETHS, ZOHKERDZHIZ, K31IZRTEDIZY Y
T —F 4 VORI L LT CNN 2 H\WTANEEZ FERiARANET 5,

B EEEHh
CNN
ll

FEIEM 1EH
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(EERR)

3.1 RETFEROFN

3.2 ETFILDOHEK

AEMXCERHEHRZTS > =a—J) 2y b =2 ETIVORENKIZK 3.2, & 3.3 IT5R
3 & 512, Generator & Discriminator ® 2 DD % v b7 —2 %% D GAN DRk % L /-
CNN 272> T\W5, ZDETIIVHERIL Rui Huang 5 OEERIED 72 D IEHEAERK v b
7—=2 [12] D—#8&2FIZ Uk, ETIVOFEMA/NNT A —-21FK31, K32, £33
ANER

Generator (% Convolution & & Deconvolution 2 5745 T 31— X5 31— X DIEKIZ
RoTED, MPORANIFAF Y THHZEKL TWd, AT —XIE RGB3 F v~
FIVDEGEEARKEIEZ0%2EETEI2I2LD 6 F ¥V RIVERIZR->TWS,
ZE, ASEBROEFAE DK E VBRI LT D IEHRASEAR D 24 F N E 5 7280, Kz
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SEEZHLDEMHETLIETEAE L SIZH I TDERNPEHRT 2 L STz, EHEL
BA%IE H 18 T tanh BA%L. A1l 4 DD Convolution J& Tl LeakyReLU BI#(, Z i
DA ReLU B2 Wz, £72, A7 71~ ¥& Adam 2 L 72,

Discriminator (& Convolution & & ResBlock THik X T W5, IHMEALBIEIXEED
A TEA N, ZLAME ReLU B2 FW., & 77 ¢ 1 ik Adam %2 L 7z,

skip connection
c = c
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#% 3.1 Generator DRER;

layer input output filtersize | stride
conv( hxwx6 hxwx64 3x3 1
convl conv( h/2xw/2x128 3x3 2
conv2 convl h/4Axw/4x256 3%3 2
conv3 conv2 h/8xw/8x512 3x3 2
deconv0 conv3 h/Axw/4x256 3x3 2
deconvl | deconvO+conv2 | h/2xw/2x128 3x3 2
deconv2 | deconvl+convl hxwx64 3x3 2
conv4d | deconv2+conv0 hxwx64 3x3 1
conv5 conv4 hxwx3 3x3 1
% 3.2 Discriminator D FERK
layer input output filtersize | stride
conv( hxwx3 h/2xw/2x64 3%x3 2
convl conv0 h/4xw/4x128 3x3 2
conv2 convl h/8xw/8x256 3%3 2
conv3 conv?2 h/16XxXw/16x512 3x3 2
ResBlock0 conv3 h/16xw/16x512
conv4 ResBlockO | h/16xw/16x512 3x3 1
ResBlock1 conv4 h/16xw/16x512
conv5 ResBlock1 h/16xw/16x1 1x1 1
# 3.3 ResBlock Dk
layer input output | filtersize | stride
convl | hxwxc | hxwxc 3%3 1
convl | convO | hxwxc 3x3 1
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WIZ, MEETNVOFFIZAWSEELBEBIZOVWTERS,
Generator DHEEBEIZR 3.1) DX D12, 3 DDEEDEKD S KD,

Lgen = pixeleixel + /lsymLsym + Aadv Ladv (31)

Lpixet \Z¥ 27 RNVEE Loy (EAFERLK, Logy FHOSHHEETH S, 1 13ENZTND
FEATFDEDDIRINTH D\ Apiver = 1.00 dygm = 0.5, dugy = 0.5 1235 L 7=,

F¥ ANV C IEW, EE HOEBRDGEEE R 5, ¥ vIVIEE L,y 1%, Generator
DA E G & IEfREER O ¥ 2 VA DI 7R FE (Mean Absolute Error:MAE) % W\
%, A (3.2) THRDSN, If;e;i, I8, 13711 Generator 4 BRI & ARG D ¥ 2
TUVEZRL., ¢, x,y FHEGIZBIT D7 IV OREREEZ KT,

I (A (3.2)

HAE R D CNN 12 B W T 54~ (Mean Squared Error : MSE) & MAE @
HEBERIZHWEPADPHRNICOEROEENEEZHWZGETHEENTVWS 2 W
S KERAE [10] SN TWB728 MAE 2BHAL T3

PRI =P S Lsym X, AHOBEORETH IR %2EETH2HDTHS, Zhid, &
FAENRRKEVWI EIZEHCA I NV =Y a3 VIEZBRBIE57-0DELTH 5 [12].
FMEIEL TR (3.3) TRO SN, ERERO LA DIIET 5 2 L IVIED MAE Th 5,

pred gt
A N (3.3)

C
Lyym = ————
sy CxW/2><HCZ=;

O MERR S Lygy 1%, Discriminator D512 & 285 TdH 5, Discriminator 4= ¥ [H]
x AN HIIHY A X Wy x Hy D FY, OB %% X 5, BohEEE, R (3.4) 12
X Dk 53, Discriminator D H M 0 125D IFEEEMEPNS B,

Luts = i 2. yZ F (3.4

HWOSPEREE 2 BR TS Z 212k D, EREHROIER T BRES NS [12],
— 5 Discriminator 8% L, 1%, Discriminator -~ IEfZH & % A JIEFD 1 1 H3 Ffty
YLEEE, RGBS TRDB,

Wa Hy
LdisszXH Z:;Z::( ) WdXHd

Wa Hy

> Z F&, (3.5)

x=1y=1

(3.6)
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Discriminator @ {7 2342 R A JIIREIZ 0, IEMREERA IR 112380 < IZ EHELMED
INE K725, Laay & Lais DHEKIZ L D, Generator DAL & Discriminator Dl % i &
IE5,

DA E S BEE D /MU E % AR FIEIC & 0 R E | FREVEIEIZ L D CNN D3
TA—REFEHRITHI LTy NT—27%FEHT 5,

33 F&E

ZEZEEAELEZT =22y PR U, HERE 15 “BHAGE 46 B (H, .-,
%, A) FEROOIC%E 0°, 30°, 45°, 60°, 90° 2 & i U7z, #iBRE 15 &4 10 &% %
BH. S#HETAMNHEL, SAEI LI, FEHAT 73,600 T —X, T A AT 36,800
T—=REH LTz, T—XE v bOFELWER LI A 1IZ5E#HT 5,

BEFEORXIY VT —2%2KEL 2DODNRR—VTHEE %757, O &2, FEHAIC
e U 72 30°, 45°, 60°, 90° ofaEZ iz EFNHDxy b7 — 7 TIEHAE O Y
2iiotz, 5022k, HEEAE»SDIEREH#EEZ VL DDRY T =2 TEH L,

331 AEILOIERZETH

30°,45°,60°,90° D AJNIZH U CIEHEMREGRZ L NTH L IC&MET LITH Y b
7 — 7 CHEBEIT oz, FEITHOTOWARWEERE O LT EGED Az d 5, IEEA
MEGOE AR XX 3.4, X 3.5, X 3.6, K3.7DX5IZk577,

ESAEREL D, ANBEBROMENKEL BRI IFEERBBROKEENEL TVWDEDHRD
D5, 30°, 45°, 60° IZB\WVWT, BB LT HOORIRMFHAIN B 5§D 4K AHER T &,
90° 12723 L HERREER A K E S NS Z L DR TE 72,

BURDET I TIE, 90° D ATIZHIETE R W2, KX TIX60° FTOANMAE%
ERT 5,
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EDAET(

AN B

& LB R
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& LB

X 3.4 FEME 30° D45k

3.5 ZEEMEA45° Ok

e 'l s
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AN
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B 3.7 FEMEE 90° DA K

3.3.2 #ERAEDEEEH

33.1 fiDfER LD, 60° FTOANZEZEL. 0°30°45%60° D AIZx U TIEHEHA
MEGREH T EE21208D20D%xy N =2 TERETo72, FHIZEIZAET LI
73,600 7 — X D& 294,400 T — X & W2,

BEHAEOERZEHIE -2y T =218 LT, FEF — ZIZHWT W W EERE
DTF—REANUZBOEREBSEX 3.8 IZRT, ANAENKE R DIFEE EMRE B
CAEREG R L 72 & Z DL DR DOREENE S 2MEMNH 5505, 0°,30°45° 60°
DIRTIZBVWTHE U THBEMIZEBTE2EGEPERTETNE I EDERTE S,
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AETIE, FHREOAZEZRBLEZY) Y ) —FT 4 VI7ETILVOEH 2T\, HEERRA
TN UTCTIREFEOHEAIZ L D RERICFT U CERAERH S Z 2 2R,

41 RERFH
411 EFTIER (VY TIV—F127%)

REFEOFHAEEZRGEET 5720, M41IZERTVY ) —F 4 Y ITOET NV EMAL
7zo ZOETFIVIE, Joon Son Chung 5DV v ) —F 4 Y IETI (4] 2L LZH
DTHY, 3ED Convolution J& & 2 BOEFEEECHEEINTWS [13], LW Y b
T =2 DT A—=RIFFE41ITRT, EALBIEUL ReLU B Z FHVWT W5,

A, 120120 D7V — R —)Vilifg%E 10 7L — L3 %FEE L, 120x120%x 10 D
ToR2EMWS, ZHUZLD, KEFERORSRIIEREZZESIE5,

Input

Convolution

Convolution
Convolution

Convolution

Convolution : A AHKE
Maxpool : Maxpooling
Dense : &5 /E

41 VTNV —F4 Vv ITDETIL
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z41 VTN —F 4 VT DETIFER

layer input output filtersize | stride

conv( 120x120x10 | 116x116x128 5%5 1
maxpool0 | 116x116x128 | 58x58x128 2x2 2

convl 58x58x%128 54x54x64 5%5 1
maxpool 1 54x54x64 27x27x64 2x2 2

conv2 27x27x64 23%x23%x32 5%5 1
maxpool2 23%x23%x32 11x11x32 2x2 2

dense0 3872 20

dense2 20 5

412 7=y by FTV—FT14>27)

VDV T)—=F 4 VITHOTF =Xty MZOWTHRRS, 11 ZOoMEE LT, HA
REDORE T, W, O, A, B SHERE L ZBOMT 2 L2, X EmEH
CNN OF— Xty b EFARIZIT 5 72, It RbdR 4.2 1087, IgAEIE, B
WZHW7Z 0°,30°,45°,60° DAttiz, MOAHETH S 15°,37.5°,52.5° DI bito7z, 1 &
H7- 0 40[frame] THZ L. T I 65172 10[frame] 2 1 DT —X kv b & L7z,

iz, TREEMBRT L7012, HxotlbHLUDOBRIZ +10 €2 2 )VO#PEITT
R LAZHE - BEHIADY 7 b +5° OFPHTT VX LREEEEZMNZZZIZED, T—
R AR Uz, TORER, SAE I LIZ, FET 5250, 7 A MFHT 3000 7 —
REANER LTz, 72770, FHICERAEDOAZMEHT 5,
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*£42 V) —F 4 VIHAT— R EME
B BRAE 2K 1HFETH, TAM4AS)
e 4 0°,15°,30°,37.5°,45°,52.5°, 60°
e DFEEE HAGERE ST (H. . 5. 2. B)
HHRERAE D [ 1 EH7-0 30 [
JL—LL—F 30[fps]
1 EH7-0DT7 L —L 40[frame]
ANT —RIZHEHT 27V — L8 10[frame]

413 235
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