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Region of Interest Extraction and Bilinear Interpolation Application
for Preprocessing of Lipreading Systems
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ABSTRACT

Lipreading is one of the important parts of speech recognition, and several studies have been conducted to improve the performance
of lipreading in lipreading systems for speech recognition. Recent studies have used method to modify the model architecture of lipreading
system to improve recognition performance. Unlike previous research that improve recognition performance by modifying model
architecture, we aim to improve recognition performance without any change in model architecture. In order to improve the recognition
performance without modifying the model architecture, we refer to the cues used in human lipreading and set other regions such as
chin and cheeks as regions of interest along with the lip region, which is the existing region of interest of lipreading systems, and compare
the recognition rate of each region of interest to propose the highest performing region of interest In addition, assuming that the difference
in normalization results caused by the difference in interpolation method during the process of normalizing the size of the region of
interest affects the recognition performance, we interpolate the same region of interest using nearest neighbor interpolation, bilinear
interpolation, and bicubic interpolation, and compare the recognition rate of each interpolation method to propose the best performing
interpolation method. Each region of interest was detected by training an object detection neural network, and dynamic time warping
templates were generated by normalizing each region of interest, extracting and combining features, and mapping the dimensionality
reduction of the combined features into a low-dimensional space. The recognition rate was evaluated by comparing the distance between
the generated dynamic time warping templates and the data mapped to the low-dimensional space. In the comparison of regions of
interest, the result of the region of interest containing only the lip region showed an average recognition rate of 97.36%, which is 3.44%
higher than the average recognition rate of 93.92% in the previous study, and in the comparison of interpolation methods, the bilinear
interpolation method performed 97.36%, which is 14.65% higher than the nearest neighbor interpolation method and 5.55% higher than
the bicubic interpolation method. The code used in this study can be found a https://github.com/haraisi2/Lipreading-Systems.
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Table 1. Grid-based Gray-level Difference Features
Generation Pseudocode

i datas = []
datas = [I

Input data to i_datas

for each element in i_datas.
temp = Gray levelize element

temp = Normalize temp to 130 * 100pixel
temp = Histogram smooth temp
for x =1 to 10
fory=1to 10
Create gridly, x] in temp.
Add gridly, x] to v
end for
end for
Add v to datas
end for

diff features = []
prev_data;

for each element in datas.
if current element is first element.
Add zero-vector to diff_features.

else
Add element-prev_data to diff_features
end if
prev_data = element
end for
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Fig. 4. Detected Region of Interest

Table 3. Recognition Rate by Words for Each Region of Interest

Word/Rol Roly Rol, Rols
w1 97.00% 84.50% 95.00%
oy 99.50% 97.52% 85.64%
w3 100.00% 100.00% 100.00%
w4 99.50% 99.50% 98.51%
s 100.00% 98.11% 92.45%
s 98.06% 87.86% 88.83%
w7 98.63% 93.15% 89.04%
ws 92.69% 99.09% 87.21%
wo 98.53% 99.02% 97.06%
w10 89.72% 79.44% 91.12%

Average 97.36% 93.82% 92.49%
100 4

95

a0

85 -

a0 -

75
— [ T L T T3] e I R & e (o)
= 3 2 3 3 3 3 3 3 7

m Roll w Rol2 » Rol3

Fig. 5. Recognition Rate by Words for Each Region of Interest

Table 4. Average Recognition Rate by Region of Interest and
Previous Experimental Result

Average . Average
© Previousexpe .
Rol recognition . recognition
riment
rate rate
Rol; 97.36% Yisomar 93.92%
Rol, 93.82%
Rolz 92.49%
Yisomard] Bt A2EQ 93.92%2} H| XL wf P& JG<l
Roll€ o & W JAES, UnA 9o o 2o 37
JINEL by 2 B4 G} oA AT B AAE
A= Table 49 2t}
M) B 99 F Y B2 BE QAEL B U 9

Table 5. Recognition Rate by Words for Each Interpolation

Word/ Nearest . il
. Bilinear Bicubic
Interpolat neighbor . . . .
) . . interpolation interpolation
ion interpolation
o) 51.00% 97.00% 91.00%
2 14.85% 99.50% 48.51%
w3 100.00% 100.00% 97.54%
w4 99.50% 99.50% 98.51%
ws 85.38% 100% 95.28%
w6 100.00% 98.06% 100.00%
w7 96.80% 98.63% 93.15%
ws 94.52% 92.69% 94.52%
w9 99.50% 98.53% 97.06%
w10 85.51% 89.72% 92.52%
Average 82.71% 97.36% 90.81%
100 -
B0 4
50 4
40 -
20 4
o LI LI
e L e - - I = =1
33333 333 3 7
m Mearest neighbor interpolation
Bilinear interpolation
m Bicubic interpolation

Fig. 6. Recognition Rate by Words for Each Interpolation

.‘% 7].;(1— =0

O T+

Sopt d9dstA|

}.0

[0),
o -

Ae B3 Yds FIo) dis) Aot dA=
F 7HA B 2 ol H,

0% 4R BIES A8 BT | 4 B B
Y e Ags 9ol Age wEstet,
37b4 BZPES ALgstel Aok Bl

Hge

Table 59} Fig. 6l YeLt QUch

o

o10] gho]g

o,

A A 2 olR HES AR A9 1071 &9

B AXES

o] Bt QAAE2 97.36%,

1071 ©ol9] Hit A&
14 A Ax B 39

A7 AL ds YRS

T =01, de 999

EE5H= Rols 412

o} 123 wolof metA k&

90.81%°] 31t

E@.'a']’%f‘ ROIz,

ge
B AAEo] Wokx:

82.71%, o1 A9 H7PHE AR8st A9 1071
o|F AR} H7ES ARSSH

(o]
s

o] Helo] 3% 7Fg st W

IE3sk= Rol1 9] Hat A4 EC] 7t

de, H, we

23 FAH

o QX8 Holk BA Fe]

o]zt itk AL ws, wo. 0109 AHE AHE UL &

A3t



1o
H
09
re
1=
>
|>
o
2]
i
il
40
rot
el
o0z
08
19
4
Ml
i=)
i=]
Ofd
>
0!
HT
[~
oE
il
ol
©
~

Bt IAEC] 7 =9 Rolig A& ZF B o i EAE AR YT AR m3tEE S40] d&
tish 12 A¥Z 3 2, Pt AMEZ olF AT B0 FITE T Y9 E T di= 245 e EANo]
71 E9tom, olF AR HIH, HY o] B &A= S| ARt 8, who] QS f 22 ARo] xtE= EF
QIAEC] RolAl= ZTE EIPrh & Aol AFe & o] WobA 3|4 7] o], 0 FE w7HA9 14 ATt A
A 1A AARY 9 B IA0A 7MY =2 des= EQ a0z Aggtttar wegit) 31 371HA] BIHE ARES
HIPHE o]F AF HIPHQ AL Q1% £ Uqth of 4 9L BHaEs dl, 59 Zol7t B s 2

2o 543 AU F4 PHOR AU Kimo AFMS &7 HUMOR il ARSiEEA WENIE Sags
Atgo] A1 HET ds 999 E4E Q14 E Frt Axet 9] Zpo|7} Azt AR; 719t ol kg E4Z A
B gS o, B AFolA YOLOv3 ZES ARESte] AFzC sk A 27904 |FYuek 9FE A 5 = 29 &
B HAST ds 9IS Aol FAEsH HEt dE B o|5 WAYA|7]7] o], o]F AP HIPH HEge o
AHTt Q] B 4] AN =2 H5= El HA 37HA AZ £9dt= E40] 7 mE|d 9] AHsto] ot #igto] J
B & olF A3 EiMo] 7P w2 A2 EY A Fe A 7] g2l wagith
IS = AR 2 A4 HST T4 99 Helol TE AAE Aol

9 A3}, T4 FH99Y Z71E 2L 1 AREE= B Xfo]

5.4 2 9] A3 5Z v g AA &R AFAEY B AHEE

T 499 HEol d EY Y 52 =8+ US A

S = w4 Ao QEL AME] e SR IHER
< o] AR, ol Bl A = o B 149 HE
o] A, Tl 2 ATolA Q4] A5S MM ¢ References
oA 2 Q4] Aol AR Ee A F2E st [1] Z. Zhang, ]. Geiger, ]. Pohjalainen, A. E. D. Mousa, W.
Alo] o]FolFtt. 14 dele] A d92 F& de 99 Jin, and B. Schuller, “Deep learning for environmentally
AL, W} Fo A7)= thE HelEo] XFE B 99 robust speech recognition: An overview of recent devel-
of tislixe A FkAet. B3, FAF HolHESE At opments,” ACM Transactions on Intelligent Systems and
3ok H AR&She B2 tiet Afol = AT =R Lol Technology, Vol.9, No.49, pp.1-28. 2018.
oA B JLoA o HRES AAISH= B 29 W3} gl [2] C. Bregler and Y. Koing, ““Eigenlips” for robust speech
o] Z-2 A3 ZAA A I3 BZPHO] XJo|7} AAIES recognition,” in Proceedings of the ICASSP'94. I[EEE
AAT 2= Q=] &olsly] Yaf Eakel= HQlo] 47t thE International Conference on Acoustics, Speech and Signal
3714 A ddo] tisf o14] A3le 235k, 3714 H7HY Processing, Adelaide, Vol.2, pp.669-672, 1994.

o i glolEE AFalslar Q14 Alslyl AuE v wsh= [3] U. Meier, R. Stiefelhagen, J. Yang, and A. Waibel, “Towards
Aoz 7|20 4] AT}t Aokt A gdado] AL o], A unrestricted lip reading,” International Journal of Pattern
oFst H7PHE0] A xjol2 AZsH= AS Aokt Recognition and Artificial Intelligence, Vol.14, No.5,

03 B AT A 243 WPHoE o B AL pp-571-383, 2000.
2S04 2O W 0lAR HLO Hoji 714 ool [4] Y. G. Kim, “Feature selection method for speaker inde-
o ol ojojo] Az} Thojo] wlebA] HHsbE A Jeio] B pendént lip reading on'noisy eTlVir(?nments,” P.h.D. dis-
olo] Xfol7} ZAFE A B4 Ao 7] Hsto] AMRE B ;eorltguon, Chungbuk National University, Cheongju, Korea,
Auol of A9 BAYS M w2 Vet AS T2 g gy vz grHoz 438 712 FF0) BIAR,
‘/'\_;9"1:}% A, gtetel /\}%Ejé fﬁlﬂg} Fol7t ?lé}%?ﬂ Communication Sciences & Disorders, Vol.1, No.l,
FE v 4 ks AE Q1T £ ot T3 AA| pp.150-177, 1996.

A AT ZEE A A F9E A&t A [6] D. G. Stork and M. E. Hennecke, “Speechreading by hu-
AlEo] 2 A&she WhHED w21, Q4] AgoA ¢ = mans and machines: models, systems, and applications,”
= 2%E ¥de & UeS At Berlin: Springer Science & Business Media, pp.525-531,

2 A9 AgoA de 99 9 I9S xgete] I B 1996.
do g ARHE o, d5°] BojAl= Ai= AR o ¥ [7] B. Martinez, P. Ma, S. Petridis, and M. Pantic, “Lipreading
014]9] AL &9 rgo| Holo] Wit 5o XS using temporal convolutional networks,” in Proceedings
of= "o 2 Qlgo] ol WQlEo| Q4o T80 HA| of the ICASSP 2020 - 2020 IEEE International Conference
ul X ojio] AFoAE BA] JHo] ], =o]E 130 * on Acoustics, Speech and Signal Processing, Barcelona,
1008k4 3712 A5Hststa, A% 715k EA dgolHs pp-6319-6323, 2020.



198 FEX2[EE| ==X 133 H45(2024. 4)

[8] P. Ma, B. Martinez, and M. Pantic, "Towards practical lip-
reading with distilled and efficient models," in Proceedings
of the ICASSP 2021 - 2021 IEEE International Conference
on Acoustics, Speech and Signal Processing, Toronto,
pp.7608-7612, 2021.

[9] K. Vayadande, T. Adsare, N. Agrawal, T. Dharmik, A. Patil,
and S. Zod, “LipReadNet: A deep learning approach to lip
reading," in Proceedings of the 2023 International Confer-
ence on Applied Intelligence and Sustainable Computing,
Dharwad, pp.1-6, 2023.

(10] FHE, s, d=+3k5a, 1970.

[11] M. Hao, M. Mamut, N. Yadikar, A.Aysa, and K. Ubul, “A
survey of research on lipreading technology,” JEEE Access,
Vol.8, pp.204518-204544, 2020.

[12] A9, “YFA Aol 1st ed, Seoul: SHAJAY, 2021.

[13] J. J. O'Neill and H. J. Oyer, “Visual communication for the
hard of hearing: History, research, and methods,” 2nd ed.,
New Jersey: Prentice Hall, 1981.

[14] S. H. Cho and C. D. Choi, “Viseme and its teaching strategy
for speech-reading and language normalization of people
with hearing loss,” Audiology and Speech Research,
Vol.14, No.4, pp.219-226, 2018.

[15] G. Potamianos and C. Neti, “Improved ROI and within
frame discriminant features for lipreading,” in Proceed-
ings of the 2001 International Conference on Image
Processing, Thessaloniki, Vol.3, pp.250-253, 2001.

[16] J. Redmon, S. Divvala, R. Girshick, and A. Farhadi, “You
only look once: Unified, real-time object detection,” in
Proceedings of the IEEE conference on Computer Vision
and Pattern Recognition, Las Vegas, pp.779-788, 2016.

[17] J. Redmon and A. Farhadi, “Yolov3: An Incremental Im-
provement,” Computer Vision and Pattern Recognition,
Vol.1804, pp.1-6, 2018.

[18] G. Jocher and A. Chaurasia, “Ultralytics YOLOv8 Docs”
(Internet], https://docs.ultralytics.com/ko

[19] J. Luettin and N. A. Thacker, “Speechreading using pro-
babilistic models,” Computer Vision and Image Under-
standing, Vol.65, No.2, pp.163-178, 1997.

[20] Y. Lan, B. J. Theobald, R. Harvey, E. J. Ong, and R. Bowden,
“Improving visual features for lip-reading,” in Proceedings
of the Auditory-visual Speech Processing 2010, Hakone,
paper S7-3, 2010.

[21] B. Sujatha and T. Santhanam, ‘A novel approach inter-
grating geometric and Gabor wavelet approaches to
improvise visual lip-reading,” International Journal of Soft
Computing (I/SC), Vol.5, pp.13-18, 2010.

[22] M. Z. Ibrahim and D. J. Mulvaney, “Robust geometrical-
based lip-reading using Hidden Markov models,” in Pro-

ceedings of the EUROCON 2013, Zagreb, pp.2011-2016,
2013.

(23] gHal g, olFE, “wfe <143} 7]A8lE,” 1st ed., Gyeonggi-do:
o[RtETAL 2011.

[24] 9%, o FE, 0|34, BI G, Y &9] PHHE AZEf,
Ist ed., Seoul: U-&, 2007.

[25] A. Koumparoulis, G. Potamianos, Y. Mroueh, and S. J.
Rennie, “Exploring ROI size in deep learning based
lipreading,” in Proceedings of the Auditory-visual Speech
Processing 2017, Stockholm, pp.64-69, 2017.

s 1 o
https://orcid.org/0009-0000-9397-395X
e-mail : haraisi22@gmail.com
20199 SEHEtE AFEITIHEAD
20219 SEHEE AFEITTIHAAD
20239 ~@ A @Aolo]E&RA A
20249~ A FEUHSt AFETEH

Bl puse!
] EoF : Artificial Neural Network & Digital Therapeutics

i

28 7
https://orcid.org/0000-0002-8646-0758
e-mail : moodeathkyk@gmail.com
20084 HFdist #gH GstaH(EtAD
201449 SEUt HAFEITTTHAAY
20194 FR0sHE FFEBSEAD
20209 ~ 20239 At A5Egetat

Zus
20249 ~d A IEHSL A7
A Hof: Featrue Engineering, AVSR, Lipreading, Machine

Learning

4 0 9
https://orcid.org/0000-0002-3531-0215
e-mail : mhkim@cbnu.ac.kr
19924 F=eot 33t (o]3hap
19944 ZEejot skt (o]ah4Ap
20014 FEefstm Zakat (o]shbap
20049~ A FHdsh AFEse

Py

Ol

Ol

A oL : Serious Game, Fuzzy Measures & Fuzzy Integrals

Digital Therapeutics



