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Abstract

In the online teaching environment, the instructors teaching with paper books often
use a “remote teaching video system,” which typically consists of two cameras and a
microphone connected to a computer host and used with an online teaching platform, to
capture the desktop images. However, the content of the book-pages in the captured
images cannot be read directly due to the curved shape of the opened books and
non-book objects on the desktop. To solve this problem, “the remote teaching video
system” requires the functions for book-pages detecting and flattening, allowing users
to obtain high-quality and readable images in a tolerable time (within 2 seconds).

The existing popular approach to flatten curved book-pages is to set up an upright
document scanner integrated into the system for detecting and flattening in about 4
seconds, which needs additional cost up to NT$23900. Now, an alternative method is
developed by detecting the curvature features of the book-pages within the image and
flattening the book-pages by these features. The advantage of the latter approach is that
it can achieve the same performance without additional hardware costs. However, the
average computational time of this approach is more than 4 seconds. The limitation of
these two methods is that (1) the book needs to be placed on a plain black background,
and (2) the shooting angle of the cameras is fixed above the target book-pages. To sum
up, these two methods are not useful and economical for the instructors to set up in the
online teaching environment. Therefore, to optimize the system, a more flexible, more
efficient and low-cost method for detecting and flattening book-pages is required.

To solve the problem, this thesis offers better solutions. It focuses on the research
problems (P), corresponding challenges (C), and proposed solutions (M) as follows:

P1) Problem of detecting book-pages of a single book on an impure desktop:

How to rapidly detect book-pages boundary features of a single book on an impure
\Y%
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desktop with various backgrounds and non-book objects?

C1) Current methods use “basic image object contour detection technique” to detect
book-pages, which is easily influenced by the color of backgrounds and non-book
objects, resulting in a poor detection performance.

M1) Newly design and construct a Page Edge Detection Model (PEDM):

Train a deep learning model based on multi-scale networks and convolutional
neural networks to detect the boundary features of book-pages. This method
effectively avoids the interferences from the non-book objects and background
colors. When the input image has complete and unobstructed book-page boundaries,
PEDM can rapidly detect boundary features of book-pages within approximately
0.5 seconds.

P2) Design problem for a more efficient book-pages flattening algorithm:

How to design an algorithm that is capable of handling different shooting angles
and achieving greater efficiency in flattening book-page images?

C2) Current algorithms require cameras to capture the image directly above the book
with low-accuracy and inefficient computational speed. Obtaining high-quality,
readable book-pages images for instructors within the computational time-budget
while dealing with different shooting angles is a challenge.

M2) Newly design Cubic Curve Flattening Algorithm(CCF):

Design an algorithm which accurately estimates the three-dimensional curvature
distortion of book-pages from two-dimensional features. It can effectively flatten a
book-page in desktop images within common shooting angles less than 1.5
seconds.

P3) Problem of evaluating the quality of flattening results:

How to objectively evaluate the quality of book-page flattening results and

Vi
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conform to human visual perception?

C3) Current methods use optical character recognition (OCR) techniques for evaluation,
which are limited to book pages with purely textual content and lack a direct
correlation with human visual perception. Therefore, selecting or designing an
evaluation method which is more comprehensive and closely aligned with the real
visual perception of human is a new challenge.

M3) New application of the Multi-Scale Structural Similarity (MS-SSIM):

The MS-SSIM index measures the similarities in terms of brightness, contrast, and
structural relationships between two images. This index is not limited to
book-pages with purely textual content. Furthermore, the human visual system is
used to capture structural relationships among objects within an image, so the index

aligns with human visual system, making it more objective.

The findings and contributions of this research are as follows:

(1) Newly design PEDM, which can effectively detect the book-page boundary
features of a single book within 0.5 seconds in the online teaching environment.

(2) Newly design more accurate and more efficient CCF algorithm, which can deal
with image shooting angles respecting to desktop ranging from 0 to 30 degrees and
book-page rotation angles ranging from -40 to +40 degrees. Compared to the
current method, the results of textual similarity evaluation improved by an average
of over 14%, and the structural similarity index of images improved by an average
of over 182% in the test image dataset.

(3) Integrate PEDM and CCF, and establish a user interface application. The
instructors can effortlessly perform book-page detection and flattening through
simple button clicks. Furthermore, the instructors can seamlessly operate the

VIl
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application with existing “remote teaching video system” on a Windows PC
without purchasing additional hardware. This application exclusively utilizes a
CPU to calculate a 1080p resolution desktop image, and complete the entire
process from capture a desktop image to flattening a book-page in less than 2
seconds. It offers the advantages of user-friendliness, cost-effectiveness, high
speed, and aligning well with the requirements of the online teaching environment.
(4) New application of the MS-SSIM index to evaluate the performance of book-pages
flattening system. The flattening test images are not restricted to purely textual
content anymore, and the evaluation results from MS-SSIM align with human

visual perception, making it more objective.

Keywords: Book Page Edge Detection, Deep Learning Model, Online Lecturing

Environment, Book Page Image Flattening, Unwarping Image Evaluation Scheme
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S M 5 R He 0 B B M WAL S A0 00k 28 % e (camera extrinsic
parameters) ° A P % & 4p 4% e ¥% 4 #c(camera intrinsic parameters) © & 7 £ §E ~ &

Bhie R T g% > U Z Jpip DR KA X PEAEEL o Bts s For ARk
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A &% i PEDM BURIHCA] AT BRI D] 0 d T3l B P AcBh 82 Qi 0 gL i0iA
FRGA L Adpehs B S8 5 (54 423 &9 cndoid A2k B9 eh% B pl
AAE o BAGEREY gRP S PFREGIMALE z;gtoﬁg])\ﬁ AT
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TR ITHEE RS A FE A o4 AT TR i s e
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FIFEA At hF AF R oA GEF R T R TRETSHE T ﬁ*u{?u’
OCR 4wt 8 6 i BF4pR e 3 2 enh G o 5 58 4 3 BT H0eha)
P
PRkt § 4R 5 ER RAOCR BRI 7 B % o d 204 £ & Python H 4
B o FP AN EH B F 5 27 Python 40 % ¢9 PyTesseract(v4.1.1)57 OCR & ;% B ¢ e
B § (T A7 G OCR %A o PyTesseract £ 3 S WFEZ » & 3¢9 2 Brm~ >
FRETPREAE EERPEGY F A AR R T 2 F L3 R
SRR D B R R hF A ORI o [ A ook T REr R GR
7 i) e
B RR e T P S ERF R P L 7 T g Fif(ground truth)id
@I B OCR MR > BREI- 2~ 8 HFpl Rt s 39 B dp
Wﬁ&o%iﬁiéﬁwwﬁﬁs’ﬁaﬁaJ(ER@&FNm@M L8 fem o
56%%@ﬁwwﬁﬁﬁ$’4%@%ﬁiﬁ%ﬁﬁ%°%*igﬁwﬁﬁ“@
FEA G S A A uE3E T3 245 3E 5 (Character Error Rate, CER) ) &2 T3 ~
#p 0 14 (Character Similarity) | °

F 7~ 4p i 44 (Character Similarity)

FoaApE S F PO ARR o d T R IRE @(KR»LP?“H%H
PFPERDERDPR O FIMAPITLERLVRIPERDTE FF AP0
M3 E o APEEEA AR ERFTE FE A4p it 2 L Levenshtein
Distance Ratio(LDR) » LDR & 4% 3 1}%\ T F B g A% E o T L LDR g3t
el

sum — ldist

LDR = (5-1)
sum
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A (5-1)Y ssum A A F B e Ao @ ldist P & o7 25 SedBEEAE 0 E
MR- IR I FRAFGGES A Y 2 g IR EE A dE
J;':.k?ﬁl']“,érf SiES A S 1o &or Idist & 4o 15 @ FHenmiES &~ 5 20 £ 57 Idist & ¢
20 TR BB F R

B3k stringl = 'kitten' » string2 = 'sitting' > P # % $* stringl :x#* I string2 o

step0. Idist=10 (5-2)

stepl. kitten — sitten, ldist+= 2 (5-3)
step2. sitten — sittin, ldist+= 2 (5-4)
step3. sittin — sitting, ldist+=1 (5-5)
Idist =5,sum =647 =13 (5-6)

LDR = 1§ = 0.615 (5-7)

do b it b o F A RGIEIEYE Idist 3K 5 00 4est(5-2) o B F 0 N (5-3)E 4 (54)
G O] B2 FNE A GBS A S 20 idist 8 F R4 20 @ (55 A=
PIEFE > > SfBEA A5 1 oidist 2 &4 1o 4 ,Tk:{gi;i%—'kitten'ﬁ; % 'sitting' e84 S 18
EFIdist 2 50 @A F 8 hF Adlcsum 5 130 SiENGS-7)HEE T EDES BE
B e LDR % 0.615° 3% & 353 » 'kitten' 2 'sitting'i& 53 B 5 8 ehx ~4p 0t 5 0.615 ©

F = 4% % % (Character Error Rate, CER)

FABFFET - BAAAFEHNRRNEE o 3 BN F APl F A
BFFLEA] AT A F P AR o CER & T hL K53 F P 73 FARR o 1Y
T % CER e+ 8 2 i3 ¢

Lev.distance
CER = ~ (5-8)
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74(5-8) " = Lev.distance #g 23" F i e Idist » & %] &> %t Lev.distance K3 »
&~ ‘1‘“'15%—‘;”5?’5*%% FpfES A Y L 1o N(S-8)i N L n P RF P Rk &
A e %%ﬁiéifi&{ground truth c0F 8 £ & o it enf B o]+ 5 6]

B3k stringl = 'kitten' » string2 = 'sitting' » P & % 4= stringl #x# | string2 °

step0. Lev.distance =0 (5-9)
stepl. kitten — sitten, Lev.distance+=1 (5-10)
step2.sitten — sittin, Lev.distance+=1 (5-11)
step3.sittin — sitting, Lev.distance+=1 (5-12)

Lev.distance = 3,N =7 (5-13)
3
CER = 7 = 0.4286 (5-14)

4o b i b+ > A K- Lev.distance 3 i 00 4038 (5-9) o &£ F 0 34(5-10)2 54 (5-11)
S F 1 & 3 2 “FK{’?#&? » ¥adE = A 5 1 Lev.distance 3,5'3%’ Bl m N (5-12)
S EL 7= Pl e~ > HmiBES A5 1> Levdistance F & 4c 1 o » %&{?ﬁd&-’kitten’ﬁ‘@ %
'sitting'#7 Lev.distance % 3 » @ 'sitting'shx ~# N 5 7 SiB;N(5-14)a3 5 7 71
i=n B F B 1 CER 5 0.4286 ° #% ¢ 3530 » Kitten'#2 'sitting'ie ™ B F B ehF 4535
% % 0.4286 -

g 3535 E 3 ;N7 F > LDR £ CER 4 hi %+ £ 4 F o % LDR %25 > Idist
AL AT A F P i BAx | > F]pt LDR 4% % ,7,};.@% BFPARAR) oM ApE
¥t CER %3 > Lev.distance 4%/ £ 75 F 8 BFeng 4% » F)pt CER %E'J‘,T%T* %

B F P A R4 o
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532 % < &“%T#J}El fJ‘I'L'*_(MS-SSIM)#Fﬁ%

R f?#p 24+ (Multi-Scale Structural Similarity, MS-SSIM)%% £ ﬁ%l » B2

AN

& ot R ¢ 544 i (Structural Similarity, SSIM)ehde {38 fr o Flgt > B/ g
R AR 021 (MS-SSIM) 2 % » 3% 4 F L 3w P % 4 4R 02 12 (Structural
Similarity, SSIM) s H4p 62 42.(SSIM) £~ 46.% 2 £ & 3 #c = B ffAp 0242 & e
Lo AREOT B LR Y iR TR dp 1% B4 MSE(mean-square error)#? PSNR
(Peak signal-to-noise ratio)’ % ’f##ﬁ D AR S EE P A B E A R RS
i ]

’%’E’_J}E 1 (SSIM) [WBS04]

SFHAR DU (SSIM)ehA AL 5 p R HAF RS T A R
POARAR R 2 BT A PR E S @ SR DB BT B Y R R T
BOAKALE S ARG B G Y B BB B a0 T 2L [WBS04]
[Wik23-SSIM] -

SSIM £k o4 A A P » § HF et 24 h 2 BTN g o
O RRERLEERNR TR F FARBEHILE o 3 RS R L
(mean-square error, MSE)£? & 41t #53 493% % (Peak signal-to-noise ratio, PSNR) -
SSIM B3 ¥4 » BHF A S A B A i3 mapid o ol e
Pz B AR AP R AR Y A S R E & TR

- ESSIM FIG R R R T R R SRR T R AT U ARG T
wde MSE { i & % K75 SRR ferdp AR R cMSE B 4 g3 R P ehT R R
FAED RS OT I TG R G L AR R ¥ PF > MSE e # g iyl
o B ] RECEIA g AR ARFT IS 2T oo

Fob— 3B dpin g en™ 2 £ % 120357 4332 L (NRMSE) ' NRMSE &_&
WAL (MSE) 25t o Lk B - R e R o Gk AR R

NRMSE #f* B88 % & % 1 v 3 SRt > 30 2 SR lE 3 At X "Uenge fI o 02 i 30
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g e X NRMSE 2§ 4 g 84t TR ks e

ST e = e (] 5.16) 2 H ot ity KGR ot = Fdp R Bl o

Image D

e C

Image E

Image B Imag

Image A

TRET O
iz
T,
i ¢
o > .5
J ]
N

Bl 5.16 & 3R ity 4o

Image A : i ]

Image B : (Image A * 0.5) + 128

Image C : 255 - Image A

Image D : Image A & 5 fpicis cni &

Image E © P& %

@B 5.17 ¢ el 2B 5.16 ¢ T kB Ap $37 Image A £ MSE ~ NRMSE
22 SSIM #edgo 1 A Sl R £ @ 3 0 B 5.16 ¢ cw v 3%k B i (Image A ~ Image D)

2

£

A itpiie- 2> @ Image E £ &ne kP 2a MRl Rm
WRF %Y UER 0 S G SRR IR L R P A R D R R X SRR
iz {35 1 2 Image B~CoD 2 # 3818 1)1 g enfp i R (2 ¢ Image C 5 f 40 M ) >
@ &3 Image E 73] 7 4%317 % en4p i & @ MSE £ NRMSE #icdy B 8.4 P Image E
¥t Tmage A e £ 8 ¥ 3 1t Tmage C f- Image D ¢ Image A 3% £ B8 & ) »

= i‘u&ﬁfr % MSE 2 NRMSE % #.>Image E +* 42 Image C f=Image D { f}.Image A >
SRR Bc A RDF ER X oip i & R SR i dp ki 53 Ao Image ASB -
C Dz Fixfpin > m Image EFTH & B 5 2 4p i1 o & 2. » MSE ¥2 NRMSE % & ;>
Bk Fpd Image ESH i B ¥ end Wo a7 20 AR 114240 R(SSIM)

#p# MSE 22 NRMSE { i BEiT A P9 g & o
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Image A ImageB Image C Image D Image E

MSE 0.000 4443170 7214.947 5445.344 4592.340
NRMSE 0.000 0.489 0.623 0.541 0.497
SSIM 1.000 0.744 -0.909 0.713 0.047

B 5.17 ¥ Image A ‘' fendicdp B [ KR © Wik23-SSIM]

5 % B 314 0212 (MS-SSIM)
5 < R S 44p 0712 (Multi-Scale SSIM, MS-SSIM)&_d [WSBO3]# o} » * % i

SSIM # i 4 2 4 ] R & B 1T B AR AL o F i~ B IRT R A R F kX
R¥ARR ARG K E SSIM R ERREEZARBFAREI L R A D
SSIM £_H = A& #(single-scale SSIM) > T ¥ it ¥ if & # TFIRK T dodt B ifeh
ﬁ%] » fRYT R - I DR o [WSBO3]hi® 4 3 111t @i dhsingle-scale { 82407 72 o
4R 5 R SSIM(MS-SSIM) % i i #eiR i % 2 0 H ik A R ¢
BT ARTERp kG X F REdy o MS-SSIM L~ 7 iR R T R0
mE e jE o

MS-SSIM § % e ipl b Se4c ] 5.18 > #5 ~ 5 3 & -5 gt dp o0k en® g
A SRR B A BB SRR B (R S8 ¢ L S H)E A BT 4
(I 518 # 2L= 3) » & %07 {483 5 - = SSIM(4 3R 5.18 ¢ stfe p 3
EE)o B iR ¢ R FEY BT A ¢ HE Y E enSSIMo A E - B e A

st £ Pk i [WSB03]R s ¥ ens % o & 2 G Rl 4B e R R R i o

signal 1—» L {24 Fpof L ] 2¢|—---

Y Y Y b

similarity
measure

|
|
hix.y) | >

I
|
|
s, (x,y) s, (X,
|

|
e e ] L — 1

sarai2o— LT Fo{ -~ {3

Multi-scale structural similarity measurement system. L: low-pass filtering: 2 |: downsampling by 2.

B 5.18 MS-SSIM & Bl % L@ [ kiR : WSBO3]
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MS-SSIM %7 f & Tt & k p [WSBO3]K e S o d 3T A REIT F °

e

RAORGALORERLRTF o LR RAOPFRILL D ARHETF LR SR A
PACRARE > R HH S MSSSIM 7 Rt R TE o B R
8bits/pixel A PR o JRAT A T 5 64x64 > T FRBLITH F AL b r § B7Y R

2h(white Gaussian noise) © 56 » (T4 f1% Tl Fifcd & 0 - @ LF s TP

|

oo FEXAIPGFG SHERE R BLIRE > - BAIHGREE S F 60 5%
ngguav@]il%&{_ﬁﬂ—zg% Boifee W S19 ¢ SR 2P Hen K> A
HAEAELERRE R SI9Y - 5h2 EARR & MSE 3t 5 B - o g
PORFIA L R R ERBCART S AR - R L AF L A
Bk E - 7 eh2 Eﬁ}i)}* MSE &t 5 F & - e B £ A A RO ER g

FRS LR S RAGLET R S RT AP OMSE A ZARRH A RO RE L
KA 2A e FIP > APT URERFOTT AT B B THARG S

7ARHERAR o
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distortion
lovel
(MSE)

- VIO
- 333000

B 5.19[WSB03]% % # I — 2% E 8 ] %k : WSB03]

wp R o [WSBO3JhitF & 1053 R RHG(e 7 A% >~ RBR P
BAGHEE) FRPGIG 0 RHEE ¥ LW B R 6003E L E G

FR% - FHZXFARE 848 3 - iFXBAAET o) FOAFREE

)

Fo ttﬁg,—F, PR T ,;H:gﬁ%:ggzpﬁ R ”"f‘%{i TP o A uig

s

N-Fio dieT kAR ET R 4 ;I,L;gj;,mpéagig THEW P
£HE7 %‘#F’P?'“{ AR R e F BRIEA R0 E 2P '%»’K-Qlt T3 gL
B3 FRESTOR o ol 519 ¢ i iRE R g - B %R0 R g
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ﬁ%% ’ Fx)&\!é/\ ﬁwufi\ Td kARG TEF2E el z\l’f—;fﬁ-"%f 4 4 - ﬁiﬁj%—iﬁi
BooRmB {8y @ F gk LT B ARANRT THEREL RS

fri - o THRUTEI G EF & MS-SSIM &7 & R Tt & Scalei > i=1~5

_3

Scale; = 0.0448
Scale, = 0.2856
Scale; = 0.3001
Scale, = 0.2363
Scales = 0.1333

IR

\\\?{r

Tiee R REET5 MS-SSIM dut £ o 4 g AR A D
MS-SSIM 45 #eye £ 5 » 3 SRR BT B 2 A Y A 5lk- & SSIM > s F
YLkt F 2R 4 Jfgmfr, L A fE 4 fr‘g‘_;.%;j‘%g\_;%ﬁ 5k 87 e MS-SSIM #;]f%.fg_,

';1\-";\4(5 15) Vl mSSIMl ’ Ilq%\ ;’: 1 ﬂ} 4 )ir;s gng%ﬁ?SSIM ]’E .

MS — SSIM = Z Scale; - SSIM; (5-15)
i=1
53330 3 2t iE g

* § F ~38(OCR)

- Ak ﬂé’s—%@»\ﬂﬁ]%i@OCRiﬁ gALEBEFAMRFILELEF S B M ER

E

LGRS % o Flo > OCR $gy » B NS & RiFERE - FREFLT 7R
N 3L S SN A

@ I -EitpE FEFLIERANEIAER-ECHEEIRAES

IIH ET T A R GR] Bl REFALR N RMRA 5S R

® OCR W p[#cA] g 14k e m»%;v]a%ﬂ?j*@])»ﬁ %o "F]I}Lg@])»ﬁ ¥ e

v F AR P B B ifdp g g o R 2 i@ OCR HR[ T
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g%k o
® Wi AALGPERNRFE A Bt hiERY RFETT K Fa
4 OCR il pl o BdF e 2B G F E TR 5 o
) >~ Fijend & K494 0 23RS ¥+ B8(Dots Per Inch, DPI) % 300 -
R ARG PR
o 0 FEH AR OCR 2 F B AR et A R TR g S o S
OCR eh@ iR £ 4p I chAc Py - 22 p g s = 1 1* (adaptiveThreshold) - A i 5=
B BRI D R I RBERBPERR RN LB E A
ﬁ%@gt:@ﬂﬁﬁﬁﬁ?ﬁﬁ%&uf;3¢%§h¢WL,ﬂwuﬁg%ﬁxgﬁg@
AR CRTHETR - RO TERERE D PGS Xy 22 ha g} o

Food KB AR R AR Y SHOCR & F B AR et A 2R T eh

X

i

LI

%= B % H§ 48 0244 (MS-SSIM)
MS-SSIM fi&* 1+ » 5 10T BRI
° ﬁ%ﬁ%%%f@;ﬁﬂ?—-f,&ﬁﬁ-ﬁ’iﬁ‘%{ﬂﬁ-ﬁﬁ’lﬁi#‘r}i°
® NV RAIFE B2 BT R
® i %7 ,g/,g\m,aﬁy\%@gﬁ{ﬁ»{ ;8 o

At E =gk Jq—rvﬁ Y- BEGT BT EP 0 doB) 5.20 frow o

SSIM = 1‘ | SSIM =0.110 SSIM = 0.348 SSM =0.223
B 5.20 SHitn oribdn e m LB kiR 0 Wik23-SSIM]
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B 5.20 7 0@ iy wideT

Image F : Image A + #% 30pixels » F|4r30a * 2 ¢ 3§ o

Image G : Image A if = &-324% 30 & - 430+ 2 4 R o

Image H : Image A & %3035 6.25% > FI4300 * 2 J 5% o

B5.20 ¢ ol s SR KB Image A G817 A~ kA it g R
SSIM enficie < t5 ™ *% > @ MS-SSIM » H_[F 32 o F]pt # SSIM & MS-SSIM
P ig il E 0 AN e it 8 5k B feendp (VRIS R S - O A
RS ApILE S e

5.3.4 PEDM-CCF gp,;\}bmﬁ FRBRT 5 3cd

25

A 531 &2 532§l kg 3 AyRs(OCRME T 8 v 2 &

AS

"3 % R B4R i E(MS-SSIM)4p 1, k3= PEDM-CCF J £ i Wenid (7 &
BT LR EY > T RS T HT S 2 [Zucl6]iit o B BT R R AE 7

PR OCCFH#T 7527 A PR IAPFFEFES N2 > » Frzd CCF #T

—=\

R T SRR G Rk A VL 2 R R S R iy 5 R
o,
fpe iRl S 6 0 [ZuclO] 58 TARA b i iRl S iR T

VR T e 3 5 m AT AT 0k SR E1* PEDM RIHCR] 8RB Y ehd
Ffh o v 4z[Zucl6]sni Bl 2 » PEDM RIHET) &3 T 4 sadk enliin ™ @ 2
BAREMP £ 9 A LN BH KT 2 Nt FP G o ot FHT 2 G > A5 5 CCF
FET 5 82 R4S [Zucl 6]ehdk B2 2 e T3t 0 (e B CCF § 37 ¢h 5 4o 2% e
TSGR AR R X R { £ eh% B AR % i
TV [Zucl6] L F 25 ¥ { A& LehficT 5% o

PTG A 4R [Zucl 6] 1F G R f b B
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173 2 4p 0 entd o] 3 2 ¢ [Zucl6]snid plan s Fig v T A AL G i
Brid BB | RE BB chd F e FIP T UL IRE R iR A o
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