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Abstract

In this paper, we propose the automatic detection method for individual region separation using

panorama image. Finding areas that contain individual teeth is one of the most important tasks in

automating 3D models through individual tooth separation. In the conventional method, the maxillary

and mandibular teeth regions are separated using a straight line or a specific CT slide, and the tooth

regions are separated using a straight line in the vertical direction. In the conventional method, since

the teeth are arranged in a curved shape, there is a problem that each tooth region is incorrectly

detected in order to generate an accurate tooth region. This is a major obstacle to automating the

creation of individual tooth models. In this study, we propose a method to find the correct tooth

curve by using the jawbone curve which is very similar to the tooth curve in order to overcome the

problem of finding the area containing the existing tooth. We have proposed a new method to

accurately set individual tooth regions using the feature that individual teeth are arranged in a

direction similar to the normal direction of the tooth alignment curve. In the proposed method, the

maxillary and mandibular teeth can be more precisely separated than the conventional method, and

the area including the individual teeth can be accurately set. Experiments using real dental CT

images demonstrate the superiority of the proposed method.
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[. Introduction

AT Y JrSo] 9F XF WA FEES
4] Orthodontic Computer Aided Designo] Z4
Q.31 9lth o]E CAD A|2HIES st=sofe} A5FE 19~
7% Bd g 72 =xdow AP A A
o= & = A HArk EF o]F Al
3 AHE A3 5 3)\‘\: A7 o] ukEA
23 GALE AHEA TE T UE E‘v_‘i ofufzl g A5 A
38 A= AL A5E 1112

it o AFejrh= 1A 74]@% ? 7] S14) @A)
Aoke 2fdsta HA Y ks waz CAD A3} 4 A
2Bl A Zol2 AFelA| BEldts AL S} R E

2L o §3te] Hob A Belshs BAS Bal AP Hop
o 9207k 3k AYHA ABAbe WA AHS A5
7) 9% ABAolAS B A%t 0 AS 9T F Aok,
et olelsk Ao} AE el Ae ol Alzto] 08 A
2 BAlo] ek, Ea, Aol Aow tehin &S A
o1 /1954 e Bl o glons Bow sep

Bgs 7o g 2Asta Sl Agw gok

F o= 2138 CT(Computed Tomography) 2] 243} §H7
zoke] 3D G/ 7HAIsket A3 WAARE 918 B AEE A3
& CTAA &g 7 U =Tk X3-& CTE o datd o=
Sy Aot opet X|2e] meub] &2 Xofe] AR E &

* First Author: Chan-woo Lee, Corresponding Author:

Ok-sam Chae

*Chan-woo Lee (cwlee@rhinhospital.com), Dept. of Computer Science and Engineering, Kyunghee University
**Ok-sam Chae (oschae@khu.ac.kr), Dept. of Computer Science and Engineering, Kyunghee University
* Received: 2018. 03. 09, Revised: 2018. 04. 06, Accepted: 2018. 04. 13.



58 Journal of The Korea Society of Computer and Information

S 9lomg CT 94
o 3D EHEE ATom W= T
[4][5][9]1[10]. o]e} 22 A5 Ao} 2= ]
Fos mlE] &ar vk 7P B gl ¢
o= /i Ao} dos Aate] s X|o
o} AFsshE Xof AE ] el Al Al
AL |- Fad 2 T shjol)
Zope} 2| 2z o] FANAQ1 x| 9 whake]
o AR Ao} A HE JoS T
AFSH31[4]1(5]. whebd B ol

d= 0187

o o
=
ST
>

=

ox E
X

ﬁo.m
Ho o
S|
O
21_5

o
=
A‘ZLNE
N
L3 %
2+ 2
o of I
ox 12
r
=T S R

A

Ho e
o

N

L,
Ho?:oi
tlo

oy
ok
)

LT
N
— F
lo
o
i

1=
b
o %

do
ot
N
(o3
o
o,
3
O
_>|i

2 0o
_O‘L
>
=
)
=
=
iics
o
d
i

ol :
=
o
N
£ °
_1
=
>j
Py
R_ﬂ
rr
fl
Y
o
>

(e —Ly
)
Gl
2
o
rr
ox
oy
e
o

ok
L ¢
o

X,

EE B So0) 2B A}%@}oq 4 o Ao}

e
s oy

Mo o
ol
o

2

4
M
-0,

2

o

-

oo
ol

ol

2

Y
(o3

o

]

; u}. Aze A
Moz 9 Aok

N
=
frt
2 o
ol
et
o
)
rT;
rO(

~
)
Q
df e
2
o
ox,
_O‘L
=
;9‘

o]

3

L
H O
=

2|
>
S
z
2

b

)

[}

1o
° o
é”.:
E
f:
]
-
M

ol

ry
o

e ol g3l
AP E )
ohoh el

{0 _1_m|_4

H

r_Lt

o
o £ f=
19 KUy
tlo g

r <
o
0%,
o
L
rO
_O‘L
=
%0,
ey

ruE 4
)
o
- O
of o
o
i

M
A
ol

qeratitt. A
o} Soft Tissue$} Hard
3to} Fittingshal, ¢ 2Joke}
o]-& 0}04 ]0} e =4

%

DSL‘
ol
rir

o2
18
o
e

=
1))
1))
o
('D
]
r_{
o
ol
o,
1T
=
I
2
o
N

O}EH Aolg 23
< Fittings}az ©
Intens1ty ol AL Jog 3o
Al 47l A= 3elA Akt S HER
Atk EjaL 5l AEow A
= Ak T Ao =2 AWE Ao
v WS AA CT oWAI &M Y53t

< o R
o
o
M
iCh
=
o

<——— Upper Tooth

Tooth Arrangement
Curve

- < Lower Tooth

" \
i 44 A
Lower Tooth
-

Fig. 1. Curved type dental curve

Fig. 2. Side view of teeth. The straight line can not
divide the upper teeth and lower teeth[11]
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Tooth Curve

Jawbone Curve

Fig. 3. Show the similarity between jawbone curve and
tooth array curve (a) Axial image include teeth and
jawbone (b) An example showing that the jawbone has a
narrow and narrow shape and that the curve of the lower
jaw is very similar to the tooth array curve

[Il. The Process of separating individual
tooth region
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plate worn when it took tomography Imaging

% ﬁ}ia}u} AU AR AW FUE ), o A}
b dakel Wl Alesiul

sheh} ool 2

Sat0] AL, SRS Aol e A0S A2 Ao} B
o ARSI A A WA Yo Y Ao} A
FHE AQS O TEA Fusk A B2ge] A1 Do
A& Aesje] Ao} Jele Fer). ojg) R WEe JE 4
A EE 54 Lol olgs

of ujdo] Ao} wljd Falo] WA WA Wo| Bloufx] ¢
& EAS 543 4 9loua y)& whnt Ads s X
o} 99 ¥e|7} 7Fsek o] ik

ot WS Fig.

(Hard tissues)¥} <1 Q(Soft tissue)& v @t 1 H &

3t 2o g RE g FHE 2 Fig. 49 24 Bite- Open
s o]&ste] 9, of# Aot tiEARl i HAAE B
5 bl QS Ak shieebu) el A A2
Gl g M4 o] &sA et npAeo R
H Ao} @ i
o] 71 Z—}t

b=tk

.—E

(

]
]

(

=

o= ]
=
[e=]
=
A

(
— )

o}
o}
:F_

2
rx He
B
Ny ol

et

EEER !

-

Detection of CT Slice Candidate
including Jawbone

¥

Separation of
Hard and Soft Tissue

¥

Curve Fitting of Jawbone

p 2

Finding Slice to Separate the
Upper and Lower Tooth

¥

Tooth Alignment Curve Fitting

¥

Finding Individual Tooth Region

Fig. 5. Process of proposed method for finding
individual teeth area in dental CT Images

1. Detection of CT Slice Candidate including
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Fig. 6. Separation process of Rigid tissue from original image
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Fig. 7. The process to get jawbone curve and fitting

4. Finding Slice to separate the Upper and
Lower Tooth
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Fig. 8. A binarized volume cut out of the x—y region
of the jawbone curve
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Fig. 9. Histogram smoothing to remove the histogram that
accumulated the size of hard tissue and the histogram of
maximum value error
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5. Tooth Alignment Curve Fitting
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Example of panoramic images generated
using Han Bing’s method [12]
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Fig. 12. Panorama of the jawbone curve.Plane
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Fig. 13. Final tooth alignment curve with z—axis
position adjustment and 4-order curve fitting

6. Finding Individual Tooth Region

Aok e A 9], ol Aok ASHA o)t 4 gz R

ohleh F4lel WA Wt vle Mo Ao e 54
7RIE), £ ol Sl Qe Aol vl o] 54 883

7) Sl 4 Ao} vl 339] 7} 3 ik WA ARtEle] A,
9, obd) Aokg FRAE Lehol 2 B W AHEH 3 25T,
A, A% T B8slol Aol 212 2R, Al
upgEo R Agga ge 2719 Sefels 9% AeL A
SRR Ao} WD F40) A5ghe AR QA2 oFAA 9,
okl WAe) 271% Fig. 149} o] AABE

Two Maximum Values

Lower Part Size
of Normal line Upper Part Size

' f> \ f < of Normal line

Mlnlmum Value

Fig. 14. How to determine the normal size of tooth array
curves to find individual tooth areas



62 Journal of The Korea Society of Computer and Information

g2 Ao} A Aol »
weRA 9271 Wl Aol v
I A0 AU 207 zﬂx

AH(c)=argmindt(c,i): —10 <i <10} (D
A71ell A AH(c)E Aok v
FAlo] & WS Jeh)E 3 2
el % T Ak K E AdE A l*&; = A v
3L ¢(e,i)E Aok vl A1) shwglu} o
o sgshs Al BH A% i g 48T
A WS Ve, wak AH(c) o 7H we
ol xF g el 2k wlef A
el ol uld FxelA 20709) 3] Wake
FA UAE T 7P A2 gk vERiTh B AellA
# x|o} Z+7} | AETWME AAET AAE | AETRS
of & ofe} o} o]o] g Fgtstar oU7] wel o]E
Adl| Fofof gtk & Al A= Xopr} ohd GoS A AT
A Aote] 2, 5 WS AAs] 8 dhwht 44

l> JH
r_L4
o,
i)
>
o
ot
o
N
£

O
o
1o

N
B

Loz

ok
T o
o
-
2 o2 4 o

ﬁl‘ix

-
%i

rlo
:oé'

ofl

>

e b
Ho

i)
2
ol
ot

e
0
o°

%

1/4 A7195 Zepial 3 dY9ex= o
8‘5401 023}3 7}246& He e xaEad

Fig. 15. Top, bottom and left and right positions of teeth
and teeth array curve generate normal of each point

A4 AN 3 AEe] G
% 5, 3 Ao} Gelel A ool A Ao} G2 B
golab7) Fig. 163 o] WEolZth. Fig. 169] 8 2E19¢
BE Hoprk PuEE GRolA FAE WA WA FA %
urb AL ghe A Foat G el B teb

QoA 2 9] ol F5aE2 B Hobg TR

|E%o] A 0] A%

ol Ho

Ho
)
RSOl
it
o
ol
ol
:,°15
1o a
o

toly,
:\émlﬂ!jg;d

o offl g
RN

18 o
rlo

>

i,
ol ©
T

it S
o

A, WSS ol g5l FAe HAs) Fof A Aole] 3
& A%l 44 & A Ak

F .9 - A
/\ RAR AN Yy \[Y\l\\

Fig. 16. The histogram result of accumulating the minimum

value within the = 10 ° rotation range from the normal

of each point in tooth array curve, the minimum value

of the position having the extreme value is determined
by the tooth division line.

V. Experiment Result
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