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Project Summary

Title of Project Development of measuring system for lymphedema
Key Words Lymphedema; Lymphatic dysfunction; Kinect
Project Leader Seung Hyun Chung

Associated Company

In previous project, 3D volume measuring system for lymphedema was developed by using
multiple depth sensors, Microsoft Kinects. Simple pretest showed that the measurement
quality was as good as CT measurement results. However, to prove the possibility of
commercialization, some limitations should be overcome. The limitations were as follows. At
first, it does not have any clinical trial result with patients. Secondly, the developed system
have not been tested quantitatively for error range, reliability, safety, and so on. So, the aim
of this project is to establish the evidential materials such as clinical trial results and

quantitative test results.




o
i

o

a0

BUEY Ase A

o
o
O’
S
Ne)
o+ m
o} 3
Mo T
bl %o
T in N
o !
oo 4 =
oF o (i ~
= o A T w
B < o N
olo '~ N i bl
= ok i 75 Y
w o a- M
® =T o (N . H
E o = o I
N o o o X
Bt e Coly Rl Mo
W OTO o No ™o
9 O ) S)
e
~
N
~o
28 X0
Hr N
Mo
i
H)
TH
M
i o
" GES)

g ee ICP (Iterative closest points) 7]

IS

7b e vt

e

0

K
o
-

o}
<0

on

R

¢

—

N

ojp
EO
=<
B
of
ﬁo
!

Nr
]

g3kl A9

g SRk ARA

=
—

)

o
ﬁo
)

o
ve]

N
o

]_

S

] w4 3

:%'—O

ANA viAE A

-
Ria

=
=

bl

°

Apol = <]l
AA R 2=}

2~
T

<
B

Jo
—_—

ToR
rvze)

X

wa
a
G
09

fl= 3

o
El

bol vh77} 2

S

K

<0

o]

o



1 B Eokoll A

3741

A=

e 9
ZF(ulna)¥} & F(radius)d =49

g

s

- Sj}% 2 d

.
o

2= (Humerus) ¢

}?:]'

=]
&

=

i}

on

R

+
o

oo

ofp
!

™
|

rty

ﬂw_wo

—_
o

®
N

el

oo

ol

o

oj
;ATV
XO
e

o

"o

ifo
)

|

o

on
R

¢+

B

N2

~
Njo

-y
il

|50z 7

S

i+

sto] BUHE 5

2 A7

=R=]]
=4

s 33 =

Aol wa

o F

Zo ANk 4wE 4

oﬁ
o

¢

oV

ol

B

bl ghxol

5

SENSEX:]

zel

X
Nr

it

3

L@ Aslele] Aol W

7 ZREZ

3

i

==
T

]

¥ @ s}el] 7]tk

H
T

%ol

ToR

wr
i

—

o]

¢

ol

el

—_
o

‘.mﬂo

2|

BoapaAe BHe Ay A7AREA ARG AA A A5 ¢

ol

bl
e
Mo

Bl
TR

B
)

<
Mo

H
™

7

Nr

N E 7

S§ATTHAY ATER YL OF

7

Eu

- A 7

18] IRB %13)

5] Apele] A%

o] &3 =9

=
=

=7
o)
.

g AAREs
FAY Ag

9

/g-

g

_EH

Mo

ol
A

F71 ol

5

SHAl o =

3}
s}

THr
M

el

4+
B
)
o

ofpy

N

"

_—io

o
,mﬂ
-

el

N

719 (Ex 100ce, =+ 10%)E AAtE 5

q

X

o



f
X

i (ex. 3% oY &

=
RN

- o

Ao

3 Afolel BAE EAHo=

3}

=
()
- Mol

=]
5

o

- g
=

il

sl
o
frond

A

&

8l

=
=

|

)

.Z__v

a7 g 2 23

2.

)

| Atelel

]:lv‘
Y

bo] wge) A Aels

&3]

]
A

ol

&

X Hl o
— 1 =2

g 27 A

S

bl 4

9|

ATFAGA A A A

EE AR,

HENEE

el 7t

2~ €l
=g

=4 A

A EE tetomA 33 P RE

Hi

o7
o
o
0

Jo

p—

7

—

o]

o
B
R

o]
A

—_—
o

el
oF
ﬁo

o

oo

"

- A AR 2ol

0
o

"

sl

Nr

A
=y
-
W

0

LA

ojo
N
b}
o =
ﬂ%
T
W P
ROR
Nror

£ °l

| 2 v] g

O

X

N
)
il

o)
B
50

i

<
e

——{mro

12)

)
atas
sy

%o
;ﬁ I

N

™

Np

7171

3

i

™

el

T

H
0

Nr




s

jand

B/

X
oF
Tk
<0

2ol

X
Nr

N

o]
=4

Fabe 2 10cm A 7HA)

© = 75cm, 9

=13
L

<0

_Z__v

w
j

s

3 =

F.5cm

-ll—lr;“'"']

O

N

N

i
W
Nfo

O

X
N

3}
=

= [e)
SAHE

el Aol BEAE Wi 39 A7 AA A

L
R

g A

=
=

el

"
W

¥

BIN
N
oF

0

Nr

2.5cm (P1), 5cm (P2), 7.5cm (P3), 71 A A

-
fu

Alagh 714 E =
25cm (P-1), 5cm (P-2), 7.5cm (P-3), 10cm (P-4)olA z+ zZ+ &

ToR

0
_ZTI
i

.

5

(PO),

Ny

]
,mﬂ
7

)
Mﬂ
7

i

O

X
Nr

bol 7} RglolA 35 242 A

S

dE = 7HE AHelA e Hols U B

S

o2 714

45 z2t= ¢

get 22 =

L=
=

&

)
2ol

X
;A__!

el

w

N

o7
K ﬂm
TE <

G

9o R 2AAA ALE T

s

dng %

=
Eil

o

N

o™ Imm w91 A

Al #A3

A= dEe o

9]

= T 7t

0

il

bej e AR RO

2]
dE

_ZT!

=

oy

™R



E

=
=

o}, 3 2w

—_

;on

4
i

el

74 Aol Warh gles Al 7HA 4 el o

- 24 AAsh #A

=
=]

w}

o
=

S RIS

L
R

e

2= 4% 9

—_—

X
.mﬂ
il

=

il
X
o
B
™

K
o

Ho

- HER A AFom

13

3}
=

s o of

2] A3

=

2 = 9=

o

X

Hr

#

of thai A

3}
=

3 oe

_r
A

o

o

el

X
B

&

w
il

o

(o)

—_—

s

ﬂw_wo

N

_@_

viel

X
_ZTI

g A zd

N

ot

g} 3249l =

w

=

T

=

olo

o

el

]

TR

=)

< TR

e )

oW 8¢

= o

=y el

- N

_ 3

,Ul ,Nﬁ

0 o=

b

T e

= mr

o] 14
)

”O °

Nr X
o

z ¥

< ~

< "
oF

ﬂo

9
p|

zm =

jul

N %

(u

L

W

~ ™ N

o BOoF

Rl
= o
R
)
K o8
W
.
0
L.ro _'A
o ‘Mﬂ
T =
T
= K
m ol
N
)
=
%0 N
iy
g B
T M
w B
T
oy ®
T Ok
z_u E#E
CalE
o+ T
o o
= "
{]
< N
S
Nr
x X
)] JE
,mﬂ X
W B
ﬂﬁ.Al jm
o M

E

el
4
oj
il

1

oF

!

rvie)

X
B

ﬂn_wo

N

<
B

,mo

R

0

X

A
7

B
W



- EAE o8 B BUE Z4T W £5/F WSS FESE 2 o9 WAA A4 A

3. A4

7h 1A AP AT

- A8 FA A =ES o]gste AW, HZuEY, J|ME HAbWe og R3] FHS vl
- ofg) Al B F gle AHE EAY < AZAEHY < JYE fAAYe &4 Ry 5H
gtol AA YeRd
- odRT a9 F2uEHe S Aol wEgde] & AloEi g
- HzZrE 4 497F 30emBE Tt AA AAHE EAT AN S
chel: mm?
3 @zt 2 Perometer Kinect
LWH 1,275,948 1,324,000 1,356,678
A= SJH 1,243,403 1,318,667 1,386,869
LJS 1,400,884 1,479,000 1,518,270
LWH 1,303,781 1,478,667 1,458,970
e SJH 1,293,519 1,371,333 1,381,667
LJ]S 1,448,241 1,447,667 1,540,540

A1 AR AR AT

=k = =k

HE 2EE
1500000 1500000

1000000 BT 1000000 — m=x
W Perometer M Perometer
500000 B Kinect 500000 — B Kinect
0 0
LWH SIH us LWH SIH LS

a9 5 A 1A AR A" A



g 24 A1d Al

oj&ste] wxW, AW, H=vEY, 7IYE HAPH <]

Eis

ZE AApgel A 334 wkE ZAE A S
4 B e Ao r YYE 4Gkl a2 AR T AA 2 HEde] LAY
9 mL
T 54
SJH LHM YSM
12} 22k 32t 12 22F 32k 12+ 22F 32k
EF | 1330 1390 1380 2025 2010 2020 1520 1475 1535
i 1330 1400 1370 1925 1950 1905 1515 1480 1495
=4 =4
SJH LHM YSM
12} 27+ 34 12 27 32 12 22 34
BT | 1442 1438 1443 2114 2133 2080 1511 1499 1499
A 1395 1373 1398 2030 2037 1995 1494 1476 1497
H=vy =4
SJH LHM YSM
12 22+ 32 12 27 32+ 12 22 34
LEZ 1453 1508 1436 2107 2101 2062 1504 1518 1504
A 1456 1440 1423 1972 2031 2008 1534 1535 1524
719E 54
SJH LHM YSM2
12 22+ 34 12 27 32 12 22 34
eEd | 1727 1325 1148 2110 2442 1909 1424 1477 1489
QA 1409 1316 1347 2025 2684 2046 1516 1387 1552
A 27 AP A A
2EE a4z

2500

SIH

LHM

¥5M

" 4E 2y
" 5% 2%
" g=0jg 5%

CEEEE

2500

2000

1500

1000

500

5IH

a9 6 Al 22k AP A" A

LHM

Y5M

(EES
" 3% 5%
" H=0E 53

B7|4E 53



o 3% Ald Al

FAE ZA N2RS o] §m FEY AAE A9E L.
79 E 74§ 53] whEow Folau AP FA o]l Fgh HelHE AL 33] Ho]
Bu st e
27} AA Agol Hale] WEAo] AA HojW Aow wol WAAe] AU o F Fo] of
A NG Bee ¢ 5 U
4 d9Es Feor AAsorstr] WEel w4 A= SA o] WsHA B,
SAgsl ey 2% JuE 246g 2 2ug gehled ot sdel Zog Yz
SAsHE AOIA et A8 5 gl BA9,
9l mL
=4 =4
JIM KHR YSM
12+ 2} 32} 12+ 27 34} 12+ 27 3}
e 1469 1466 1474 1883 1887 1853 1474 1501 1504
A= 1414 1427 1410 1722 1731 1729 1458 1465 1463
Az =4
JIM KHR YSM
14 27} 3%} 12k 22k 3aF 12k 22F 3%}
R 1447 1454 1452 1805 1834 1842 1505 1518 1506
Saky 1412 1387 1424 1690 1696 1702 1489 1490 1480
N9E =4
JIM KHR YSM
14 22k 32t 14 24} 34} 14} 22F 3%}
ey 1398 1388 1390 1750 1709 1693 1439 1437 1470
A= 1260 1276 1272 1596 1638 | 1616 1434 1409 1431
A 33 A AW A
eew ag
2000
1800
1600
1400
1200 ErEEH [
1000 BEREY BEREY
800 FE=0/H 57 sH=Z0H 53
600 BFYE =3 mFUE =F
400

SIH

LHM

¥5M

SIH

a9 7 A 3R AR A A

LHM

YSM



2500.0

2000.0

(o]
wn
g
=]

Kinect Volume

1000.0

500.0

0.0

2500.0

2000.0

=
[%3]
8
o

Kinect Yolume

1000.0

500.0

0.0

0.0

0.0

Kinect-Perometer @ =2 HL 1]

500.0

1000.0 1500.0

Perometer Volume

Kinect-Perometer 212 5 10|

500.0

1000.0 1500.0

Perometer Volume

R® = 0.8253 ..

2000.0

2500.0

R* = 0.8345 .-

2000.0

2500.0



W EE AFelAd 71271 19

E 23 A5} 47

el

)

B

wp

- M E-H =YY, 7]

¢+
o
el
op
—

g5

==z
b

19

7

7o 2 ol dHolHr/ B AS HY

Kinect-Tape 2 24

2500.0

0.7738 ..

R* =

2000.0

1500.0
1000.0

awnjop P12ury

500.0

0.0

500.0 1000.0 1500.0 2000.0 2500.0

0.0

Tape Volume

Kinect-Tape 2l 21

2500.0

R® = 0.7804 ..

2000.0

1500.0
1000.0

IWnjos P2y

500.0

0.0

500.0 1000.0 1500.0 2000.0 2500.0

0.0

Tape Volume



4

5

171 9

o

L‘ﬂ @(Zﬂoixﬁ]).o_

p

.

vl el stets 27138
=

2=l

1
=
=

A A

o] FJIEA EA 7

L
-

L

R

9

‘CH

=

=

°]

A8 7]
AHg-3t.

KN
=

o do W
o =
® % T o il
= =
ol w El 5 o
T oo o ol o -
s ~0 0 %0 —_—
BT 4 B Moo e~
HQ%%E@ + ® = wnd%7 © o
J o ™ 0. _— S m ) — 0
qt5at ;338 $EIE T -
—_ —_ 1o — ' B K
o T e BT - <z
T e o o Ty & iy do = m 7 X _ 3 o
o ® -~ X ® 0 S H
2 X EH gl L < ofy W e =
oy °F w ) - 1] o= m MM o 1
- = o = o U op T ‘W _ B T =
1= o T ) %o O Lf ) T B _L ﬂ_l —
KH A ) Nd : ™~ 3 - T (Y s o N ol
= 5 o= I+ ojn 5 ~ . R < o — =
e L& T o E . QAN pe X R
g 2T MR IC 5o e T < ° T w P = &
9 3 ~ 0 o E = o o B o N =
BoE o A : Y - 4 F
m S = o (% oy Hl W | L= i ] on > or
W: i ﬂe =) &Ko iy ~ <0 ~ Lf 7 T —_ &Ko
%_47%; = AT#_zg ﬂﬂkg ® e N
) ° — = 0 OME ol TH 1| ﬂ.HAH S o 17_.~| o E..# dﬂ
o — s © N i Zo 1y N ot
U S X X 0 N BT X g = . A N -
v s o O = T @ g ol M DN
zMMWﬂ_ém m.%ﬂ_ E ey 2 ﬂyo_u_f.i
= o g =N ool LMM_ s " T w ‘Mﬁ =y T oy Mm - on  pl
%%MHTQHT7 w5 P F =8 T Lm_»ﬂmMu‘
w o IO T o MW o B N B °
- =~ & %0 K = wﬂ of W™ ™ om T b o X o wm X G+
y = H oo 8 lmuﬂﬂum”wglﬁomw @%%111,
BRoE % o mp T e e o o @ N
o X 5 5 T = | op BT K WM oh g - oy m W KT
o = Ao o] o o o = M . o oW P
2ooBe N < O B il o B° "N T 0o B = v R T
B o M W o TR ol o = B BT
iy o) . % X T A ~ @ WW Murﬁ ! = o do o 0 /F\ o 0 ou
T iR T ¥ Ew el KR A T
w ¥ <+ T T ) &d = o T oo o b
hi . o No = »A‘_ B = 1_,_.A ol T o B nl — N
o] B W o= i BN = O DR g X o @ T e E T = B
B B L = M g B E oy P 8 T X o °
o o ™ F U W w X — = T Tl Al
T T e T W T . B 5N E w P dr c)
_ =y L o A M= ~r gl 1 A & ™ el e )
X 5 ST R | o Y% = 4 g.ﬂ.#%l%
o] HT —_ T ;O_l iT = —_ —_ ~ ,Q o~ 9 ™ N 5 o
en 3 A = T o o o T o L= -
o op o W © 5 oI B R W W w oK o o Eog
@ﬂﬂﬁ@mm @ﬂ@ﬂgaﬂaé g@zﬂﬂﬂgw ;
T o 5 R N = 2o & ou o] 4 53 o zo
5 T = W PR <o N 5 oo T ¥ AR o
-~ ~ T BN au. B " m ool O 9 LO| i v P
_, T AR oo
| Al T o = jul | o
S oy O P BT %
, S lxp_
_ S
|



H

==
K3

g 2 ARt

1

Fu

ot

S

3l oF

S

o= ]
=

il
U

E|

[c]

i

lEl’E‘

[}

71 E A Al

1

L

- A Az A

il

B|A

—_
o

el

o
T

ﬂumo

o

ol

b

ﬁo

[~

o}
sl

o
ﬁo

-

fE

40}

pzs

PS W xHol 7

o 72 AFX

]

S
R

[e]

Fol 34

9]

ogu.
o
3
&
o
N

o
o
o
o
el
<

Fol 1= @z A

ki3

e

<
T

ojn
X
pn—
o

=0

A

el

s
NE

—

E)

-

ol
5%

ox

¢

o
ok
el
=4
of)

B}
il

fuy

e

23]

[e)
= .

e LS

]

|

RS

R

pu

71 $13A

=9

SR

S

3y

il obell LA W e

O

b1 9

<]

A

A

vl el 71 EE v

el A=

3L

7}

)

g

o}

ako] ApEF o 7]E9

[€)

= Al

o| E

-

L

A -0l A

e
il

2



|

_d
K|
.
=

=y

e
B L' a_
Y - - :
== & @.B
fl &

e
ﬂt =

e
:

e

N'IWI-Ehmqm‘m
= [ WarL | oo | m

&

MLE e

NETE

1. 2P 297 GDa HINECT CAHERS INSTRAMENT |

2, ENQT RNME LGN I, dEE fL

d. AL TP T Melea HI1 FRARE PART

4 WITSE AL WA - el Red]
T T 13 T i A B,

|
o
O%
>
[
juit}
flo
=
=
Lo
N
i)
lut
fru
Jr
o
i
of
it
o)
o
of
o2
o
it

]
o
il

= w5714 S AREE S
- 3714 e JIEREH USBE wd AFHE A2 AAdd Hde 54 £ 35FH
H

of dgEo] v JAS HERFT 4 2XZEoldA 87T vl 7 AL

oo 2
ol
-
rr
o=
1>



= 1

Main Program Kinnect Library Kinnect Device
GetData( ) .| depth data
Il depth data
GetData( ) e
- r depth data
depth data
GetData( ) 5 E
< : depth data
ERE T "
GetData( ) \
i O A} L SHHEAN <
A R =R depth data

Main Program Kinnect Library Kinnect Device
OHE 45 83 y
i depth data depth data
i depth data depth data
I depth data depth data
i depth data depth data
a9 17 A ol Bl olE Hel +A






W

wK

~L
)

™

AT

(1) 71&

s

fvzel

AJr

Ny

L

A Aol M 7HE wol ARgE L

pzel

"

o7

N2
0

_Zrl

<
o

N2
uie)

_Zrl

H
!
A

o

vzl

;el

on
O

A
Gl

el

@ Aol

HAGE Bl 309 ¥

o)
=

el

N
o}

O

X
.Zfl

N

ay )
o w
— o]
0 ‘Nlr‘_
K -
) B
o =
zo oF O
‘Eﬁ e
BiEG
i i
£} g
O
<=
2=
o ®O
o owr
o B -
< o
Njo o
B
= o= N
. mw
u
mom
ol o] N
Mo gm X
o o I
ALy
L -
o o W
TN
2T e
T Mo
o o
CRRCIGY
~ W OE
o o T
MR OK
T OF
R
v U
=y

olp

476cm 7+

=
=3
o)
AR

o] Ao

=
Ae] ol gt}

oﬁ

A 7k

1
fu

ol A o AN E

o

=

e AL 5

e

2o

40w ARt 2

A %

)
oo

!

- ok Tl AA 2



o X
o To
~ ur
o -
B o
B
o dn
_ ~ o]
T N
o 0
=0 R e
el @ b
ﬂmﬂk
Mo 2
o ~
N
JJo N
—_
BoR
R
N = ak
T
= 3
T
ﬂmm%
X
T oo
=~ N
;OL
ﬂrﬁ Cnﬂ ,m%
iy
® o
| 7
T
3 o]
K
Ro )
oMo
e
r r
4 T

DL

[aN]
g
&)

0

~

L0

<t

¥r

)

of

o

i

en

=

a9 21 AA

H
<
o

0
7o

X
.Zrl

getar = Aol

=2 =
=

Aol A o] =

HA .

b= T A 2 S

R A S

15

9%

o
e
2!
i)

TR

RGP

- 5

o

BK

-
mr

%

ol

H
vl
a

o

veel

X
_Zrl

ol
A
3

N

o
00

N

o
0

ol

i

al7}
)

=

10] ofyet o] Hiel

oﬁ

=g

w

o

"
o))
TR
pr

;OL
=

il
=)
)
o
B
-

X

ol

el

X
Nr

j

N



- & M Aole EAE Fe] B S
- AR Fo] Z+E7) Y
- ool W& AE ot 1Y
- mg EA SAYPAAAH
dol dem(iy 2) & B

A ZAE = Aol 9

2 23 AA Z 9y Hol(9%): 4239 cm2, BP0 R ARG T Hol(2E8%): 49.01 cm2
o 15.6%2 WA S7F EA

- 24 AN EnY SAE g 2o ¥uE B Euel do|E ol gt 2AlaE gl
oluel A4 2 mW A4S 3o TAL
349 AAE TANE 1 mm3 2719 BAL AE dEe Foel dAe RuE 4steA A

Ahal.

|2 Image! 3D Viewsr =N

File Edit Select Transformation View Help




Z]
2]

el g

ol A Azko] 273% 285 o] w ¥

L
.

Aok

]

A4 A)

=
-

fol M= tf

a7l

b7

ol

gl 7hAd

3L

0

B
|

s

1. 714

ddol Ui ¥4 7AA = E e} A

A Az =

=)

- &

—

A4l

fsig
=

23de AA

A7) 33k HERF

&
il

o] %) 44 W

—

Nfo

~

ol
TH

<

A

ox

¢

=

23 A

b1 f1g =

z‘sg-g;

=
e

A2

k!
CERE!

4. &

o]
C

A

3) ﬂ

B2) X]%]i']»

R

Year;
Vol(No):Page

(LF.)

\.mO

A &}
(A A1)

‘.mo
mh
H

2!
Gl

=1
RN

g =) 2 ) e e



C

A

4

1410560

SERIE

=9

=2

5}
3}

ol

(%)

1

el

gyl

A

AR [AE

Asian Conference on
Computer Aided Surgery
(ACCAS 2014)

A A

W.H.Lee,

W.B.Yoon,
S.H.Chung,

K.G.Kim

‘.mo
st
A

olo
o

o

71| 90% | 90%

[e)

sfel w4

N
AR I

Al

3 wstel 7]

T

=]

D gz vt
@ PEzo

H|
v

il

7F

e

2 7

3]

=4

Felo] Abe A

S

WIAE A= A S

=
5

dlolel 4]

\

<0

—

o

7}

(]

]

L

k]
Rl

b 2}

Volume Measurement for Limb Edema
Using Depth Images

;O.ﬁ
col
o
N
jﬁﬂ
- |
N
Y
o oF
o) |Re o
o R -
N |B N~
4o
Jﬁmo
o)
<0
‘m.o
T
T
o
o [%
B
ur [T
<0
go
o
~H
o
0
o
- 3
H wir
‘mo
- 2

2h 71 et g o

()]
g
;O.ﬁ ﬂ
pol
| g
AJo Q
O
Z,
g ~
g ™
S|~
2 =
() i
Z | Ao
ﬁo
—_
N
ﬂw_u.o
W= ==
0N
’ < W
.
= (X ﬂ
= 1y
=) 4
°© _,io [n7e)
a-
W: Zﬁ
WAk
o
0
(qp]
T
o
=
Plox
el
,,.Aro
oH

o ZRES

]

P
fe

23]

o
o

KR

i~
o)

ﬁo

17} |3

)
'LO

o




== 2 bl S H]| a
Stz =i AA 1 Lymphatic Research and Biology, 1.660
=, 32h9] Zlo] G 239 A G AR
YA 5 1 e el g s an e
o H o H B
7] E}

- J1%H9 W AT dukn melAw, W@4 H4 ZREF Ade] F/iE BLH
9.

=
- BF 19 okl DAV AAS Fa A4 Bl A F7H APARL FASD, 2d
of e 71ES ol AFE B W gus)Y] AFS We F AT = o] BEY

6. F1EH

[1] J. McWayne and S. P. Heiney, "Psychologic and social sequelae of secondary lymphedema:
a review,” Cancer, vol. 104, pp. 457-66, Aug 1 2005.

[2] R. L. Ahmed, A. Prizment, D. Lazovich, K. H. Schmitz, and A. R. Folsom, "Lymphedema
and quality of life in breast cancer survivors: the Iowa Women’'s Health Study,” J Clin Oncol,
vol. 26, pp. 5689-96, Dec 10 2008.

[3] Kuehn T, Klauss W, Darsow M, Regele S, Flock F, Maiterth C, Dahlbender R, Wendt I,
Kreienberg R, “Long-term morbidity following axillary dissection in breast cancer
patients——clinical assessment, significance for life quality and the impact of demographic,
oncologic and therapeutic factors.”, Breast Cancer Res Treat, 64(3):275-86, Dec 2000.

[4] Passik S, Newman M, Brennan M, Holland ], “Psychiatric consultation for women
undergoing rehabilitation for upper—extremity lymphedema following breast cancer treatment.”,
J Pain Symptom Manage, 8(4):226-33, May 1993.

[6] Tasmuth T, von Smitten K, Hietanen P, Kataja M, Kalso E, “Pain and other symptoms
after different treatment modalities of breast cancer.“, Ann Oncol, 6(5):453-9, May 1995.

[6] Voogd AC, Ververs JM, Vingerhoets AJ, Roumen RM, Coebergh JW, Crommelin MA,
“Lymphoedema and reduced shoulder function as indicators of quality of life after axillary

lymph node dissection for invasive breast cancer.”, Br J Surg, 90(1):76-81, Jan 2003
[7] Ward LC, Czerniec S, Kilbreath SL, “Quantitative bioimpedance spectroscopy for the



assessment of lymphoedema.”, Breast Cancer Res Treat, 117(3):541-7, Oct 20009.

[8] o143, A, AA7], A37], “Zo] F&S ol &3 A T Fu 547 2013 F=2H
vtjo g3 FA st 3], 2013.

(9] LW F%, “Kinect7t 32Hd AR E FF3t= &7, 93 dA7]<, pp. 31-42, 2013.2

[10] olaivt and FA=F, "o 7Y

A HEH-F 2=k BR) HEH| Yo 83 =4, vol. 16, pp. 147-159, 2 2013.

[11] AQdA, "de&, o5, 437, VIHMEES &3 on 4 B Lz Eoldre A-&2
Ay o]~ A" 3xpAE G e 3] =4, A3H, 1%, pp. 18-23, 2012.

[12] W. Lee, K. G. Kim, S. H. Chung, "Volume measurement of limb edema using three
dimensional registration method of depth images based on plane detection,” Journal of Korea
Multimedia Society, vol.17, no.7, 2014

[13] Helena M. Mentis, Kenton O'Hara, Abigail Sellen, and Rikin Trivedi, “Interaction
Proxemics and Image Use in Neurosurgery’, ACM Conference on Computer-Human
Interaction, 2012

[14] Holmes H, Wood J, Jenkins S, Winship P, Lunt D, Bostock S, Hill K. “Xbox KinectTM
represents high intensity exercise for adults with cystic fibrosis“. J Cyst Fibros. 2013
Dec;12(6):604-8.

[15] Rose Johnson, Kenton O'Hara, Abigail Sellen, Claire Cousins, and Antonio Criminisi,
“Exploring the Potential for Touchless Interaction in Image Guided Interventional Radiology, in
ACM Conference on Computer-Human Interaction (CHI)”. Honourable Mention Award, ACM
Conference on Computer—-Human Interaction, 7 May 2011

[16] J.H. Bednarczyk, C. Hershler, and D.G. Cooper, “Development and clinical evaluation of a
computerized limb volume measurement system (CLEMS),”Arch Phys Med Rehabil., Vol. 73, No.1,
pp. 60-63, 1992.

[17] A.W. Stanton, J.W. Northfield, B. Holroyd, P.S. Mortimer, and J.R. Levick, “Validation of an
optoelectronic limb volumeter (Perometer),” Lymphology, Vol. 30, No.2, pp. 77-97, 1997.

[18] B.H. Cornish, M. Chapman, C. Hirst, B. Mirolo, L.H. Bunce, L.C. Ward, and B.]. Thomas, “Early
diagnosis of lymphedema using multiple frequency bioimpedance,” Lymphology, Vol. 34, No. 1, pp.
2-11, 2001

[19] J. Nuutinen, R. Ikaheimo, and T. Lahtinen, “Validation of a new dielectric device to assess
changes of tissue water in skin and subcutaneous fat,” Physiol Meas, Vol. 25, No. 2, pp. 447-454,
2004

[20] R.S. Breiman, J.W. Beck, M.Korobkin, R. Glenny, O.E. Akwari, D.K. Heaston, A.V. Moore, and
P.C. Ram, “Volume determinations using computed tomography,” AJR Am J Roentgenol, Vol. 138,
No. 2, pp. 329-333, 1982.

[21] D.E. Brenner, N.O. Whitley, T.L. Houk, J. Aisner, P. Wiernik, and J. Whitley, “Volume
determinations in computed tomography,” JAMA, Vol. 247, No. 9, pp. 1299-1302, 1982.

[22] D. Dube, A. Zell, “Real-time Plane extraction from depth images with the Randomized Hough



Transform,” in IEEE International Conference on Computer Vision Workshops (ICCV Workshops),
2011

[23] F. Tarsha-Kurdi, T. Landes, and P. Grussenmeyer, “Hough-Transform and Extended
RANSAC Algorithms for Automatic Detection of 3D Building Roof Planes from Lidar Data,” in the
ISPRS Workshop on Laser Scanning 2007 and SilviLaser 2007, Espoo, Finlande, 2007

[24] S.J. Bai and K. Y. Lee, "Risk factors and safety measures in the operation room,” J Korean
Med Assoc, vol. 54, pp. 730-736, 2011

[25] OPENNI/NITE : http://openni.org

[26] S. Iyer, "Using Kinect Sensor and OpenNI to teach human computer interaction and natural
user interfaces,” 2012

[27] DCMTK : http://www.demtk.org

[28] A. Vasquez, et al., "Evaluation of open source DICOM frameworks,” 2007

[29] L. Gallo, et al., "Controller-free exploration of medical image data: Experiencing the Kinect,”

2011, pp. 1-6

[30] G. Ruppert, et al., "Touchless gesture user interface for 3D visualization using the Kinect
platform and open-source frameworks,” in Innovative Developments in Virsual and Physical
Prototyping: CRC Press, 2011, pp. 215-219

[31] %%, A8Y, “ndd Axde] 0F gul ATAS S HHA Ao) A28 FRAFEAR LS
=4, vol. 15, pp. 163-170, 2010

[32] K. Ibukuro, et al., "Helical CT angiography with multiplanar reformation: techniques and clinical
applications,” Radiographics, vol. 15, pp. 671-682, 1995

[33] J. W. Hwang and H. S. Lee, "Adaptive image interpolation based on local gradient features,”
Signal Processing Letters, IEEE, vol. 11, pp. 359-362, 2004

[34] Juchang Kim, et al., "Point Accelerating Algorithm for Hand Gesture Interaction within the
Restricted moving range,” Proceeding of the 42th the KIEE Summer Annual Conference,
Yongyyung, Korea, pp. 1932-1933, 2011



7. ARAF

(D) = A =3

lournal of Korea Multimedia Society Vol 17, No 7. July 2014(pp. 818-B28)
witp:fde dol.org/ 10,8717 kmms 2014 17 .7.818

Zo] Qatel HFd HE 7t 33 AR JHE

o183 AA ¥Fe| B3 23 A&

=a ¥+t

olgsl’, Zwy", Hadl

Volume measurement of limb edema using three dimensional
registration method of depth images based on plane detection

Wonhee Lee’, Kwang Gi K:'m", Seung Hyun l3h|.ir‘|~gm

ABSTRACT

After emerging of Microsoft Kinect, the inierest in three-dimensicnal (200 depth image was
significantly increased, Depth image data of an object can be converted to 30 coordinates by simple
arithmetic calculation and then can be reconstructed a= a 3D model on computer, However, because the
surface coordinates can be acquired cnly from the front areq facing Kinect, total solid which has a closed
surface cannct be reconstructed. In this paper, 30 registration method for multiple Kinects was suggested,
in which =urface information from each Kinect was simultaneonsly collected and registered in real time
Lo build 3D total solid, To unify relative coordinate system used by each Kinect, 30 perspective transform
was adopted. Also, to detect control points which are necessary to generate transformation matrix, 31
randomized Hough transform was used. Once transform matrices were generated, real time 30
reconstruction of various ohiects was possible, To verify the usefulness of suggested method, human
arms were 3D reconstructed and the volumes of them were meazured by using four Kinectz, Thiz volume
measuring svstem was developed to monitor the level of lvmphedema of patient= after cancer treatment
and the measurement difference with medical CT was lower than 5%, expected CT reconstruction error.

Key words: Depth Image, Hough Transform, 30 Image Registraton, Volome Measurement
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Volume Measurement for Limb Edema Using Depth Images

W.H.Lee. PLD.", W, B. Yoon. B.S.". 5. H. Chung, M.D., K.G. Kim, Ph.D."”
'Biomedical Engineering Branch, Mational Cancer Center, Govang, Korea
*Rehabilitation Clinic, Center for Clinical Specialty, National Cancer Center, Govang, Korea
wonheed 84t prmail .com, kimkgfe nce.re ke

Abstract: After emerging of Microsolt Kinecl, which & a kind of depth sensor, the inkenest in three-dimensiona | {30 b depth image was
sig

arithmetic caleulation, which are nesded for 310 madel recanstruction. However, because the surface coardinates can be acquined anly

Ficantly increased . Picel positions and values from the depth image o an abject can be converked o 3D coordinate values by simple

fram the fromi area facing Kineet, okl solid cannoi be reconsirucied bui alse volumeincall measured. In this paper, muliple Kinects
registration was suggested, in which surface information from each Kineot was simulianzoushy collectesd and convered to build 310 tonl
solid. To unily rebtive coomlinaie system used by cuch Kinecl, 310 perspee tive trans form was adoplted. Ao, 0 delect contmal poins which
ATe necEssary B generile tnstormation mairix, 30 mndomized Hough ranstorm was used - Onee trans form matrices were generated, ral
timee 30 reconstruchan of varkus objec ts was possible. To verity the usefulness o suggested methad, human a rms wene 30 recons tructed
and the volimes were measured by using four Kinee . This valume medsuring system was devekped to monikr the level of lymphedema

ol the patienk afler cancer reatmenl. The méasurement ermar was lower than 5%, which was zimilar w0 that oFf medical CT.
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Phantom Suggested method (cm?) CT (cm?) Difference (%)

Cylinder 4,065 4,168 2.47
Upper body 9,505 9,910 4.09
Upper limb 884 907 2.54
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