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Prediction of respiratory motion using state space models
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The objective of this studg is to build a reasonable predictive model for
respiratory motion. To accomplish this aim, we combined the probabilistic model and non-linear
dynamics to represent a complex behavior of respiratory motion. First, we measured respiratory
motion using a depth camera. The accuracy of the system was within 1 mm. Then, time series data of
respiratory motion was modeled as a harmonic oscillator with Hamilton"s equation rewritten as a
symplectic form. The entire measuring system was modeled as a state space model with a particle
filter, which filters measured data and predicts the future. The prediction accuracy of our model
was within 20 percent for four seconds ahead. The proposed approach is to predict future respiratory

motion.



B X C—19. F—19—1, Z—19.

1. WFFEBHAR B O 5=

BROERIEEREEZZ 25 D%., 2-3mm D
5 8 C IE e (A B R AL i SR R i % T RE
W L7=T7 7 /) ay—0ERICH 5, Ll
N, HIEDOEEONESLCHRIZ X A8 X
D7 Ui, L EIZIE lem LoULITHIEL . T
SRR B R ICEUS L2 E b & ICEr
B SN2 BEOEREN 2IRFE X, LI ik
B 7R B R E 2 R 2 TR b
ZOREE AR L, BUEOBSBRD ATEE D
LoyLa 1B RICE & BIF A 702, £)
LTCHEREDY T NVZ A LOEE 251
AR PRI, EROBIGICT 4 — KRy s
T BURAT ADRIEIR,

2. WHEOHEM

B DB E D, KR EDOR bz vy
703, BEOMRMEBENCAREI TH 5, B
ZOFELTFHIL, HIETE D LD,
SoebmmrE (B) (boFMICHESES
ZLNTED, AHEOBENT, BE O
REED 4 R T THIET NV E, T — X [E{b%E H
WT¥Ialb—YarBlloT —4 %5
BTHZETTHRREER/NMEL, VT ALH
A LTHRT B AT AEBENBERECH
5, BT, ZORSRYITH O I EE RS
BT, B O FIEEAEDED Z LI
kv, BEORELEHEERMTLT LI
ALERRT D, Fiz, BREFHE & BRI
Z 9 DM TEITESE S0, GPGPU %
LS E S 27 AOBREIT,

3. WDk
1) Bt AT 2NV~ —T—L AT v
X T HAN OREST

~A a7  NEOHEBES AZ (Kinect) @
AR OBHEZ KiEICm EXE CIFREICHE
FHOIRITHERE VT IHA DS TED
2 Rtseic B 2 BREEREOWEFH &
LCHERATAEZD, VTAEA LG AT
LT v NEA T EBFE LENEE LD,

2) KRR DORFR T — 7 > & FEIR 0D 55 4 ]
E AR T ILE

BRI T 7 B 1 B AL B R A B il
1%, EROERELE, KREFHZRLOTIEIH D
N, BRYT—2 L L THREEE & b2 7=
BAIZ, LIZLIER—AFA N RY 7
5 ERET MO R ZE M I Eh &
D LD, BB TR M A
MCTHoT.

Alal, AEREO 1 ROBEZRH LI~ —0—
L A HAG OREREIE 2 & B 2 {E T 5 7
DI, WP O IEIEATH 2 R SAE 0 R L,
FrS&~ 27 bV D3R % 22 TR R H 217 -

CK—19 (Jtm)

7=, ZDOZEMTERROWE L BEDOWKE &
DM OEBEE, F¥EAZHNVTHILZ LIk
O, AR DL, e & DJRIEH I
WOEHNERE A a7 AR FRE LT
LBEZXBIEMWTES.

3) REHOBEHE DML I —T 05 BED
Rz T4 2 Bfr OB %

R — 7 DOFRNE, i< THLWBETH
B. RO R T H 2 TR O Rk 7 A
< (Microsoft Kinect) Z{#-~7-FFFEE 3 &
JERt > AT AW TR ZER 1 O 1 & R
BT, BRIZESbDEAEDT 2T
LENINV bR ERRL, TOET IV
DT ZREZEMET LV CRIL Thi+~7
ANVEERWCT—#ET5Z &L T, HE
OFEOMEROWwREZRRT. £z, Z
NOoDOTHRICHELRBBOERELF LT

1) BBFIEEZANT, 23— E—ACT O
BE % h) E S W5

HC BB R BT R O AR N D i D 28 T <0 il
BOMBEOTNREE, a—r B —2Aa CT
W P TE=Z LEITITERETRETH 5
N, a—rbE—5i CT 1%, —MRAICKEZ T
bV, TOEFE TITBIEORELZ KWL=
TREGHE O NLRBITIIEA TE RV &0 9 |
BENHoT-. 22T, Txld, SWEEMH G
& UCIRIERTE CT, fREE {5 & LT A/N—
Aa—F 4T ERAnWEza—r e —A CT |
1 OB RS T 15 O R A R S BRI R
L, a—rE—LA CT EfgOEE 23 L <
mExEsZ Ll L.

5) HHHHRZIRTCTOU T AH A AR EFR
DT

BECINE ORI 2V TV A ATHEE
THEHD, 77374y Tuaky T
= b (GPU) Zff- 7= EHMICEERE
TN a R RERBRERE AT AL
KL, 1FFY TAX A LCRHRESE AR
O N¥ AT RT AOVERR AT T-.

4. WrIERLE

1) BEEI AT R W~ —H—LV AT v
X T H AN OHENT

RWFGE D FEE T o HHERET A T 2 Wik
FKEOFEHICHOWT, HIROFERE®E S
A Z (Microsoft Kinect) & W TEERMmD
BEzBERIRET IEMRITONT,
Open Journal of Medical Imaging ¥&i#fiiam
ELTEEDT.

2) RE M ORER F1— 7 H> 5 REIR 0> BL 2 4]



FET %t OB %

TR B, TR LI ER O —
TOT—HIT, TOLEDQRF AT #ER
b ThD. ZOFITIE, KAl 120 PRE
D OIRE D ZEFB IR R LT, )
WCHRFEAT TR ER LTS Z & &R
HIEWTZXB.
ZOIFEE, KK, EFIRIENS OBBES
WERHET 2O T, FEANCEFEHZ2FE X
BHNENRLVORHETHS.

03 0.4 0.5

score

0.2

0.1
—_—
—

= _’\J J""\*L
o
0 50 100 150
Time [sec]

B —7 () LRER=aT7 OFR)

AT, 110 BEPYHFARSEE %
B L, International Journal of Medical
Physics, Clinical Engineering and
Radiation Oncology EElZ4E# 7=,

3) RRMEOIEW 7 — 7 05 BEORKT %
THF BT OBER

242 o944

940

amplitude

938

936

934

4 - R — 7 DT RBE. 4 BEETOT
WA —7 (FR) & B0%EEXH (KE), B
F O D72 D FEBEOBIE (F).

AR AREZ NIV N R ERRL
TYERE LIz RREZE e T LVICk LT, 7—#
EAk & F U CTEORD 1% O 3 1 O E 2 T
THHEITHONT, FH 112 FEFYIHTS
TRELE. AFEOTHKEIL, TR
f128 4 BT 20% LN TH - 7=, Z OFERIT,
T AV NEFYEFELTHRE LZ., KREHO
TRGELIL, TR 2 8T 20% N TH

> 7.

4) BGFEEZHANT, 2= E—=ALCTOD
BE %7 E S E 5

BERNBEROBEFTOERIECH DL a—
B — A CT {IZ2WT, REEICHE ST
DHIRE, BEURBRER otk FiE L 1T
B B BRBIC X AT T u—FT, T—
F7 77 FERAER S, EERENICH LS
52 LR LT.

ToRIE, FiEOa—2rE—A CT Hg%
BRI X o R LS pTH D, IRE
FHE] CT Fpighs &1L > - RIC 72 > T
TH, HUICEERN EAERTED.

X i RO —r v —A CT g (1) &,
OB BIC X 2EE R L@ (R), BX
OEHEE D 7= D O IEHGHE CT |\ (F)

Z OEHHIZOWT, 113 [][E Ry LA K
£ T3 £ L 7-. Journal of Radiation
Research ZEHim A& HIR L 7=.

5) BRI TO U 72 A L EGHR
DEAfT

4 Bor ATy BERERE]) T, IVR ITB
J A BRERRERESMOE T AT Y
Ral—varEToEMERB L. H
114 IS BRI THEZITV, Journal of
Radiation Research & HEm A& H LT-.

WFEEHI SR T, oK Q9 H) > LA
G (6 14), EEEERREE (T4, e (12
M), ME2HE L TEELEZ. £72, F 110
BIEFYERFER RS EE, 5 116 [EZY
FAREREEEZE L.



. BT REAG CF
(WFFEEAE . WHIE5 3 M ORI 724 12

ESN )

sbam L) (FF 12 1)

Satoshi Kida , Takahiro Nakamoto,
Masahiro Nakano, Kanabu Nawa, Akihiro
Haga, Jun ichi Kotoku, Hideomi
Yamashita, Keiichi Nakagawa ,Cone
Beam Computed Tomography Image
Quality Improvement Using a Deep
Convolutional Neural Network, Cureus,
DOI: 10.7759/cureus. 2548 [#at A Y ]
Oyama A, Kumagai S, Arai N, Takata T,
Saikawa Y, Shiraishi K, Kobayashi T,
Kotoku J, Image quality improvement in

cone—beam CT using the
super-resolution technique, Journal
of radiation research 2018 4 4

H DOI: 10. 1093/ jrr/rry019 [# A Y ]
Hayashi T, Fukuzawa K, Yamazaki H,
Konno T, Miyati T, Kotoku J, Oba H,
Kondo H, Toyoda K, Saitoh S,
Multicenter, multivendor phantom
study to validate proton density fat
fraction and T2% values calculated
using vendor—provided 6-point DIXON
methods, Clinical imaging 51 3842
201842 A

DOI: 10.1016/j.clinimag. 2018.01.011
(A ]

Takata T, Kotoku J, Maejima H, Kumagai
S, Arai N, Kobayashi T, Shiraishi K,
Yamamoto M, Kondo H, Furui S, Fast skin
dose estimation system for
interventional radiology, Journal of
radiation research  1-7 2017 4F 11
A DOI: 10.1093/jrr/rrx062 [ % Fi
UN

Hayashi T, Fukuzawa K, Kondo H,
Onodera H, Toyotaka S, Tojo R, Yano S,
Tano M, Miyati T, Kotoku J, Okamoto T,
Toyoda K, Oba H, Influence of
Gd-EOB-DTPA on proton density fat
fraction using the six—echo Dixon
method in 3 Tesla magnetic resonance
imaging, Radiological physics and
technology 2017 #9 A DOI:
10.1007/512194-017-0420-7 [##A Y ]
Nakano M, Haga A, Kotoku J, Magome T,
Masutani Y, Hanaoka S, Kida S,
Nakagawa K, Cone—beam CT
reconstruction for non—periodic organ
motion using time—ordered chain graph
model, Radiation oncology (London,
England)  12(1) 145 2017 4 9 A
DOI: 10.1186/s13014-017-0879-8[ 7 &t
AV ]

Tanahashi Y, Goshima S, Kondo H, Ando

T, Noda Y, Kawada H, Kawai N, Kotoku
J, Furui S, Matsuo M, Transcatheter
Arterial Embolization for Primary
Postpartum Hemorrhage: Predictive
Factors of Need for Embolic Material
Conversion of Gelatin Sponge
Particles to N-Butyl Cyanoacrylate,
Cardiovascular and interventional
radiology  40(2) 236-244 2017 4E 2
H DOI: 10.1007/s00270-016-1496-x
(&R H Y ]
M, R LB, EFYHE
36(3) 151-155 2016412 H  [#&w¢
AD]
AL —, AR OB, By
36(1) 18-22  20164E7 H [fEHEA Y]
i —, A XHEEOEME, EFW
i 36(Sup.2) 1-10 201644 H [##c A
v]
Shinobu Kumagai, Ryohei Uemura, Toru
Ishibashi, Susumu Nakabayashi,
Norikazu Arai, Takenori Kobayashi,
Jun’ ichi Kotoku, Markerless
Respiratory Motion Tracking Using
Single Depth Camera, Open Journal of
Medical Imaging 6(1) 20-31 2016
F3IA [(EHAY]
Jun’ ichi Kotoku, Shinobu Kumagai,
Ryouhei Uemura, Susumu Nakabayashi,
Takenori Kobayashi, Automatic Anomaly
Detection of Respiratory Motion Based
on Singular Spectrum Analysis,
International Journal of Medical
Physics, Clinical Engineering and
Radiation Oncology 5(1) 88-95
2016 22 B [&E#HA Y]

FRARER] (29 1)

HEH—, EAEGICBIT D AN e,
530 [BlRETEE R S H X SRR A RS fe

(FEFFREE) ,20184F 4 H 21 H, 71V
U (AR RAR )
WER—, A LR D T O
LVTF A I RO L, R 29 4
E 1 [mldemE s AR R —
A (R , 2018 423 A 10
H, JUINKT: (4 [ A B )
dEM—, EAHE®ICR T D AN TR,
RIS 57 RfRs (AR
W) , 20184E 3 H 3 A, MERESRE
FZERT (FIERTIET)
AR, BRI 0 B T OB
BT R oT Yy 80 2018 (R
) , 201842 A 2 A, —E#E (i
HHTAREX)

i—, 7l IAh=ma—T Ry
T — 7 % T S X AR IE R 0 H B A
7)==, B 1A N TGS EH
BRAFE S (FRAFEE) , 2018 4F, WL
KEFIEBE (RS SUR X))



10.

11.

12.

Jun’ichi  Kotoku, Asuka Oyama,
Yasuaki Hiraoka, Ippei Obayashi,
Kenshiro Shiraishi, Hiroshi Kondo,
Shigeru Furui, Yusuke Saikawa,
Shinobu Kumagai, Takenori

Kobayashi, Image Classification using
persistent homology(1), % 115 [A][E%:
MR AN RS, 2018454 A 15 H, /¥
7 4 AR ()RR )
Asuka Oyama, Yasuaki Hiraoka, Ippei
Obayashi, Kenshiro Shiraishi, Hiroshi
Kondo, Shigeru Furui, Yusuke
Saikawa, Shinobu Kumagai, Takenori
Kobayashi and Jun’ichi Kotoku, Image
Classification using persistent
homology(2), & 115 [B][= 2y HF %
firksx, 201844 H 156 H, Rv 7 1=
R (PR3 RAR IR T7)
Takeshi Takata, Jun’ichi Kotoku,
Takenori Kobayashi, Kenshiro
Shiraishi, Hiroshi Kondo, Masayoshi
Yamamoto, Oba Hiroshi, and Shigeru
Furui, Hands-on virtual reality dose
visualization and air dose estimation
in interventional radiology, % 115 [F][&E
TP RTINS, 2018 424 H 13 H,
N T 4 g (AR IRAR T
Yusuke Saikawa, Kenshiro Shiraishi,
Hiroshi Kondo, Hiroshi Oba, Shigeru
Furui, Asuka Oyama, Shinobu
Kumagai, Takenori Kobayashi and
Jun'ichi Kotoku, Differentiation of
hepatocellular carcinoma and benign
liver nodules by using texture analysis
on non-enhanced T2-weighted MR
images, % 115 [HIEFWEF PR
£, 20184 4 A 15 H, /X7 1 2 ik
(=) 1 IR AR 1)
Takeshi Takata, Jun’ichi
Takenori Kobayashi,
Shiraishi, @ Masayoshi  Yamamoto,
Hiroshi Kondo, Hiroshi Oba, and
Shigeru Furui, Visualize Skin Dose
and Air Dose in Virtual Reality,
RSNA2017 (HEER%4) |, 2017 48 11
H 26 H—12 A 1 H, McCormick Place,
v CKIE)
Takeshi Takata, Jun’ichi Kotoku,
Hideyuki Maejima, Shinobu Kumagai,
Norikazu Arai, Takenori Kobayashi,
Masayoshi Yamamoto, Hiroshi Kondo,
and Shigeru Furui, A fast skin dose
estimation system in interventional
radiology, %5 114 [F][E 7P 7K
2 (HE%%) , 201749 A 15 H, K
B R CRFRRFIR H TT)
Jun’ichi  Kotoku, Takuya Hirose,
Shinou Kumagai, Akari Matsushima,
Kenshiro Shiraishi, Norikazu Arai,
Akihiro Haga and Takenori Kobayashi,

Kotoku,
Kenshiro

13.

14.

15.

16.

17.

18.

19.

Automatic chest X-ray screening with
convolutional neural networks,
AAPM2017 (EBg¥%) , 2017 4 7 A
30 H, Colorado Convention Center, 5
»3— (CKE)

Asuka Oyama, Shinobu Kumagai,
Norikazu Arai, Takeshi Takata,
Yusuke Saikawa, Kenshiro Shiraishi,
Takenori Kobayashi and Jun’ichi
Kotoku, Image quality improvement
in cone beam CT wusing super -
resolution technique, % 113 [ H A=
PR TAIRS, 2017404 H 15 H,
N7 g (AR AR R )
Jun’ichi Kotoku , Takuya Hirose,
Shinou Kumagai, Akari Matsushima,
Takashi Abe, Norikazu Arai, Kenshiro
Shiraishi and Takenori Kobayashi,
Automatic chest X-ray screening with
a deep neural network, & 113 [ H A
PR AN RS, 2017 4F 04 H 13
H, "7 ¢ affiie () 1RAR T
Jun’ichi Kotoku, Shinou Kumagai,
Susumu Nakabayashi, Norikazu Arai,
Takenori Kobayashi, Prediction of
respiratory  motion using data
assimilation, &5 112 [F] H A EFF4E
RN, 2016 409 H 10 H, =
YRy Y kA — (RS
if7)

Jun'ichi  Kotoku, S Kumagai, S
Nakabayashi , A Haga, T Kobayashi,
Anomaly Detection of Respiratory
Motion by Use of Singular Spectrum
Analysis, AAPM2016 (HEEF#23) , 2016
07 A 31 H, Walter E. Washington
Convention Center CK[H)

i —, o AHEE O HAE, 5 111 [A]
AARE B2 (Ff#EED) | 2016 4F
04 A 15 H, "7 ¢ affiif (Fho)11 IR
)

Shinobu Kumagai, Norikazu Arai,
Susumu Nakabayashi, Ryohei
Uemura, Hideki Takahashi, Hiroaki
Sato, Takenori Kobayashi and Jun’ichi

Kotoku, Estimation of internal
deformation using boundary
conditions and optimum organ

material parameters, & 111 [ H AE
WP, 20164204 H 156 H, /Sy 7
# 2RI (PR AR 1)

Susumu Nakabayashi, Tatsuro
Kaminaga, Takashi Chikamatsu,
Takao Okamoto, Norikazu Arai,

Shinobu Kumagai, Ryohei Uemura,
Hiroaki Sato, Takenori Kobayashi and
Jun’ichi Kotoku, Improving
diagnosability of SPECT image by
edge preserving smoothing filter,
111 [|] A KRS S22, 2016 4F 04 H




20.

21.

22.

23.

24.

25.

26.

217.

16 H, /"7 g 2l (P21 A
1)
A, BB T, BT SRR, Ak A,
B di—, A B, RRAIET Y &
7 AT o BE B, 5110 [H]
HARESF IR P2 R S, 2015 4F 09
H 19 B, JtyEE R AeifgEFLng)
Jun'ichi Kotoku, A probabilistic
predictive model of respiratory motion,
JSPS Core-to-Core Program Training
Plan for Cancer Professionals
Pre-AAPM Scientific Symposium ([E
F42) , 2015 4£ 07 H 11 H, Anaheim
Marriott CK[E)
J. Kotoku, S. Kumagai, A. Haga, S.
Nakabayashi, N. Arai, T. Kobayashi,
Prediction of Respiratory Motion
Using State Space Models, AAPM2015
(HEE#2) , 2015 4F 07 H 14 H,
Anaheim Convention Center(CK [E])
Jun’ichi Kotoku, Shinobu Kumagai,
Susumu Nakabayashi, Norikazu Arai,
Toru Ishibashi and Takenori
Kobayashi, A 4D prediction technique
using dynamic linear model, ICRP
2015 (EBE#4A), 2015405 H 25 A, 7T
A I B i GO T A A )
Jun’ichi Kotoku, Shinobu Kumagai,
Susumu Nakabayashi, Norikazu Arai,
Toru Ishibashi and Takenori
Kobayashi, Predictive modeling of
respiratory motion using dynamic
linear models, % 109 [B|[EFH Pl Fs
FAN KRR, 20154204 H 17T H, /v 7 ¢
i (PR RAR IR )
Shinobu Kumagai, Toru Ishibashi,
Sususmu Nakabayashi, Ryohei
Uemura, Norikazu Arai, Takenori
Kobayashi and dJun’ichi Kotoku, A
FEM based Non-Rigid Registration
using boundary condition, % 109 [F][E
PR TTRE, 2015 4E 04 A 17T H,
RU T ¢ ARl (RS R )
Susumu Nakabayashi,Takashi
Chikamatu, Takao Okamoto,
Norikazu Arai, Shinobu Kumagai,
Ryohei Uemura, Toru Ishibashi,
Takenori Kobayashi, and Jun’ichi
Kotoku, A preprocessing filter for
SPECT designed to improve high
frequency components, & 109 [H][E%
WL R4, 20154204 A 18 A,
RU T ¢ ARl (RS R
Toru Ishibashi, Takenori Kobayashi,

Shinobu Kumagai, Susumu
Nakabayashi, Ryohei Uemura,
Jun’ichi Kotoku, Fast image

registration on Multi-GPU computers,
5109 [H][ A BLA 2 AR 2, 2015 4F
04 316 A, /"7 ¢ affilie ()l

R

28. Ryohei Uemura, Jun’ichi Kotoku,
Ishikawa Masayori, Norikazu Arai,
Shinobu Kumagai, Susumu
Nakabayashi, Toru Ishibashi,
Takenori Kobayashi and Shigeru
Furui, Basic property of MID-SOF
detector in radiotherapy field, # 109
Bl P B P R4, 2015 4F 04 H
19 H, N7 g affie (M)l AR

1)

29. Yuichiro Manabe, Takahiro Wada,
Masako Bando, Akihiro Haga and
Junichi Kotoku, Quantitative
estimation of the effect of radiation
therapy by using WAM model, %5 109
B =AM B AR 2, 2015 4F 04 A
16 H, /N7 affil (o)l AT
if7)
=5

() Gt 24

O M fth, SEPEHPEEMIEM, Ak
FREHAIEE, 2017

©) fpi— fh, =X -5 4 —-x %, Julia

F—HHP A=A, 2017

(Z D)
R—b_N—
http://square. umin. ac. jp/teikyo-mp/inde
X. html

6. WFFTHLAE

(1) WFge s

w8 fi—  (KOTOKU, Jun’ ichi)
R KRB AT AR - 2%
W& B 70450195

(2) W ge sy i

F #39L (Haga, Akihiro)

TR KT« RPEBLEw RPN (B
R) - HA%

W7eE %S 30448021



