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Abstract: Emerging bio-imaging technologies are expected to contribute to the discovery of new drugs and
the mechanisms by which diseases survive. In applications involving cell and bacterial imaging, extracting a
particular region or detecting cell motion is essential. Moreover, automatic extraction and detection in image
processing are also required because it is unrealistic to manually process a large number of images accurately,
uniformly, and in a short period of time. To help automate this process, we introduce a bone-marrow space
segmentation method for two-photon excitation microscopy images. Cellular dynamics specialists typically
separate regions of bone-marrow and other spaces using several criteria such as blood flow characteristics
and intensity. Taking these consideration, we designed data-term in graph-cuts method to process sequential
images of the inside of a living mouse. Results of evaluations and comparison with normal graph-cuts show
that our proposed method, which doesn’t uses hard constraints, achieves better performance than normal
hard-constraints based graph-cuts methods.
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Fig. 1 Example of bone marrow images (Image No.1).
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Fig. 2 Mouse stroke input to Fig. 1.
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Fig. 4 Bone marrow images for evaluation.
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Fig. 5 Extraction result of bone marrow regions.
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P (%] EEE (%)
5(a) 83.7 96.2
B 5 (b) 81.9 96.9
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Fig. 6 Applied comparative method 1 to Fig. 1.
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Fig. 7 Applied comparative method 2 to Fig. 1.
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Table 3 Number of success to extract bone marrow regions.

=R (%)

AT 80.0

WEFHE 1 (Boykov w/ HC) 70.0
WEFH: 2 (Boykov w/o HC) 53.3

x4 REFLEO R THENIRI) L 728 BEHE O Gl
Table 4 Evaluation of successful results produced by the pro-

posed method only.

GmG  FBE EaE

(U’ C, >\R7 AF> )\B)

1 85.6 97.1 (10, 1500, 100, 100, 10000)
3-1 96.6 96.6 (10, 100, 100, 100, 10)
3-3 96.5 73.3 (10, 100, 100, 100, 100)
3-5 80.4 98.6 (10, 50, 1000, 100, 100)
5-12 72.7 98.6 (10, 5, 100, 10, 50)
S 85.8 91.2 -

&5 ) L2 E ORBIER O

Table 5 Average of recall in successfully segmented regions.

WEFE 1 gF 2 REFE
RIS 80.0 79.1 78.6
S AR 97.9 98.4 95.7

FEdE A L TETWwA LR A, b, BRI E
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T5. BEEOMIESE VI ERE SN T — ¥ 2 HE)
FIHTE 2720, 5 shiE R HEDD720I120 S5 %50
FAROOND., £ 4 OFRENEOFNE (EIEES) — (B
BVESEIRD 7 NVF) Th D, ZOFED S MTRETId
HTELWVGATOMBRBEIMEKT L w2 Lavyrore.
I L 72 fEIE A E O FBIHR L HAROFE AR 5 IR
F. IS DORERD S I L 22 E O BHHEERO TR L
ERIICREREZIR SN2 > 72, REFTHOHFHEN
HBTEIC T 17.5% 0 - 72 W8 %5 5-1 OB %X 8
WZRY. X 8(a) (ZEIEFE T 5 OMBELEERT, 5-1 &
PG E R TRLTW A, (b), () 3FREFhD
FHEOPREICB I 2B L OEGERTH L. F Ok
R, FERFFNHA, REFLETIIMAE IR ZILDIC (B
EER/NEOIZ) L TV Z g h oz, FRLALD
BHZ BV THREFEOHBRDIV/N S Do 7286 3 FFED
AL SNz, T, MED/8T A =5 ZA 72720
12, BERHEOB) & A5 B FHIE A TR L HIW L 72720
ThoHEEZOLNL. HEFEIEENIEHENTTD
MM E L EUHEn D Bonzds, IRETETREY
Ldrotzlzdll, FHE LTIERES R VEERIZZ > Tw
LHEEZOLNDL, T2, HERIITRTOFTETENL-72
B, ZOHRTIIREFEIR OB, o7, BEEIFEHD o
ZZHE LTIE, 8 ICHREND L)1, HBFELE
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8 WG 5-1 DFLAE & Hl R O
Fig. 8 Comparison between ground truth and extraction result

of Image No.5-1.

6 A 80% Tl L 72 B RiE R 0%
Table 6 Number of extracted bone marrow regions above 80%

recall.

REFE 1 kT2 RREFE
it 13 8 14

D TERMYICEIEDO AN S L B SN AW D %
72O ThHDHEEZLND., REFHOMEMELRIED - 7238
e LT, BFECIREERRICRM L7220, IREFHT
D IBET) L 72450 O PR B 28 A 2R A8 LB R b DA
LTBY, ZOEFEEROFIHIEEEGZTWDL I L
biFons. —5T, GHEEEED HM 5 »OEZENMR
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W BRIZT SRk, TOFEREEZEZLE, FEH EIH
HENEETH - T, HEFLHIEO/NS K TIIRE
HREEE IR ng 5,

IS O T 0% &8 2 TV AR EEOFIZD
WTER 6 1R T . IRET TR 80% LI o fHig 5
WCH4BRLTBY, BT 1 T 136, BTk
2 T SBITH o7z, SENIKIIT 5 EESITIRET LTS
<, FHE 80% DI EE Boykov 5 DT & K& 7%
Z RS N7 72> 7228, hard-constraints % 72 W ILE T
FE2RKELEBERE T, 2O EPs, REFE
IR HALTO AT DT hard-constraints % VT W
BWIZH Db 5T, HWnTWwAEE L REED FoMhE
EEHLTWDLZ L2905,

T 72, RFETHBICER LGNS LT, hEFEL T
B LT B BARFETRML TWAHIZoWTIE 365
0, T 2 THII LT B AR T LT A 501
FHEL o7, WIBAO3IFIDO) LD 12%E 9 ITRT.
X 9 (a) 2YE IO R TH Y, (b) PR OMIE
FITH5. M9 DEEIIN 4 DHEIEES 5 DT ~NIUAHF S
NTZHITH 525, X9 OKFT T L 7245 BlE s A b
DEFHNEEIB E DS o TWA I EDn5h. T2, W%
M5, BRI & Mg AL CB Y, ERILT O FE Y 72
BEPL N LD hh . D 2FIZOWT L FEETH
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Fig. 9 A case of failure to extract bone marrow regions.
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