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Peach & Pit Volume Measurement and 3D Visualization using
Magnetic Resonance Imaging Data
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ABSTRACT

This study was conducted to nondestructively estimate the volumetric information of peach and pit and to
visualize the 3D information of internal structure from magnetic resonance imaging(MRI) data. Bruker Biospec
7T spectrometer operating at a proton reosonant frequency of 300 MHz was used for acquisition of MRI data
of peach. Image processing algorithms and visualization techinques were implemented by using MATLAB
(MathWorks) and Visualization Toolkit(Kitware), respectively.

Thresholding algorithm and Kohonen's self organizing map(SOM) were applied to MRI data for region
segmentation. Volumetric information were estimated from segemented images and compared to the actual
measurements. The average prediction errors of peach and pit volumes were 4.5%, 26.1%, respectively for the
thresholding algorithm, and were 2.1%, 19.9%, respectively for the SOM. Although we couldn't get the
statistically meaningful results with the limited number of samples, the average prediction errors were lower
when the region segmentation was done by SOM rather than thresholding.

The 3D visualization techniques such as isosurface construction and volume rendering were successfully
implemented, by which we could nondestructively obtain the useful information of internal structures of peach.

Keywords : Magnetic resonance imaging(MRI), Region segmentation, Self organizing map(SOM), 3D

visualization, Volume measurement, Isosurface construction, Volume rendering.

1. M £ Bloy ZAF7 7leZ2 ddAd Jth(Chen et al,
1991). @7 -AR-AFE T S TAN g
AR 2A71FH 5A4L ol&d= NMR/|= ANz Bd Fuge st4el stFsd, L
€ 1950 ) FRrRE Farge iR YA e SojHE MRI 71&8 48 Ad 2 HE9
AAS=d 8257 AZHHKIim et al., 1999). HZFTA 22kel Al A(on-line sensor)E A 83}
Zz37 9o)3 RoldjA aWATLoT da LY 7] A Z3 A HKim et al., 1999).
o] & A7|FFG/HMRI) 71 tigAl e 9 Heil(1991) & A7132F 4L oldsted o3
Ao W2 A7jFE SA9 WIEs AT & 2 AZEe 5L AFsidon, Zion(1994) S& 7t
on, X-#e°] @&FCNHIF= A 713 a8 8 WA Qo N EA AXE sotaied

The paper was submitted for publication in March 2002, reviewed and approved for publication by the editorial board of
KSAM in May 2002.

The corresponding author is Chul Soo Kim, Professor, Division of Bioresource Systems Engineering, Chonbuk National
University, Chonju, 561-756, Korea. Email : <cskim@moak.chonbuk.ac.kr>.

—227—



¥3EA71ASTE A

NNEBEY 7Eol HEEA gL £ AL B
2349t Barreiro(1999) %2 MSME(multi-slice
multi-echo) 271 FHFAE o] &3t Apz &9
ZAY™SE ZHAstd, Thgtel ZAWsie A
A7 A& BEHh

7‘}7]1"“3”°§HF—1 o FEAjo

FHWzel X, Hug &4

= Eﬂ’z}lﬂa T8 AdE HME o =3
NEHoE A 2T §F Us 99 £
71HE gFHo|th

A7) HEEH 2L 3 dolHERE W)
< WAE E¥gilde PEd d dres A9
Aol galA APET k. Danielsson(1998)
T2 AETTE ol FIEEY YL A
THEGN Hgsly HFyHe=z ¥AL —‘?’—QQ
AATtT Bratgck. Ashton(1997) S o
A HAotgris 2T FFH Z‘-’“° 38t
o WA FIFFYEL WPsty AL
Nott(1999) S& A8 4ol S8 $oj8 A
giox FE7 At AriFd EAHE(T,
Tz, Mo T™, Ma/Mo)E E83le $o] WaRigy
A4 =2 _u.%’élﬁ’l TEEE At Wang
(1998) 52 #8873 NAGL ol&sdq A7|FH
e 1‘@'5}-1- FHE A3 YHL At
A Reddick(1997) & AFAELE ol &3t
o AVFHAITE

B =2

T=

5 AsA
= =]

o~ T

A o

A ksl ok,
MRIL} CT 71$2 ol&3td Falo ad 2

WA wRGRE 9 F At 7 v

aA £ 2 g Hsatel, Q@ %‘E%‘*J

Fdeol A4dEn. &
4 3) & AH(volumetric image)

Wde) 7 g

of
8 o
fo of mft o o

Z‘_‘E}?SP&‘I °é%
4 gz 2¥3A Id,
AF #3982 (volume element, voxel)zt &}, 3af
G4 ddAe Wy Fxe 23 HHE
A olsEg 4 UEE &sF7) B S, JuEoel
Az He Ay Z&E EE AEEHA F&
Age] Yo FL&E Etol oflel, HA4E ¥

A27W A3E 20029 69

AEY 7ty Wiy MY S & 8o E &+
Ak whebA 3AY ThALSe) B35 AxE gust
A @FHe A8 714 Y Eel BHIHe gle
o, EZFHQ WYog:= S7hEW ¥ H(isosur-
face construction)® %3 KA} (volume rendering)
o] glti(Bomans et al., 1990, Steen and Olstad,

1994, Tiede et al., 1998). A2 So] FUgME 3
Y 7HAE JIHE TRk $&EEE 47
7} 83 . Kim(2000) $2 HEEHe &

3 97 we 49 9B AT AEE A4
71 sistel AW wRe 234W 4RRE olg
ste] ABE =2 Y IR HARE AEHY
% sHez TRANY AEAE YW 24
°2 AUHEA 244 B AL Y58, o
£ 239 B4 =¥sd 339 AEAN Rd S
g4se HHe AEH] A8 APE 595
S tH(Choi et al. 2000, Hwang et al. 2001).
2 dFdAe 28 3 HEdas Q3 A3Y
q¢ IPLEEE TEa BEols 41T
’}3 gL, F £ELY o8 dF3 By
19] Rt HAE £H§ $og vws
e 45 Btk TY Hgolel
ZE 44 A8 £ UEEF 7 fsto,
7FEH F& W (isosurface construction)®} ¥ 3 T
AP (volume rendering)8 #8323l Holol z17)
THEGEE 3349 HA s

}-o
=
PR A
=
o
H
"T'

°ln£.9.

2. Mz 9 Yy

7t X7 E5EE

2 d7E st daExyoel tigtol ¥ FE Y
Sl= Bruker Biospec 7T spectrometero] 2 MSME
(multi-slice multi-echo) B X~ A|FAE o] &3te £
Aol 64 @, AT 128X 128 4 EFole
ANgH G4 YS3dch gk, Bgoty A
71 F RG-S 128x128%64 A7)} 339 Wi ©
olEl7} Ed. dwe ZAlE 1.25 mm, FOV(field-

Table 1 Specifications of BIOSPEC spectrometer system

. Field Gradient Shim
System Bore Size Strength B-GAI2 System Host Computer Software
BRUKER/SGI
BIOSPEC 70/20 210 mm 705 T 200 mT/m B-S20 . ParaVision
Workstation
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Fig. 1 Outline of the thresholding algorithm.
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Fig. 5 Volume rendering.
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(a) original image
(c) thresholding at graylevel of 80
(f) peach region segmented by SOM

W 3 543 330 AN B

CCe -8 -

(b) thresholding at graylevel of 30
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Fig. 6 Segmentation of peach & pit regions.

Fig. 7 Sample slice MR images of peach.
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Tabel 2 Peach and pit volumes predicted by volume segmentation algorithms

(units : mm’)
Sample No. 1 2 3 4

Measured(Actual) 200.0 167.5 1825 174.5
\f::if:e Thresholding 201.2 179.9 192.0 1825
SOM 191.3 172.2 182.3 172.9
Measured(Actual) 7.5 6.5 7.0 8.7
Pit Volume Thresholding 7.3 5.4 42 4.8
SOM 9.4 7.0 6.0 59
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Fig. 11 Pit and sliced peach visualized by
volume rendering.
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