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Quantitative Analysis of the Shapes of Liquid Soap Bottles
Using Elliptic Fourier Descriptors
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This study aims at establishing a quantitative method to evaluate bottle shapes by using a combination
of elliptic Fourier descriptors (EFDs) and principal component analysis (PCA). EFDs are used for
analytically parsing closed, two-dimensional contours and have been applied to evaluation of biological
shapes. Using EFDs, we converted the contours of 17 body soap bottle shapes into multivariate Fourier
coefficients and performed a PCA on the Fourier coefficients to extract major morphological features of
body soap bottles. The principal components (PCs) were found to be related to the roundness of the
bottles, their vertical location of the center of gravity, and form of the shoulder of the bottles. Participants
rated their impressions of the bottle contours on a seven-point semantic differential scale. The first PC of
bottle shapes was linked to impressions of “beautiful” and “refined.” Both second and third PCs were
related to impressions of “active” and “unique.” Moreover, bottle shapes corresponding to each
impression within the set of impressions were reconstructed using inverse Fourier transformations. The
reconstructed bottle shapes were assessed to determine if they conveyed the intended impressions.
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Fig.1 Binarized frontal view images of liquid
soap bottles (Sample A, B and C)
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Fig. 6 Deformations of average bottle shape in direction of ideal vectors (£1SD)

— 487 —



T 7 — U it 78 iy 2 — 7 58 R ATBR DT & 7l

hiRis

F

(a)fERRAY 72 - R AERE 72 (L)ZFWEIRNT O-fEN T D ©d Y x 7=V 72-(EMER 72 (d)FEfR S A7 - B 70
(eFemg-tr SFHE LW OFfESIFN-KA S IF N () B RN Ty 72 ILZR E LWL
()3 LW -E GHFrfetre- < e o7z KA E-H < & DU 720
M) LAIZ WD LAST W )iGEINZR W (o) HuBE 72 -RTF 72 (P)TTR & D -TLRD TR
@ @ | B
(QEERDR-HE LW MEETERVAEHTES (s) bdh72-F 7z

Fig.7 Deformations of Sample A in direction of ideal vectors (= 1SD)

— 488 —



HAHEZ25% Vol.2l No.6  (2012)

*:p<.05

*

%

—E
m—E

100%
90%
80%
70%
60%
50%
40%

30%

20%

10%
0%

NIV
NIRILHE)-TRIHE)
NG H Il T

S @ AL N Ty 0L
=BT

Sl EESAE A, 7S

I B N e T M

NILIN YA ANY
RS H -3 &
TSR Ik
NI~ ZE
NN H AR 2
FUCHTY =36 H
RIS Y Y -RICH -+
NG RIP-Tp e

Sy dm - L UM

S CHT ) -T2 =L R 02
QLY E - QEINE
TP -G

7

5%

-
—

¢

[GIEES

AR D 2T

(a)

*:p<.05

i
|

€
]

IR
SoSSSoSoSS S
SO owmTaQ
—

10%
0%

SRR

TR MR HhE)
N BTl Sl

S NALMIE RV L H1E
NSNSV GITs

S CHIE -2 B g5z

DV M N M

N YN LA NN
RS -3 &
UL F Sk
T ENeES
VFN - AR
ST -3N6 5
VEIC Y Y -RIC) 4
NG RIP-Ip U

N5 = DG EBIGPESE Tl

S CRFE -2 0= R 0G
QLB Fj - LlulE
S PN T GH3EF)

157

P A

Fig. 8 Impressions on (a) deformations of average shape and on (b) deformations of Sample A

b) o7 A DO E |

— 489 —



HT7—Y ST RS Vi TR B DI

F o FHR MR O L O
IVADTRERIIR D AT N EX L= DZ1b
ZHTeb L TWE P RETT 272012, FEER
RICH LT ZHBREEITo T2, TORE, F
VIR SR TIZI9E B 128 EH T, £
YTIVATIXIGEAFISEHA T [—%) Of
Wi TR—% OHkr L 0 b A EICE ST,
Flo. AEIC TR— OHkRZWIEEIX
EEFR A AT LB b T VAR R
LB LR N hotz, [—2)
O N B S - T=HE D% 1%, BHAE
XY MV ERD DEOEEIFSHTIZENT
FREREAEVMEE R L72HEHH (eg., 8
RN —EmEL V] (RO —Tr &L
W) ThHDH, THHEOHEBIX, FIREHIR
DOBFRNIBNEE THY ., 2D LD RIEHIC
BWTHWIIROEE NG 2B ED
IZTHITHD &R D,

5. t&im

ARBFZETIE, KM 7 — U gt 2 R T 4
— T HBROFMIEH L, ZOFIERE
#IGIR &2 EEAICHBBRE T 5 FiEL LT
B EAT o T, K5 7 — U T IC &
DB 7 — U AREE, BERORETEAR
ERTEEBROKMT —2 L LTH 2 &
WTE D, KT, ZOZEET —XIT
%t UER b 2 A L. pE L T o R
WOBENE RS 5 FERBRENER %
MEBNTTR LT,

7. SDIEIC KD EICESE, LAY

72 FEAT 22 T & i 2RI 4K o 518 0 BIAR & et
T2 Z LT BT & ARG 0 BAfR
ISR LIz, Zhick v, Frh omssE
WAL TBBLETOMGEHEET D 2
EHTE, EL. BIRE ORI B
TR VIS (eg., BV 720 72— fEPEW
) bIFETHZE bW LN ST,

B 7 — U S RN IR ER IR 0 AT A
ThDEVIFMEZFIMT 2 Z LT HIZD
LEREIR R T 2 2 L b AL TH D,
AW TIE, FHRELR IR L OBEFOR
(P TIVA) OmEE . FE ORISR &R
HHEHEINDFMICERT D Z & xR
Fico BB T 2FHEEBROFE R, =
DFEIC K DWmEBTCIRE T, TR & BE D
bHER (eg., TFEMTO—EARITD])
IZEBWT, ¥—F > MERDHAIGZ LV D
HT EBNRENTE,

UbDZ &b, FEH 77—V fffric X 5
B AR DA & 228 BT 36 L OSDIEIC
K DHIGFHI O A G DRI, (1) ZEE72RE
M7 YA OF T, HLEMORT A
DRV Y a = 7 2 BBICEET S, (2)
P OBIRE ZN O E 72 6T G0N
BfR &2 RAHNCERET D 3) FEDEIRD
SREAELIED LD T A VA AT
AL+ 5, LW I3oDHEICEBWTAHHART
BT EWRINT, TROLAEBET
FEIE, B ORERA A — VB K LTz Ry
r—=UTFPA U EIT) TR RACBWT, B
BT A VXBEFIELE RV 2D EE XD,

- 490 -



AARELEFL55 Vol2l No.6 (2012)

<BZEX@>

1) F.P. Kuhl, C.R. Giardina, Comput.
Graph. Image Process., 18,
236-258(1982)

2) F.L. Bookstein, “Morphometric tools
for landmark data”, Cambridge Univ.
Press. (1991)

3) IL.L. Dryden, K.V. Mardia, “Statistical
shape analysis” Wiley & Sons. (1998).

4) L.J. Segerlind, B. Weinberg, Trans.
ASAE, 16, 324-327 (1973)

5) R. White, H.C. Rentice, T. Verwist, Can.
J. Bot., 66, 450-459. (1988)

6) H. Iwata, S. Niikura, S. Matuura, Y.
Takano, Y. Ukai, Breeding Sci., 50,
73-80 (2000)

7) GrREESER, FHESL, AHER, B
1% B 15 7 23w CEED, 171-D(6),
1065-1073(1988)

8) REFER, “ALRMF—IER ZE TS
57 (FF BEAERs W) STAE G s AP,
FE R pp. 36-48 (2006)

9) F.J. Rohlf, J.W. Archie, Syst. Zool. 33:
302-317 (1984)

(EFssfF 201248 A 17 A)
(FBAEZH 20124 10 H 4 H)

- 491 -



7= T Vel T MR

492



