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Optimal Digital Line Fitting Using Multiresolutional Representation
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Abstract: Line fitting to image points is one of the most important issues in computer vision. In general,
image points includes many outliers, which do not belong to the line to be estimated and they cannot be
eliminated beforhand. Therefore, it is necessary to detect outliers and to fit a line simultaneously. To solve
this problem, discrete line fitting methods have been proposed in the literature. In these methods, the opti-
mal solution is obtained which is the most consistent line among all possible combinations of image points.
However, they require much computational costs. In this method, by applying the multiresolution representa-
tion, the computational time of the optimal discrete line fitting is much reduced. Our method guarantees the
optimality by a linear expression and down-sampling which preserve the opitimality. In addition, we propose
a efficient search algorithm for obtaining the optimal solution using a multi-resolution tree structure whose
depth is corresponding to the resolution. And, by integrating similar problems and parallel processing of two
discrete line fittings, the computation time is reduced. In order to show the effectiveness of the proposed
method, experimental results of a discrete line fitting were shown by changing the initial resolution and it
was confirmed that the computation time was much reduced by our method for many data sets.

Keywords: digital line, line fitting, multiresolution, tree structure, acceleration, parallel operation

- 1. 1FU®IC

bR LR R

Graduate School of Engineering.7 Tokyo University of Agri- ERMTIE0E, 2o Va—FPYa i BuTHRAR

culture and Technology, Koganei, Tokyo 184-8588, Japan .
OB, AR POBEAMEDN 1 OTHL, NI, WEEOT Y U A
) Presently with Nomura Rescarch Institute B, Thbb, 2 JOUZEM LT B AR 4T

st.tuat.ac.jp A B

®) ikuko@cc.tuat.ac.jp FHEMEROLMETH A, EHELTEDIII AT F ¥
© 2012 Information Processing Society of Japan 107



BIRNIBS ARG FEEEFIEESE Vol.5 No.3 107-119 (Sep. 2012)

V7 L—2a ryRNIWOREE EIL WL TWS.,
—fEIC, EALTIEOICBWT, EgEFoIy Ut
TR L ODOEMICETINE LIRS WV, FD0T—%
12/ 4 ARBENGEIN TV LR ZE T L LEDN D
D, BERITHETY 7 Bl L CEM Y TE o 247 ) Fikosfi
FINTa7z, 72z, HBRMGEFEDO 1 OTH LHR/AND
TR T, ANEEEMREOHBEERANITS LD
(2R T A= 2HETHIETHEHELTIIDEIT). Ly
L, ANNEnz 0 (v I8 Mg L7oVWEMR Rz
bOEEUYE Wi ELHE) 123 A4 A8 IERS
FIHED E VI FHRZ M- S vz, 2T LU0iERIE
LM, UL, MU &L T — 1T LTHIH
BELREMRLTIIONTELFEL LT MIEE [2) xS
NTwsb., MIEEIIBI MM TIE, —Ell Lok
EEFONDEA KL TS L THIEDOEE 2T
CLLTWwE, 2L, TOFETH-> THHMUEDOEE
ML\ EFECHE L TUEIE LW RATRO S e v & v |
BB, £, MEtH % T TH S RANdom SAmple
Consensus (RANSAC) [3] 3IEFICL S HVON D FHET
HhH., COFEEZT VA28 T) T, FD
2 M A EMERD, Y OHEOEMRS S OWEEEFHE
L, EH2OOWMESEEINOSOBERZ 52 & &
DET. +oRBBoY T TEEDERL, k%L
DEDERRD SBELUNI o7 L EOEBEMET 5.
L2 L, RANSAC TlIiREMIHEONE Z LITRFFS
TWw\, ZhuE, RANSAC SHERM > 7)) v 71
Lo TWB 07717 TldZ v, RANSAC 12X ) OB
AR E BAREMASH B DL, ANT— 5122 Ll Lo
EEERVT—INEINLLGEDOATHS (K 1).

— 5T, HESCEEMEIC BV T O ERL TIZOIRE SR
TWh, BEHGTE I EE TR I, ERIE—
EDRERHFOZ 2RKODL—2 ) v FEHOMIZH 5 S
HOBROESLE L TERSINL., TN EHEFIEMR & IFR.
R, GO N7 mBEPHETER > &) »EHE T 5 F
B 4), 5], [6], [7], 5% 5 N7 MEESHRERTH 254
CHEMOIE % MRS 2 F: (8], 9] BB SN T w5, L
LINLOFTHETHE, HEAIIMUEZEL I L2 HEL

X X X X
(a) RANSAC 125 5 ft i i

X X X X X X

X X X X

(b) RETHRIZBT 2 i
1 2 DOEMY TEOFLITB 5 it
Fig. 1 Optimal solution of line fitting by two methods.
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Fig. 3 Downsampling.
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Fig. 4 Descrete line recognition using multiresolutional repre-

sentation.
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Fig. 5 Tree structure of a discrete straight line fitting to apply
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Fig. 6 Example of similar lines and its integration.
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Fig. 7 Pruning (the number is the number of points equivalent

to the resolution of the original).
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Fig. 8 An example of the edge points for experiments.
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Fig. 9 Comparison of computation time of digital line fitting.
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Fig. 10 Comparison of computation time by parallel process-

ing of digital line fitting.
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Fig. 11 Digital line fitting in original resolution.
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Fig. 12 Digital line fitting in 1/2 first resolution.
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Fig. 13 Digital line fitting in 1/4 first resolution.
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Fig. 14 Digital line fitting in 1/8 first resolution.
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Fig. 15 Digital line fitting in 1/16 first resolution.
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Fig. 16 Digital line fitting in 1/32 first resolution.
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Fig. 17 Comparing result by the proposed method with result

by RANSAC.
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Fig. 18 Synthetic data which assumes to be obtained using a

range sensor.
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Fig. 19 Result of digital line fitting of the proposed method.
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Fig. 20 Result of digital line fitting of RANSAC.

} 1 RANSAC 12 X 2 BEBEH Y Tld o DR A
Table 1 Detail of result of digital line fitting of RANSAC.

(a) (b)

Tg | WESRE | o 7)) o 7 | NS | B T v T
1 547 2,397,376 | 3,325 1,435,413
2 550 2,275,679 | 3,326 1,433,241
3 547 2,282,199 | 3,325 1,423,118
4 542 2,134,942 | 3,325 1,437,486
5 547 2,143,109 | 3,322 1,442,066
6 547 2,128,050 | 3,325 1,437,241
7 528 2,152,132 | 3,326 1,432,967
8 532 2,268,154 | 3,326 1,450,110
9 550 2,281,543 | 3,325 1,441,417

10 547 2,419,799 | 3,326 1,445,313

%[ 20 |2/°F. RANSAC TlE, > 7)) 7 &nz2
BHASHELEMDS —0.5 £ 0.5 DRIZA - 72 B EHNEET
HbHETH, HB, 201213 RANSAC # 10 [0|FE17 L7
HCTR O NEBE OB S o 722 R L TWA, e LT
BONTZNEE DO, RANSAC 284> 7)) ¥ 7 &41- 72
%R 1 I2RT.
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< 2 RANSAC Tiiliff % 5K 2 7260 O TR

Table 2 Computation time of calculate optimal solution by

RANSAC.
T | BHEEER (s) | 7)) ¥ 7
1 2,304.29 11,755,373
2 193.595 983,899
3 594.498 2,614,743
4 1,507.91 7,493,835
5 708.013 3,129,123
6 3,322.04 17,864,635
7 1,720.75 8,961,440
8 945.351 4,624,341
9 892.683 4,451,872
10 1,348.51 7,056,939
Sy 1,353.76 6,893,620
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F 3 2RILICBITZIET— 71T 2 BEER S T OFHHLERE
Table 3 Calculation process of 2-D digital line fitting for real data.

FHEEE | BEE | BAES | AR | EROK? | REFOEOHS
1 1/8 x 1,746 430 526
2 1/4 x 534 292 522
3 1/2 x 534 566 522
4 1/1 z 534 1,068 520
5 1/8 y 1,746 435 470
6 1/4 y 526 260 466
7 1/2 Yy 526 512 464
8 1/1 y 526 992 463

1 (a>0): & (a<0):

2 WOFZERIZBIT S FERT YAV AL — TOEMOE

3 ) U POV OB Y

21 2 RICICBIT B BERE Y T I L 72 mifg
Fig. 21 An image for 2-D digital line fitting.

22 2 RITICHIT B BEROEHRL T3 DR
Fig. 22 Result for 2-D digital line fitting.

R4 2RLICBITBET— 5T B HEFIER Y TIID OFHREH
DI
Table 4 Comparison of the calculation time between 2-D dig-

ital line fitting for real data.

PIRREE | RS
1/1 | 71.991s
1/2 | 39.102s
1/4 | 24.639s
1/8 | 20.635s

6. bV
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