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A Tterative Circle Fitting Algorithm for Tree Diameter at Breast Height Based on

Minimum Variance

FAN Li,LIU Jin-hao" , WANG Jian-li

(School of Technology »Beijing Forestry University . Beijing 10083 ,China)

Abstract: An iterative circle fitting algorithm based on minimum variance was proposed to improve the ac-
curacy and stability of DBH extraction algorithm. The initial coordinate of circle center was obtained by re-
ferring to least square method. To reduce the variance of the radius vector,iteration step-size was set and
iterated to establish the coordinate of circle center. The average distance between circle center coordinate
and each scan data point was defined as fitting radius. Based on the algorithm,the diameter at breast height
of a standing tree with an actual diameter of 680 mm was extracted; the radius of the fitting circle was
729. 944 18 mm. The result was compared with other four algorithms, such as least square circle fitting,
Nlinfit, Taubin,and Pratt,the accuracy of the algorithm presented in this paper was the highest and most
stable with the standard deviation of iteration diameter of 1. 926 01,and the stability was best among the
five algorithms.

Key words: minimum variance; iteration; circle fitting; algorithm

RRMR OPR ) B A T 2 2R b 9 58 A ) — 20 = %2 ) A28 2 Y e LA A R PR s S S A M RE 1 i B AR
AR AR AR BRI A BRI P R G AR I T 3R R T A v
fih TAE. BAbk AP ARG AR R E . T E L R AR R e T ) B 1.3 m kb
PR S ARG T4 G o7 B e SR I ORI AR . T ERCRIRR 25 3R R R A
] R ROC R PEAT SR . L (AR AR I BRI A e BUACAROL R R i R . S SE B ML A 3h
L SEAR B BRI R R RSS2 AT [ N AMIIE ST N BT 3R 4R R T OE E0E 19

Y8 HH#9:2015-06-30 f&[E HHA:2015-10-25
ESWB : E R AR 51 3 E R 3O B2 AR5 B (2011-4-02)
EHZ A S W & e BRSO L AR TR R £ R F dh 4k . E-mail:li_fanfan_1011@163. com
* BASEE XS B WA B W A S R T ) AR AR T AR R A k. E-mail:livjinhao@ vip. 163. com



216 VU b2 B 2 41 314

FRARGE R S HARBCA L s . TR S —
LT HOE & B A CMOS %45 838 41 0l i
I 22 558 A T A e T A B Y RSB L B e R
Hie /I A (B 400 R L SRR £ H AR R AR S
P. Pueschel™ % 3% Ff FARO Photon 120 = 4 ¢
AT 57 A BE AT H 53 90 R Lemen 5592,
Pratt 7% , Taubin 5% 5 #4008 17 R UL & 15
S A2 . K H I O (LMS-Z360i; Riegel , Inc. )
HEATSEAREA I RS 597 455 Hough 24k
BEN M FE") . T. Aschoff™" 45 38 i[5 8 & 5309 % 57
ARHEAT AL R H] Hough 78 #5125 9E 47 52 A A I
TS B M A . H R A AR ST R i AR 52 Oy TH 2
BT EE AT RGO T 3mSR M A2 4
e E B Bk 1) TR 5 R M L AS BIF S AE B /) 3R B
AR M ELAL B 42— b R T a5 /N 7 22 1 R AR
(1R 1E = A S I TN TS 7 N (71 1 e i A7
Nlinfit &k, Taubin & 3, Pratt B %17 L,

1 ATz RENEGHERE

1.1 % E O 2 ERE K 7
WHAAIRR T RO AT (A B 7R
R, W[5 5 7% AT 5 B
(x—A)*+(y—B)*=R* (D
L3 Tl N el 7 N N TN G 5 S T I B 1
AEFR R (O o) » Horp @ S 4RO AU F A5 R
BB HOS P S . R D I A AR R T B
T fEH
p." —2mp;cos(a—0;,) +m* =R’ (2)
B — 21 B BN B AR AR Dy (0,0 L) TR SR &R
BN maa.Ro K0 IRAK (2 T 15

2 —2ml;cosCa—0;) +m*=r? (3)
THA B2
8, =ri—R’ 4)
F(m,aR) Zi:l& :iil(llz —2ml;cos(a—0,) +m’
—RY) (5)

HRAGFRIR e Z MR/ R B G J7 3k o
GBS

I S (om—21,cos(a—0.))
am
9 .
TF:Z(ZZ;sm(a*d)) (6)
aq
IF _
IR > —2R

JF ,

Ho =0 W4,
am

2nm—22>,1;cos(a—6,) =0 7
(x|
mzZZ,vcos(a—ﬁ,-):O 8)
n
i 2E =0 g
da
2m 2 l;sin(a—6,) =0 (9
A~ m70, FrLA
2ilsin(a—0,) =0 (10)
VSR IF . 1
sin(a) 2 cos=rcos(a) 21, sin(f;) an
i
o Z[,Sln(e,)
aiarcmn(ﬁ)&cos(&,)) (12)

AR 0 G o) M S AR R 2 B0 A B
1.2 Bl stRE% R

AT A2 0 AL R (o) FE AR (2) 78 51 4
e I 0 A O I 00 2 7 [ B SR @A
o BT R AR L T G AR R Oy 2
b
P =L = = e ()]

(13)

Bl Ge 2 vh Oy 22 80N AR XK AH B s RS E .
PRI I S > 428 1] a5 1Y) 2 80N 10 B 0L A 250 AT
LA B 0L G A5 51 A A5 400G 1 B 422 30 S PR IR DA R
AR ) 1 19 5 22 9 B AR KRR B0 AR AR Gmes )
HEATIEAR . AT T X 250 B R IR AR
KRB UL B e /MR AR AP K AT TR
1SRRG AR . B AR 58 A Rz
B) (S-S5 BE B R LA 2 4. e akARSR m, FEEAR SR
ao m BT BRALWAEEWE 1 iR, o ER0T R~
[ 2,
2 BHEGE

IR A R fE MATLAB B85 T~ 4
il 24224 100 mm AR (& 2 R B A 52k) , b4k
(1) 22 a5 B Ay SE B [ Oy 5 3 50 AR R A (0, 00 4 B 19
FRELEM AL AR T Al Rom by o AL AR HOLH U 15
B IE 2K 78 A2 10 B Ay o A BE S L Sy 19 DX Sl o 45
WESE )7 A 66 A B RS 20, B BRI s &l 2 s
B R BT R

iz AR SCHE M 1) B3k X S iR e R AT 1R 4L
Ao IR 8) Kz (12) SR 1540 4 B0 Ak AR Ky
(9.36,—0.5525) , 1N& 2 h =MIEARIEI R, KE
KR 1B KR 0,05, 7 2K B 280, B



5 330 B AT /N IT 28R AU A R SL R I AR R U A B 217

AR 1) A 107 22/ T 7 250 JE AR RS e AR )
RS BRSO IR AR RN 1000, B2
AR A1 000 B, VLS R, /MR AR AP
Ko B2 KON T p Bk g e, 181 2 o, 5 B b
RN R YR AT 5 45 SR A RO AR A Ty B 1 R
AN T YGEAUR BB AR bR L T B 2 SROREE 2 Kk
OB AR BR DL S HE . B 2405 2 A9 405 [ 40

T4

Kl 2 2 BT o 150 AR A D (0. 4,0..000 4) , 48
A 99. 884 9 mm, f HLAR BN . 0T
4 Y AR B B S SR O A bR A HoR
LA B AR IR 22 AU 0,001 151, o, B K
FIJ7 2605 FE 2 504 Oy 22 8 {0+ 552 B L JH v 7 AR 418 4K
PR AE AT BOE

VR I LA B

(m, o)

v

S

v

| kormaad |

v

B BT R
M A K Am,
AR A K

KT IELE
JEH N T8 2 i
SRR TR K

KA Bl

v

SR o o st

<>

ml=m
stdl=std

1l

Am=0.5/\m

stdl=std

e

v

SRAAR ) BB % std )

A
» =i+l

Bl mnZzIREZRREE
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Fig. 4 Actual scan datium points
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Fig. 6 Circle fitting results of the first set of measurement data with different algorithms
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Fig. 7 Circle fitting diameters of 50 sets of measurement data with different algorithms
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