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Adaptive Estimation Method for Diameter at Breast Height Based on
Terrestrial Laser Scanning

Bu Guochao Wang Pei
College of Science, Beijing Forestry University, Beijing 100083, China

Abstract In order to automatically and accurately extract the diameter at breast height (DBH) of trees within a
certain range from the single-station terrestrial laser scanning ( TLS), an adaptive circle-ellipse fitting DBH
estimation method is proposed based on the point cloud slice. The forestry point cloud data at breast height is sliced,
the point cloud of the slice is clustered, and the proposed method is used to distinguish whether they are trunk
points. DBH of the trunk point is calculated directly when the point conforms to the circular distribution, while
DBH of the trunk point is calculated after breast height position correction when the point conforms to the elliptic
distribution. The artificial willows data acquired in Beijing Dongsheng Country Park is used to verify the proposed
method and compare it with the simple circular fitting method. The results show that the root mean square error of
estimated DBH is 1.1 cm when the scanning distance is within 26 m, and it is 1.99 ¢cm when the scanning distance
is within 56 m. For the trees regarded as elliptic distribution, the mean error of DBH estimation results is 4.7 %
lower than that of the circular fitting results. The DBH can be detected quickly and efficiently with the proposed
method.
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method; forest inventory
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Fig. 1 (a) Stem location in the plot; (b) point cloud data of plot
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Fig. 3 Schematic of scanning geometry. (a) Vertical scanning; (b) horizontal scanning

082803-4



53, 082803(2016) BYMSHEIZHE www.opticsjournal.net

AR TLATSC AT AT 2 A B P 5 Y TR BE (L 1A] 1R

fL)=|Ly—Ly|=L,y—+/Li+R"cosf+/R*cos"B— L% sin” ., (5)
B=arctan(R/LA)— 7, (6)

ATLVEW, [La—Ly|BEE R B9 MME KA BB R M KR 1 m,
X T 4 5 1) A7 AH <0 B A AR o e B Y 2 B T I BE A [R] BE LA S e, B LA
| L, — L, |[< f(L)+e, (D
A 1t
g=/f(L)+e, (8
MR ER T IERXT S i T RE B BGREU M RBLERES Co={cicorcssscn s e, FRE
KEERI — A 2| T 6 — IR s & 5
3.3 KRfhit
DU 248 A T DL RS — AR A R b BT T AR ST 5K A I 2 S 00 T 1 2 S N TR AR . A
TR HE 25 SR R R T TR IR AR I R RTE Y . 4R R S s R R S TR R 0 A TR ERE 2 AR e A B
AT LA A $48 45 B A T A7 — A~ B AR B T b 30400 T 6 150 4 A, DRtk SR (BR800 T80 4006 140 0l
BT o AR Y A L S B D B TR S B A R A T AR N ST R T B A e
HEBR LB B/ N B . A E B /N TS T ¢ WA IZ SR NI R AR T 8. 58 o i $on
i 2

n =2arctan(R/L.) /t = 1t, (9
AL LA e BEA R AN/ . 4 R A E/NRME D 0.05 m,
t = 2arctan(0.05/L ) /7, 1o

K HI Lemon #2 H i e/ — S B 4005 J5 16 X 20 i 2 b AT RO AL %07 iR 19 A 2 R % — 2 a
bR AR A (E R/ BP

Flasb R =2 (f(xi—a) + (v, =60 —R) "> (1D

Kb a oy, ARG LR, a0 FIE R A RO LR R HMEG B 42, I Levenberg-
Marquardt J57 KR # o .6 R BI{H .,
SR T TUART 7 ¥ 8 B /s — S T8 400 O 106 X A o = 5090 R AT A TR 0050 H IR R R — S 2 4K
Ty sa b0 ST B 3 2% A HE A B R O AR o AR A T A 2 T R R
x.=acos Pcos 0, — bsin @Sinﬁc—i—x, a2
v.=acos ®sin 0.+ bsin Ocos 0. + y
P oy AAE W B O AR a6 53 5] R A 1 B KA S R, 0. R B S o BB U Je S .
FIH Levenberg-Marquardt J7 3R f# x .y .ab.0. BI{H .
T3 B 45 R Z 5 R AR Y E 4005 495 58 5 40 B 405 40 2R 20 00353 28 O 158 22 (RMISED , M T 1) e
FR BT A B 23 A 5O [ 23 A 19 BT 55 =, IRl 22 BB AL 20 A 1 HA S =

Y iR 22 € LA
25d:
W = i=1 y (13)
n

A W o RMSE B d 80 s 5 1005 15 09 D 22  RIECHE s B0 it ZR A BEBS . n D 3 v B0dis s 0

X8 P05 445 2R 55 4 [ 400 5 4 2R 0 R AR B AU & 2907 IR IR 25 W e SR G 207 iR 22 W

D W= HWe=e(o IR ER2E B U BE BT AR AL & 1 SR 5 18T 23 A1 R [ 53 A1, A
e I T AR L B AN AR R

2) 5 We<p H We<ep. WL IZHE A5 10 50T 5 B 50 A 588 6 100 20 A7 A 1 B 09 o 7 iz
BAFTEM AR . B WL W >W UL 80928 6] 70 A AT 5 BT 20 A 75 )75 5 1 5 A 5

082803-5




53, 082803(2016) BHSNBEIZHE www.opticsjournal.net

3 #H Weo H We=>q WU B2 b5 1 U875 B 40 A1, 28 T b i s, FER 7 6 8 A7 TEA R 5

) B W= H We<<e, WUEBTZ0E P35 59 SR 50 B 20 A, 28T b i, FERT 7 AL B AR AR A

7] B 7 55 K0 R AR A 0 o A A R A AR 2 7 A S 25 ) AT, (S 785 95 0 ) T i s B 2 o T e [ 4005
S50 5 BAE AR S HEAR A, PRHOX T3 20 i 2R i 2 KOO L W 5 405 5 B 7 A A s DT {6l 45 2R i 22 55K
A AT E AL B R AR EATE LT A S RA S A R 2. AT sk, 251
[ 0175 25 R 5 B LA 25 R 2Z AR T R/ME EAAZ 1.5 cm, B We<<g, WA M T 52 /55 B 75 fi
TR T 5 5 2R Al 22 S S U B S 2 D7 ARG 22 EAT R 03 26 0 B0 IR 22 BB o HU(E ) 3.5 mm.,

XF I 5E AT R S s S AT AR T . R R B A T R A A BUE 3 A AR DL 2R T U
HZ R T o 3 A Gl BUE A 15 200 BAR B Al T AR . R S = 525 v s 23 A 48 5 1 18 53 A
DU AR A7 A — E 9B} . W 4 7R, AB (EF M 84005 15 21 09 86 184 b 5 0k S e R Al
SRR RS, BN EF =AC, Jf H 0T LS 2 B A A 08 B o W2

sin _AC_EF
SUYTAB T ABC

A A A TEATURE N i g 3 AR B RE DT VR AN IR 5 BT AR SO R R IO B g Dy T B 1) R R L 2 XA
SERE MR 2E . 2 s T B R Ry A (B 3 A R D) X6 2R A R BN s U0 R 2 4RO B AR
o AR O R AT AE . IR SR B BURGRE JEh

R correction = 1.38In a4 (15)

HOB AU = DR R s Z 5 6 AT BB UG 5 06 B 9008 0 54T 5 2 A F . o s g3 A ) )
RBTE o3 A W A% S IR B 4006 B AR K o 4 o A0 A0 A5 5 W B 20 A o AR P 4 B s JLAT 56 &R A2k
V6 (B3] 4005 BT A el

14

ij:’f D
- AIDB
B 4w 0RE 5 M £ Al T Y LA 26 R 5 s L B 2
Fig. 4 Geometric relationship between leaning Fig. 5 Location of breast height

tree and estimated DBH

4 srhr5iTie

I DA G 55 T 2 T < B 2 el SR A 114 B 1 A58 56 E BT 4 HH 1 O vk . TR 6 SRR MR R B ARG I 5 0 2 o A A
BIZESE . FEH P A R 79 Bk R R B S O R B AS A 68 AR TR ECE S 11 kL, AR 6 TT DL .
T K 1) B R 22 43 A F B RO T8 38 B o7 1 O AR Sy B 1 AL L 3K R T X B A R 2R 5 A AR ™
(S P ) R, A D A T RS I s A5 DGR B I A v B A A s B R R R R 1 A s AT
BT WA . AR E RS Y 68 BRARE A I Sy RO A3 A A 51 Bk BB B IR A A A 17 Bk FEHL S =
HAT 1T RRAREAC DR Ay B A (] BT R Y A TSR AT AR A T B LAR A I S 1 68 AR A 1) T T ek 4K
5 S g R AT I . B 7 IR T R B v BN S5 BT R 22 1.99 em.,

F 1R 17 R B R A A 15 43 A B AR AN T i TR A B R R A A T ik b SR R A Al
FOEL & 45 R . Hd 1,3.5,6,7,14,15,26,34,51 SR AR [ 38 B 5 75 M AR Al 1125 2R 09 AH X iR 25 2 T 50
4l RGP0 & i B A 0 BT A X IR 25 R 4.04 %0, J5 B AR 25 R 8.74% . RIE MG IR [ 35 K ik
G5 L B S X R R 22 L PR R LA A RRAR T 4.7 % . PIRN RIS B 2 S RS R A R 25 AR .

082803-6



BN SHEBEIZHE
9,18,36,42,49,50 3X 6 BEH H4L R I G245 R oL, Hov 36,42,49,50 50 A M b 1 350 H 38 B L B
IR T 30 m, 24 15 48 KA A A 2 28 P R I TD st 2 i 155 DO 18 o, 33k B AR 4 5 e i R 8L A A L 50 SR
T A2 5 BE B 0 2 T A GBE 4 A R A B S 0 S s B L AR SE G 45 R NT LA L A T B Al [ LA
B A6 30 m JE I AR SCOT EEAE AR A SRS B B A R AR

53, 082803(2016) www.opticsjournal.net

60
50 o,
© o
40 ° o % °o°°o
o, ° 00 %o ¢
g 30 00000 0ooeo oo ®e %o
> 20 e 0% o 9,0 o
© o e
e o o ° °
10 o8 % % ° 0. %o
0 . °080° "0 e o
o
-10

-10 0 10 20 30 40 50 60 70
X/m

‘0’ represents the salix position in the experimental area, whose size represents DBH;
‘+’ represents the salix position where DBH point cloud transect conforms to the circular distribution;
‘A’ represents the salix position where DBH point cloud transect conforms to the elliptical distribution;
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Table 1 DBH estimation results of partial trees obtained by different methods

Adaptive method Circular fitting

Tree No.  DBH reference /cm Relative error /% Relative error /%
estimation /cm estimation /cm
1 23.55 20.22 14.16 19.23 18.38
2 22.76 23.48 3.17 22.11 2.84
3 23.55 23.62 0.28 22.24 5.60
5 22.92 22.20 3.13 21.97 4.15
6 23.49 20.62 12.22 20.35 13.36
7 22.76 21.50 5.53 20.48 10.03
9 28.97 27.02 6.72 28.04 3.20
14 17.19 17.00 1.10 15.59 9.30
15 17.19 17.26 0.41 16.01 6.84
18 23.24 22.16 4.63 23.14 0.41
26 18.14 18.08 0.35 17.06 5.98
34 24.19 23.78 1.70 23.18 4.18
36 19.48 20.48 5.13 19.03 2.34
42 17.19 16.02 6.80 17.46 1.58
49 21.01 22.62 7.67 22.09 5.13
50 15.44 16.72 8.30 15.59 0.98
51 18.30 18.02 1.55 16.54 9.61
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