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Performance Analysis of Calculation Method for DBH of Standing Tree
Based on Two Dimensional Laser Scanning

SUN Hao LIU Jinhao HUANG Qingqing ZHAO Ke
(School of Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: Study on tree DBH algorithm based on two-dimensional laser has engineering significance to
forestry surveying. In order to solve the problem that the performance of algorithm can not be evaluated
effectively when the trunk was taken as the measurement target. Five kinds of PVC tubes were scanned
with laser scanning radar. Two kinds of geometric methods ( tangent method and arc length method) and
fitting method ( Taubin ), which are commonly used at present, corresponding four optimization
algorithms were used to calculate diameter. The error and suitable range of the algorithm were analyzed
and the performance of various algorithms was assessed. Results showed that Taubin algorithm had the
highest precision, considering all samples the mean absolute error was 4.89% . It had the highest
precision when measuring distance rang from 3 m to 6 m in which the mean absolute error was 3. 62% .
The errors of all calculation methods were relatively high when the pipe diameter was less than 200 mm
and measuring distance was less than 2 m. The mean absolute error of Taubin method was 10. 59% , the
mean absolute error of optimized arc length method and tangent method were 14.03% and 13.47% ,
respectively. The accuracies of measured values of radius were greatly improved when measuring distance
was further than 2 m. The mean absolute error of the Taubin algorithm was reduced below 6% .
Experimental results showed that the Taubin algorithm had the highest accuracy and stability in all
methods, which was valuable for engineering applications.

Key words: DBH of standing tree; two dimensional laser scanning; geometry algorithm; performance

analysis

W H . 2017 —05-08 & [a] H . 2017 —06 — 12

EEWMB : Mol s AT L BB 5 42 2% 351 H (201504508 ) F1 - = #1.7 E ZRHE #1135 H (2015BAD07B00)
TEER N PG (1989—) 5B -, E 2R ZRAR TR & S A 2L 5T, E-mail : 251045257 @ qq. com

BEMEE: N (1958—) 5, #8214 A4 S0, B2 G ML 3 45 B 3h ik X GEAL T 5% , E-mail ; liujinhao@ vip. 163. com



5 8 1

NI A5 BT T RO A SR B AR T T I R RE T 187

5l

W7 BL 2 B R B % R, O H R i TR A
£ £ 90 B B 7 T AE ML I B RS2 B 2 e T . 7R
WS S, SEAR AR R A R bR, K
S LUK, 7 A I 42 0 SR PR A2 RS R TR T
DA ORI, T8O 43 5 A0 AT Db 3o 2 2 3t 3o Ao
BT, U0 DK ) 5 2 oo R O R 1
B 5 B N P R SRS A

S A A 0 e X ML A G R A TR X,
X 3 2 ) bR SR AR B AR R Y AT,
O KRR 3 T WO AR 7 A B2 5
JrEHEATHR AR O L R O HE AT I A
T 9 7K T VI T B A A o R 3 e A B IR IR
2k 15 850 B AT ST R AR e s e
(A e D £ 0 3 T LA 4 g - T LA 92 5 [ 4
E P S 2 B Bk AT S B A
ZUWF PR 7 X . RS, B LA ik
SRS B AR E L T IR LA B, o N
i 05 B 90 A AR, O D L A L BT
MR TIR E ke g R Em " RAZ
YA, B A A T LAk &R
VT BN B T B B A R R, Y R T
G, 1T 2 TR BEE Al T, B B 5 7 L
Sk 5 2 DR R T o A B 9 R ek AR RS 4 B
T e G I [ G A M A, R 25 A o L
PR RS T IR R A T SR
75 B A, X 2 B B E T LA K I
BSOS . RINGDAHL 28 g 57 %3 1y )5 31, %o
B E T B 5 S HEAT V5 a5 L SE AR M A2
HEAT X LG, TR 357158 25 J5 /IMELAE o B A 5 0 14 Bt
ZF RS AL T SRR P TG S M A R
s RO S PR PR AR 5 o 0 A g B
5 BB R ) 6 ZR S Ao LA 35 % IE R
BA AT Oy e A — B SR, 4 I B
BB, B T bR 0 4% B 0 WA AR S
() 235 SRR J3E R X A5 0, T D b B2 0
WA o % H AR SR 22 U 45t SR 2408 T o, T A A 3%
ARG B ML 5 2%

H R 0 55 v 30 S s o 76 A% T 78 — A
W I3 — R B L 2 b T S b BT T % 1
AR B8, 2 S i DR 22 e B 8 00 A R
A0 T AT 5 0 [ s A S T R 0 DR S k2 J5E I
3 BT X b 2 AR R E B — A i SO, S
A LURS B 1R B H B 0 2 A E SR E TR 2 . A
T3 G 0 b 3 T PR 20 A v e B A B, AR

il

SR RSO 31 18 1300 22 A 4 o o (52 A 490 A
A, ] 22 b AT AR e A Bk DR
JE S RRE M2 5, O S AR i A 4 A B S HE

1 HRAE

1.1 MENEE

SRR 48 [E SICK 4 w] A 72 iy LMS511 — 20100
PRO BUBOGH &k, i@ TCP/IP Ppill i A7 ik,
K 24 V BRI, ZAERTRIE R -5° ~
185°, ff B /3 BE3 2 0. 166 7°, 7] & i HAZE 4 13 mm
A OGBS A B 0.264°, 1 ~10 m B 58310 #E 5%
270 6 mm,20 ~30 m [0 BE 1R 208 14 mm, ) F %
6 St 3t e T WO IR N ER RSB 0 BN B R A,
L A O B 8 4 A AR BE T FR AT U SO O
A B AT O B s Pl 4R A B, IR B AT S 66 mm
it
1.2 ZWigit

TSN 2% o Bk T A B AN R R R R
Xf P 7 SR AT R H A b, S 2 S Oy T
ST B BRR RN AR R AN I B AR B H AR %
HERON PR ICE T OGRS R, AR I 2R
FEATEN R 0E 85 B350 03 A s R T & Rt 7 &
HEAT A RO b, SR T — 2 RE AL I A | I I R A
A, LA 850k /N B 55 S SO BE DL IR 2% .

AT LS PRy PVC RS AR5 1 4
SR P T ~10 m IR AP K 1 m, 3t 10
i) i R R, S R OBS B AP AR I & 100 K,
PVC & 2 B IR CE THOC Tk HT, &l 1R,

HOEHIM A

K1 {may
Fig. 1 Experiment scene

Kt A B.C.D.ERE L5754 110,160,200
250,310 mm , % JEOE & S w5 AL B S WOGHE R
RTINS PVC IR BN L - 66 mm, Hrp L
B A I BE RS, N ] Matlab 2175 %t B A4 PVC

B s R AT R S AR B
5 2 S, M H AR AR SR DL B S Rl A
) PVC A ¥ PVC 48 BEDL A E T OB & ik



188 & A Bl B ¥ i

2017 4

FiJ5 1 ~8 m JEHPY, M 70 41,3 350 MREA, &
B B A Fh AR 22 0 k100 Y, X AN 1 om il g 3
S Rl A 1R EA TR 22 4047
1.3 HETEHZE

o7 FH JLART 32 01 B 005 1 0 B B A AT . UL
fi] g B D4 i K B FOWA 3% 35 3 Fhe WFoE %
WY, XA 3% T e AR T oAt 2 by i, e
Mo [BBLAE L HETA 2R, 010 ACE 2 5/
“ ek Hough A8 ek 3T IR JLAT A B 14 i
5 RSCR /N TR o XA R 5 B AT A
JERME , — o R 8 8 R, A7 S BE A,
& T A T — R o R 3l i A S OGE TR
A
1.3.1 ¥4y

DI AR WO 5 25 v B R W55 0
EELARY) T Hbr R mE ™ iAol
sin( A9/2)

d =2pmi.,m (1)
A AG——BOLHE B AR B 7 7 A 256
P i UROCTE I B fie/IME
d—B Hit
A IE N
« = arcsin (mei"; i ) -A6/2 (2)
Af d—HEHSHE
1.3.2 K&

IR DA = B R Bl 191 S8 D R AR AR R
FEIRRAE S H AR BLAR , I Fi % 1z ) 8.0 A O 1 R
Bt o7 Ly Je i P B AR R

d=(n-1)AB(p, +p,)/2 (3)
Xrp AB—BOLH B A PR
pi o, R EBETE KR
B A
AMESI AN
d, n—1)A
as +pn_( 2) B
1.3.3  [R4G: M A FE R

e/ e — R R A B R 3l i Rk
R 22 17 J7 ROk SRR i S 8C E . H T Y
AN RVEAR Z AN R Bk ) 1 DX 5 Sk 4R A SR e T
KB J7 A ), A8 CR AT Taubin 5 32 % (6]
(RIS

G FE A S 5 A B B A A2 R 0 T 2
0,<0,05,0,=0, +a;4 0, >0,8,0,=0, —a, HHf
0, 0% i NN, o WAMES L, s TP
BIR/NR T BT o RN A B R Ut

n

(4)

L EAMEFES (), a,, 0, a,), 2R E A
F01 AR, B i BT A L S 1Y) A R A O e A A A
ST AR

BT BARTH S A3 T B A4 2 Fh LA
2O L VA U1k TD) (1 Bl 84 2% ( Taubin 41
B TA) Jo 4 Fofp 55 G 07 1) £ A6 1 5 125 (o BE kM
IR TE VAAM ) JE A2 DT 2k 1% TDAM | 42 38 A J8 4
f2% Taubin 7% TAAM 3 2% ff 5 %M Taubin 3: TAEM)

2 HRE5OMW

2.1 REMZER

JUAA] 32 5 0065 125 1) 4% 5 A M2 £ G R 25 0 A
K2 iR

4 i iy B R B AR R R O 48 B0 oR BB Y
25 RIS [R) B A3 1 o 3 D 2 (L B 0 3 B 8 70 Ak e B A
MR BENL M, BB R ERm, RARKEYS
Taubin 31 % 5 #0215 i 81545 7Y 14 505 00 B2 AR X6 4
U o N[0 A28 1 R A D0 5L B8 B 1 40 A R AE 5
P 25 1 A B B R — B, IR T B O AR
U T S R AR HEAT AL, L S B R X AR
B S T R A SO T A BE 4 BE Rl 0. 166 7°, 15
F A 2B G R R 43 9 R 0,333,
R AT AR TR (g 4L O B AR, (R AT 4R T A X L Awf
BEUA LT —EBRENBIE,
2.2 MEEBEMEXRENZN

Y T LA 5 55 4006 12 1 i BN ) B ko
Ak MERE S AE AR R MR, HARN 3 R B
THER 5 v 55 AR N7 A A A2 A 3 R 22 AN 1] 3 T
R

3 RW], AP JLAT 3L 5 Taubin i1 2% g b 25
2 R 25 d R, LR 2 B DU o R 1 3G o 1 K,
1 TLART 35 i P 5 70 Ak VA B S A DU
3 ~6 m B}, Taubin 53605 B i o LA 6 9 DAL AL
RA W MR RN 1 ~3 m B, PR LA 1
-4 X 1R 25 KT 10% T AR S Sk R 3 LA
PR 22 A, P 4 X R 22 7E 8% LR, Hiep
P06 1% 1 I A KSR B sy, TA L TAEM Rl TAAM 3 (1
45 4 X R 25 4 Bk 6. 27% 6. 19% F1 5.38% , 4>
S MY Taubin 55008 B e o W B B KT
3 m B, 3% RUHME Y Taubin S75 K BE B W/, ©
AN BA TN E ; Taubin 595 5 H 2B A 1E
RS B B, O 3 4 xR 25 4y B R 4.35%
4.79% , M 5t 5% 2 I 000 ek B 48 s AT 4 K AN
TR R % 1 R Ak SR I RS BB R =2, O A xR
LYK 6. 54% F1 7. 00% 15 2% bt I 2 B 5 448 o 3%
AW Rk,



5 8 1 NI A5 BT T RO A SR B AR T T I R RE T 189

110 mm 160 mm 200 mm N 110 mm 160 mm 200 mm
250 mm 310 mm ALk 250 mm 310 mm Gtk

y 0.142+0.01z*

5 6 17
MR 25 /m

110 mm 160 mm 200 mm S 110 mm 160 mm 200 mm
250 mm 310 mm ALk 250 mm 310 mm Ak

Y=

R2

31-0.88+0.06x

2 IR EAR Y AR B AN LA i

Fig.2 Fitting curves of compensation angle of different diameters
IR /I 5 0 Ay A T X VR ORE B A AR Y
AN 110 mm B, Taubin 553 (Y F X 26 X 58 22 4
8. 129 , Hi 4 3 mi AME B PO B By, P B 2 %) 152 22
N 6.96% NEEA — & e E o PR LA G A 537 K
Z B IR EAE 8% ~ 10% Z A, &Rk T4
T 160 mm [, Taubin 58234 & fe i, Hrp 12
250 mm 1 310 mm B, 572 4 %5 22 45 51 K 3. 10%
34 4.5 5.6 627 78 12.99% & 1E G A RIZR2ZH B8, & ER%
3 %ﬂjé@i'ﬂﬂiﬂﬁ%ﬁ’ﬂﬁ% f?@gfﬂ?ﬁ{jﬁ{%iﬁ%ﬁ%;ﬁﬁﬁ 110 mm Hﬂf’tﬂé};
Fig.3 Variation of absolute error with measured distance IR REAT L i 22, 69% 4t 1 9. 80% , 9L I IS L
H 22. 69% (=% 8. 54% , I LLFE Y, AR TN A

2.3 HNERERMERRENZN JE R Bl BE SR TS AP SR /N T Taubin By ks e
HR AR ORI SRR SRR E I )y mopimam e
AR A T S B IR S O K A R

GIRIRE IR, S PRI A RIRER AR o a8 S W RIS, T

A & P o o LR A 0, 5 58 24 L 7t O
A4 T BRI D e B EE ORI i e g s 5292 15 90 B0 8 9 L 0 B 120 5

B S 9 T 7 0 4 20 O 3R LI
R MO SR  3  S F A B  AE Ay 7
A L 1,

W 1B S T4 T 200 mm, BB
B 1 -2 m I, 3 2 Taubin 37 956 5 LA i 44
U B 1525 el Taubin 3 9 F-19 4 %4 1522 o
10.59% |, H O3 K 1 5 01 1 F B9 08§22 43

110 160 200 250 310

B /mm %Uﬂ‘j 14.03% *ﬂ 13.47% 5 %%Xékﬂ: 200 mm HTJ‘,

R4 S84 0154 2% B A 2 1 A2 1k Taubin 5535 5 JUME IE 2 I R 22N T 5% o A
Fig.4 Variation of mean absolute error with PVC diameter AE B EOCHM B A, ~ 10 m 38 B P R R



190 PSS A1 M | = O 14 20174
x1 AREEREL
Tab.1 Error comparison for different algorithms %

& 4% /mm I B B /m TA TD VA TAAM TAEM TDAM VAAM
1~2 8.57 13.61 13.48 5.49 3.66 10. 89 8.02

2~3 7.33 16. 84 17.39 3.48 9.57 8.76 7.15

3~4 5.80 23.73 24.21 4.05 15.13 11.90 9.75

110 4 ~5 5.69 23.12 23.51 5.30 18.01 9. 64 8.25
5~6 6.27 23.90 24.22 7.43 24.59 8. 82 8.00

6~7 11.03 20. 62 20. 85 13. 44 28.12 6. 69 6. 82

7~8 12.17 35.02 35.19 9.59 41.00 11.92 11.77

1~2 10. 79 12. 67 13.02 11. 04 10.93 12.09 12.13

2~3 6.53 13.17 13. 67 5. 81 7.88 8. 83 8.01

3~4 3.35 15.89 16.24 4.46 10. 15 8.93 7.82

160 4~5 2.73 15.59 16. 17 2.54 5.09 5.76 5.09
5~6 3.26 15.71 16. 18 5.23 11. 62 4.11 3.89

6~7 4.23 13. 68 14. 04 5.76 13. 69 2.97 3.05

7~8 9.14 21.02 21.35 8.50 17.51 7.24 7.24

1~2 12. 41 14.13 15.58 10.93 10. 85 11.31 10. 96

2~3 2.42 10. 64 11. 68 2.56 3.85 5.47 4.95

3~4 2.89 12.90 13.75 2.73 5.34 6.42 5.88

200 4 ~5 2.93 12. 81 13.52 2.91 4.63 5.19 4.84
5~6 2.89 19. 31 19.92 4.48 7.32 10. 90 10. 94

6~7 3.86 10. 48 10. 70 3.70 6.13 4. 66 4.78

7~8 4.32 15.52 15.87 2.98 5.75 6.17 6.35

1~2 2.33 5.07 6. 86 1.47 1.82 2.83 3.34

2~3 6.37 10.22 11. 19 6.21 6.98 6.82 6.81

3~4 2.25 9.15 10. 24 3.47 5.00 3.73 3.78

250 4 ~5 4.12 10. 46 11.16 4. 69 6.53 5.28 5.28
5~6 1.57 10. 40 11. 09 3.04 4.30 3.52 3.66

6~7 3.20 11.17 11.71 3.97 6. 65 3.57 3.73

7~8 1.87 14.34 14. 81 3.28 6.59 6.13 6.32

1~2 4. 06 5.76 7.92 4.42 3.60 3.80 4.61

2~3 1.85 5.95 7.57 2.39 2.77 2.56 3.26

3~4 4.37 7.88 9.19 5.52 5.79 4.42 4.69

310 4~5 2.75 7.91 8.98 3.33 3.61 3.05 3.28
5~6 3.40 16.39 11.27 4.33 5.89 12.18 6.45

6 ~7 2.61 17.95 17.85 2.97 4.38 15.09 14. 46

7~8 1.93 9.42 9.81 2.09 3.99 7.30 7.33

ZE 20 6 mm , 2548 A5 R B B/ I R 22
002 B A A Y LU AR R B, B AR T Al A
52 IR A A E o PRI, o TR B B 9 s,
TSR F AR AR 7 i, e R R A BRI 22
IR R T 2 m W, Taubin 3 i) F 3 26 X
REFEF] 6% LAT o HIN AR F B RO @ T LA
%o XIS LT BRAE AR 8 110 mm RLAE,
HAR I oy I &R 2N T 8% o L REN I,
Taubin 59kt TGk, 58S Z 5 0T A
S BT RRCRAN T ILR R o X T LA ik B RS
JE bW/ T Taubin 803%  {H 3+ 50880 R B0, 6K 2
SRS vy HL U I ORI Ol . 20 R
KT 6 m B, Taubin 5335 AR5 B2 15 55 PRI AT FEAIK,
SH P 90 A A, O B R 2 R, G o 0
B H AR ELAR R LU A TR, S BOR AR AR
i bk JUE d AU T A e 2 AN
{5055 LA AR 1 Kdk B o e B AR B
AR IR Z AN BK o Taubin 53k (] H AR
A A D R TR 2 B i G
B b UG, A R D RO N, B A

K ESRE M. X T Taubin 351 AMER L, i T
1% m3 05 0 A R 25 B AT BE AL AR AE A 5L — b i 1
(R A TR, PR I, Taubin B3k 09 42 3005 4295 5
Taubin 5K B2 AT, 1 HE 1 % b B2 0k IO RS I
171 R R B, A B AT AR T ML

ZEWIE

XL T H A3 AR R SR AR R B
T3 R N7 P A R R e B 1, P o (B
T PVCAEAE g i i H AR, 0 2% 5 125 1 11 50KG 32
53& TG #4770 8 o A BEAME S Taubin 53 7E 7
T 77 28 vhoRG BE e e, THORDRG BE E DU 6 R S 1 A8 AR
6 R R BB . TH RO B SR R ) e R e
S8 T i 2 B 0, 4R e I PR S R B A
WA, Horp R B 3 ~ 6 m Bk B e, B T
R o, T SRR TE Gl nY BE B, DUME T 315 B
IS R . B bR EAR R UK A B, JL
ATk 5 40 G T H SRS B2 I 5 H AR 09 BLAR R R
B B, 445 42 /N T 200 mm B, Taubin 4> 38 55 #b
PERBERE RS, Y8 B KT % T 200 mm &,

3

IS7A
7



5 8 1) PG A BT AR BOR TN B9 SR IR 5 ik RE 0 AT 191

Taubin ERFE e o X FHTA R SR B/NEI T S 000 B R 32 71, Taubin 5995 (9 2 46 3 i
REEE/NT2 m i a5 REORRZE I 2R 6% IR o SChr TR, fl B /MR 9 H
LS VVEE BORRTJE RNR B ST (A 2R 22 588 AR, 00 B 0 R

KT Taubin 3. HEHE KT 2 m i, 54 A5

10

11

12

14

15

16

17

19

20

21

22

& % x Wt

HELLSTROM T, RINGDAHL O. Follow the past: a path tracking algorithm for autonomous forest vehicles [ J]. International
Journal of Vehicle Autonomous System, 2006, 4(2) . 216 —224.
SPRIGGS R A, VANDERWEL M C, JONES T A, et al. A simple area-based model for predicting airborne LiDAR first returns
from stem diameter distributions: an example study in an uneven-aged, mixed temperate forest[ J]. Canadian Journal of Forest
Research, 2015, 45(10) : 1338 - 1350.
ZHENG Y L, LIU J H, ZHANG S, et al. Extraction of trees stem diameters at breast height by terrestrial laser sensor for selective
cutting[ J]. Sensors and Transducers Journal, 2014, 164(2) . 65 -70.
MATTI O, MIKKO M, KOSTI K, et al. Tree measurement and simultaneous localization and mapping system for forest harvesters
[ C]// The 6th International Conference on Field and Service Robotics, 2008, 42. 369 —378.
THOMAS H, PAR L, TOMAS N, et al. Autonomous forest vehicles: historic, envisioned, and state-of-the-art[ J|. International
Journal of Forest Engineering, 2009, 20(1) : 31 -38.
THOMAS H, OLA R. Real-time path planning using a simulator-in-the-loop[ J]. International Journal of Vehicle Autonomous
Systems, 2009, 7(1) . 56 —72.
HENNING J G, RADTKE P J. Detailed stem measurements of standing trees from ground-based scanning lidar [ J]. Forest
Science, 2006, 52(1): 67 -80.
BRI, BB, £75, 5. W RIS LR SN R B HI 07 (1] el TH#E%4R ,2010,26(12) :173 - 177.
ZHAT Changyuan, ZHAO Chunjiang, WANG Xiu,et al. Probing method of tree spray target profile[ J]. Transactions of the CSAE,
2010, 26(12) : 173 = 177. (in Chinese)
FER) A, E AR BETORSE =B kS R AL B SR B AR D R U7 3 [ J/OL ] AR AR 24 4, 2013 ,44(7) 1241 -
245. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no =20130742&flag = 1. DOI:10. 6041/j. issn. 1000-
1298.2013.07.042.
WANG Jianli, LI Ting, WANG Dian, et al. Measuring algorithm for tree’ s diameterat breast heightbased on optical triangular
method and image processing[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(7) . 241 - 245.
(in Chinese)
RIS G PR T RO AR AL B R A B A2 AR I 1: [ /0L ] R AL % 4R ,2015,46(9) :266 - 272. hitp: / www. j-csam.
org/jesam/ ch/reader/view_abstract. aspx? file_no =20150939&flag =1. DOI:10.6041/j. issn. 1000-1298.2015. 09. 039.
HUANG Xiaodong, FENG Zhongke. Obtainment of sample tree’ s DBH based on digital camera[ J/OL]. Transactions of the
Chinese Society for Agricultural Machinery, 2015, 46(9) : 266 —272. (in Chinese)
JUTILA J, KANNAS K, VISALA A. Tree measurement in forest by 2D laser scanning [ C] // International Symposium on
Computational Intelligence in Robotics and Automation, 2007 ;491 - 496.
BRUNNER A, GIZACHEW B. Rapid detection of stand density, tree positions, and tree diameter with a 2D terrestrial laser
scanner[ J]. European Journal of Forest Research, 2014, 133(5) .:819 —831.
SIMONSE M, ASCHOFF T, SPIECKER H, et al. Automatic determination of forest inventory parameters using terrestrial laser
scanning[ C] // Proceedings of the Scandlaser Scientific Workshop on Airborne Laser Scanning of Forests, 2003, 6:251 —257.
SCHILLING A, SCHMIDT A, MAAS H G. Automatic Tree detection and diameter estimation in terrestrial laser scanner point
clouds[ C] // Computer Vision Winter Workshop, 2011 75 - 83.
ASCHOFF T, THIES M, SPIECKER H. Describing forest stands using terrestrial laser-scanning[ J]. International Archives of
Photogrammetry, 2004, 35(5) . 237 - 241.
MASS H G, BIENERT A, SCHELLER S, et al. Automatic forest inventory parameter determination from terrestrial laser scanner
data[ J]. International Journal of Remote Sensing, 2008 ,29(5) :1579 — 1593.
ANTONARAKIS A S. Evaluating forest biometrics obtained from ground lidar in complex riparian forests[ J ]. Remote Sensing
Letters, 2011, 2(1) . 61 =70.
YAO T, YANG X, ZHAO F, et al. Measuring forest structure and biomass in New England forest stands using Echidna ground-
based lidar[ J]. Remote Sensing of Environment, 2011, 115(11) ;: 2965 -2974.
JUPP D L., CULVENOR D S, LOVELL J L, et al. Estimating forest LAI profiles and structural parameters using a ground-based
laser called Echidna[ J]. Tree Physiology, 2009, 29(2) . 171 - 181.
RINGDAHL O, HOHNLOSER P, THOMAS H, et al. Enhanced algorithms for estimating tree trunk diameter using 2D laser
scanner[ J]. Remote Sensing, 2013, 5(10) . 4839 - 4856.
FME, FREWE 25 S0, S BT 2D OB RN AY 3L R B AR LA SR R 4K [J/OL] . ROb LM 4 ,2016,47 (6) : 290 - 296.
http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no = 20160638 &flag = 1. DOI:10. 6041/j. issn. 1000-1298.
2016.06.038.
WANG Yaxiong, KANG Feng, LI Wenbin, et al. Optimization of geometry algorithm for DBH of standing tree on 2D laser
detection[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(6) : 290 —296. (in Chinese)
TAUBIN G. Estimation of planar curves, surfaces, and nonplanar space curves defined by implicit equations with applications to
edge and range image segmentation[ J]. TEEE Transactions on Pattern Analysis and Machine Intelligence, 1991, 13(11) . 1115 - 1138.



