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Measuring method of multiple trees attributes based on structure from motion
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Abstract: [Objective] Tree attributes are generally measured by obtaining the tree height and DBH using a
method based on three-dimensional point cloud, which is featured with either low efficiency or high cost. To
solve this problem, this study is aimed to propose a measuring method of multiple trees attributes based on
Structure from Motion. [Method] Firstly, a smart phone was used to shoot a video of a scene with multiple
trees before its key frame images were automatically extracted using the fixed-frame sampling and dHash
algorithm; Secondly, such key frame images of the trees were processed on the basis of structure from motion
(SfM) algorithm to obtain the original 3D point cloud of the scene; Thirdly, after the pre-procession and initial
segmentation of the original 3D point cloud, the conditional European clustering algorithm is used to segment

the 3D point cloud of multiple trees to extract the 3D point cloud of a single tree; Finally, the most value
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traversal method and ellipse fitting method were employed to deal with the tree 3D point cloud to realize the
automatic measurement of tree height and DBH. [Result] Compared with real values, the mean relative errors
oftree height and DBH measured using this method are 1.96% and 3.19%, the root mean square errors were 0.133 3
m and 0.533 7 cm whereas the correlation coefficients were 0.9879 and 0.962 1 respectively. [Conclusion] This
method, with high measurement accuracy of tree height and DBH, serves as a convenient and low-cost three-
dimensional measurement method for multiple trees attributes. [Ch, 6 fig. 1 tab. 27 ref.]

Key words: tree attribute measurement; video key frame; structure from motion (SfM); point cloud segmentation
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Figure 1  Schematic diagram of shooting route
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Figure 2 Flow chart of creating 3D point cloud of trees



55 39 55 4 1] SRR S T IB BRI G5 Z2 RS A - IR T vk 795

S B AIPLN S K 128 (4) SRASAR TSGR E F1, X E $E4787 SE G A5 2058 2 b8 RS AT
1 IR EME B ARPLIEFE FE [ R AR ) & T
E=K"FK. (4)
TEN LA [, nhE s (5) SRS 2 NEVLI B AR Py A1 P, -
P, =K]I, 0]
{5=ijj°
Wik P, A1 Py #ENT YEVCHL 5 x A1 xR G ) = 4E S [R5 X 2R
{ x=P X
x' =PX °
TR VTIC S x A x B SFIR AR [u, v, 117 S [w!, v, 1T ARA LS, 15
Pizu— Py
Pi3v—Pyp
Py’ — Py
P23V’ — P2
KT H: Py Py Psie P BOATINE, X} A 4787 SRR 5 15 2 — 4k RMGRRIE 5 00 = HE e b .
QMAF B EG . RIEFIMA R —IEEG S 2 B E—iREMR EARRE SRR C R, RIS EHI

(5

(6)

X=AX=0, D)

T X R MG L R T A x, R A T S A = A AR AR (8) MISRAS SRS P, SRIGEA
it FH A SR QAP (4 5 T AR A 8 PG - LA R T A DG i o5 B = 4k AR A
x=P;X, (8)
@FIHIEH -2 (bundle adjustment, BA)> BILBEATHEAMIEE , WML E R, T HIE 8 =4k
ABBRIIR 22 . T =4 S o F R L G O B A B AR R LA e kR, RE TR S A

e Z AR, IR e ME L SE i, BP:
minzn:i(xij—Pin)zo (9)
i=1 j=1

O T xR STES j RIS ERYARAR, PORSCEAERE , X O N RHIE SR =B AR bR .
IR B HAT —REARAEE, Yr A BMREE SRS, IR AT R, LS f AR
=4SN,

O=4k 5 =W, RHAZOMATIRERERE (cluster multi-view stereo, CMVS) FIZ 40 M R
(patch-based multi-view stereo, PMVS) Xif T H e (18 55 1, 2= 11 TR 23 ALY
1.3 MRS EHIELE
131 EZBEFLE HTVUAGR =g ABHRRR, KA TIFZMA N, Haobiily g i
=R T . RE EWAEA—E, BT EX S SRR T IR 0 IR IE | Abri
iE. FIRIESESAC I, D S e mkas T E . ORH S4B AR RIS I S s TR R B R
B A s B A R s K U T IR RIS, B =R RS RS MAR AT
BT s, FIHEOACERZ IR R WAL, SXREITA I =4k o AR R A AR A E O
o QEME, I ERIEEASAT X, Y. Z BENER ST, X SR 0 ST AR R X, M
oM A R SR AT IR U U VA R BR B MR R N, TR R IR S MR AL py, TR KR
50) A4 A BIFE B d (py), RSB EE RIRM = 504, 1 PR M (v) FIbRiE2ZE (o), Q1SR
X LE SRR () KT BIE C(C i, WO 1), WPl B 258k . OMAAREGIE . B 5EHEAT
MBS SR L BIAL IE ,  FBCE YR SEBR RS b, FBCE PR L RSE Ay, 15 21 A8 A5 46 5 LE 4]
r=hy/hy, TEFEAT A R -0 B 1] 4 H K 085 3 5 S BRAR R A RUBE . @5 AR AE o 1A =4k i B
UL W) = 4E A by, IFFET R4 7 BT (principal component analysis, PCA) ) 5 = A 347 O
b, SRS S BRI Ty 25 50 M R AR AR IR ) o, RRAE ) o R Sr R = 4R s R T ), AR S
J7 ] B B e A R B M, B RS R Py LA S D B e B Oy m 60 B, SRR 4 s
FR P =MP,.



796 WroIL R R K A R 2022 4E 8 H 20 H

132 Z#iAREE5E WAHG W =488 BRI & 20k HR ST AR ST, T ZE T =40
H), AR R =4k . B e 0 RANSAC B 1 S = Ba M — 1w, RS REUS T
ZOPH NS, IR IS = 550 R S w7026 50 85

R E GBI s, TR = KA B BABEY, RIS AR = Z AR E R, Rk, AR
53 25 1) 5 A IR LB 2 SR FH AR RO L AR SR R BIL AT Z MR R =4 i B35 . X T =4S =i —
P, i KD BRI =4S m S PG kA, XSS P SRR AN T A J W RS 5
G oW, RIGMNES O PEEUS P LAMY S, EE Rk, HERES O P BRI, R
R BEEHR, BaB 2 K =4S = BIARN S B A, IHRBGE SRk A =48 =
14 AKREFNE
141 ZARZHERB WAL z 5 ) 0 i i SRR M 22 R S B, &l 3 iR, BT Al
2 MBI IE S BRAR ST A I AE K DT 38 2 A IE T A — 8, BT RIS E A T oxy FTE, I LASRECH
HRRSIAR S )5, WA A, BRI A 2 S AR bR A B KA S B/ M, I 25 (E A0 4 XHE B0 A LR
SEARBITEE b (h=|Zuax—Zominl) o
142 S ARMZFRIC BTN FREHITE 1.3 m A4S I B 9 55 KB AR/ IME S-S50 Ho s, anfsl 4
FoR o TERRRRSL AR =4S =, FIHRIER B L] 3R15 1.3 m b sl = 4645 . z=1.3/r0 XX ALK
3em JBEEMIVI R, RIEFHE SV R E oxy Vi, FIHAEL A /N T 104 T4 [ 40075 2K A A 51—
W AP+Bxy+Cy+Dx+Ey+1=0, HH: 4, B, C. D, E ZFRMESE . KW —8 #2205,
HRAE = (10) AT (1) SRATA B A9 B2 5l o A A b
BE -2CD
T 4AC-B
BD -2AE
T 4c-B

c
(10

Yc

2@x£+cxﬂ+3xgg—g

a* =
A+C+ +(A-C)?+B2 an
2 2 °
2@xc+cn:+aan—g
b =
A+C—JA=-C2+ B
SRR [5R] %) Je  A5  l 4F ELAE R S AR Y B3 sASERBRTEA
H@ﬁé ( @) : <D=(a+b)/ 2, Figure 3 Schematic diagram of tree height extraction
80 SR
—48.1 T o EiRER it
482 :
—48.3
—~
—48.4
- -48.5
—48.6
—48.7

0.8 0.9 1.0 1.1 1.2 1.3

B4 MRERBRTZEHR
Figure 4 Schematic diagram of tree DBH extraction
1.5 HiEERTIA
FFHAEF-& Visual Studio 2017 A THEHLALGE Opency [ HE B A S Bt it G Ik Tz sh ik 2
SRR =i FE T CHITIE R = (point cloud library, PCL) X i = ¥l #E 47 Pl ab 2L K% 43
HIHRAE



5539 B 4 1)

SRR R e TIB BRI S5 22 MRS A IR TR D7 7k 797

2 HERGaH
21 MARZHERVELER

SEARBA G MR IS, BT B sk R 45
AR ARG 5 = 4E S s WK SA s . ATLLER
MZEIG =R MU T 4K, s T
MO . TR KBS A A. HE 5B TR s #EAT AR
= FREEZIE BB T 20 345, XA
SEAR S S A PRI, HA B B S =
BCIIERR T 15 5 R m B B s i, s s A
By AR 2] TR GE (%35 D R S R B s K
BT, JoRE AR s s T R E k).
Kl 5C S f HLTH 2 = 5 R s = AT A 4 B e 1Y
5, ¥ 5D J sl il i SRR LI AR IR/ 4y
FE SR 4 BRSTA
22 MARBEFNEBEESH

H 1AL 2k TH 545 H R e 0 £ 1) 266 % 13
F£4 0.03~0.24 m, I {E -5 5L PR A 2 (8] A AR 0T 1 22
H 0.63%~3.93%, F-IIAXRIR2E R 1.96%. &
S ESVA L L SCBREAR, SR R R R et TS Y s
MR D, S8 ) = G S 2 AR R R TS 48k A
Bii, 7R = A BRI B oA M S B, IR HAE—
SO A A Bl R B R SR b, T LA £
AT W BORRE SUPC OB AN B, AR SR =4
N AR BT IS o SE R B AR I
() 4 5% 22 4 0.20~0.85 cm, I {H 5 SE PR 2 [6]
9 A X 1R 25 N 1.45%~6.92%, YK X iR 2% N
3.19%. o1 25 32 20 o T 4R I 37 AR 22 8] 1 38
P, SERIAR T EEPCRAE, I HAEMH
et /N ek AT B LG B, R TR A A
SRR B AR S), ATAHIA NS HER

Pl 6 Shy Ao e R A28 D0 £ (5 52 B {19 Ze e [l )5
S, FEASHIF 5 3 0 o 9 57 AR s A A S
SEBRMEZ RIS 0 B RO R, WRAEC
FE(RY) 409879, HIrHiRZE (Ryse) M 0.133 3 m;
4% R* M 0.962 1, Rysp M 0.533 7 cm.,

3 ZwHiTin

B 2 R T A A s S AR PR T 1Ak
FRAREA F A RS, AW T —Fhdk Tz gl

AR =2 7 B a5, C. mi= v &la
D. AL R LU A B R

Bs5 sAR=ZZEEALEER

Figure 5 3D point cloud processing results of trees
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Table 1 Measured and actual values of tree height and DBH
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