[ s 48% % 1m/2020 & 1 A/REMOE

T it O 5 S B B 1 U B - 4y
B REE, BAE, HEH!

R OO R AR BE . VIR B AU 210037
“ 1 AUARO K 2 R O SRR B[RRI T ePuL . TEOR R ED 210037
RS TR R RARA R, T B 211500

WE i TR RS R R, [l st ) S IR O SR R A A K B 2, T S S A I A il R
Bl RO S Wb 5 B R R R I . MO B IR I BE O B A BT RS IE S 58 L 08 T 22 0 XA A 4L R R A
M IET7 i 3d i SCHAR MEEL o B3O BT B AR g B2 R W T 9 S S 9 B2 o SR S I {0 01 B BIL 2R bk 0k R AT S R B 3
FH — W 2 T 50t - 28 5 20 3 A R IE A IE i 4% 4 iR JEE A 4 22 24/ T 0. 1, RS2 BEE L R I L T L IX
AN 5 3 S A R R 2 e A IE T LS B A I ) B 5 B ML AR AR Y die 2 SRR B T e I A TR
FEIE 43RG BE AR 91. 500 F1 84. 300, AW 5T 57 YA IE RS AL 7 ¥ X B AR 18 S B A ) B O B8 B R0 R 48

HEFTEE R O B A TE L 8 T B AR S A S8 S 58 AE W) 5 Sy i — 28 AT SR B A S B FR AR T T BRI

KR

FESES S771 XuktRERL A

1 51 7

i FH i v = 4 OGS (TLS) AR AT LA B 4
IS 2 H AR Y B = de B I8 e 315 B I
SR E R L SR R TR S R R A 3 Y
A5 7 AR B T o R e T e R R RO Rk
SR 5 AL bR BOHE A A DAk BXT B BR A $
B 52 Byt ok e g BT AR
A A RO, (R B AR £ A2 2 H bR SR
R A TR RN | R DN 3 % A
DR 22 fif 15 bR S 3 A i 22, 5 U Y 43 JE 0 0R
P, RIE XS R 4548 i, {45 [) Fh Hb 4 52 355 6 AE
AN i A1 15 B b 4 o B R Ak, DA I8 0 3O 5
T I E b LS RS

I 1798 75 s 446 0 43 14 107 FH T 4 b e A
JUARTAR B, 5 T HE 5 B2 A5 832 ) 7 658 1 OB I8 4800
) IR AR XE R AT 46 %] B2 1E L 06 200 45 A B A R A
TR B (5 S5 M TE . B0 Fang %80 A

WAL WO RON A s SR SOERRL s M i = AESOCT s b Ao

doi: 10.3788/CJL202148.0104001

SEAACIE T R B F R 2R S S R Y TLS
=BG HEAT T SRR FEROE 3 B T OB TR B IR R
BRI A T o — it gr . B E TSN %
T PR [ 4 B O AR R S R IO S s
S5 BE SR AR ) TSI AR Ok B A A
JE 5 5 0 SO 5 B 2 1] 0 A2 A5G R AR B
A BPR BT X 45 Al R S AT R OE R BT 38 I
T BR RO, R S BOR, B N, Tan
SO A T S S5 R B (LAY 1 G A X R [ 4
A BTt T A S A T SO 3T T RAIE,

X O i BB 1 A7 A TE Ab BN Oy vk FE AL 4G
1) JE T B0 09 R A IE ALY (H R TR 2 S8, 5%
Jiti AL R A — 2 MERE 5 2) I3 — A IE AT R O %
i R B ORI A By S e S 344k L D3k 3 [ g
JERLIE R B B . 0 — A TE 5B A 55 T  5 A E A
Ry TERHGEREASH L WS T
JTZ R . Carrea %8 LIDAR A2 L85 35 7 72
5 Oren-Nayar $5 [1) X [a] 2 S5 5 43 Aiv oA BUSS & 7F

Wi HEF: 2020-07-10; 2B HHA: 2020-08-13; FA BHI: 2020-08-24
HETB . 7TA4 BRREFS T LI H (BK20191388) | 1T.95 44 38 A% 2 AR A AL 55 A BHF A 3R 100 5 (KYCX20_0900)

B 5UMOL K2 K813 B (2020NFUSPITP0235)
“E-mail: sunyuanl123@126. com

0104001-1



E48% £ 1H/2021 £ 1 B/ FEHL

— & AR 5 . 5 (RS A B0 [ A R S 58 R R L
1, JF ELA5 3 B LA S R Y R T LA R T
KRR o B 5 s T MR ZE . BN e
AEER T T B s R e TR S R i
7 PRI VE B % AR AT 1) 22 3 i 25 B S ot BE E AT A IE
Hofle 25 8 3o A 5K 3 RS 5 5K 5y 195 b 7 125 43 51
X HIL RO T K o RO AT R IE A T 4 SR Al 5
6 DX R = R R R S R B N 5] . BUA B AL IE AL
TR X R B S 36 6 R S5 6 M ) TG 8 5 A O Y
F 55 5iR RE R Al HG 2 0 5 O 1) O (B A i — 2D
AT

A SO TR IO B K B £
M T PO B 1 A B Y 2 R R S ST A I A
T 18 7 Al PRZO SOL 3R BE B R Sy B — A
AF ek 43 AT R O SR O RS LE L AT B
Dy Ml 92 O 9 5 X F AR A5 AL A LR R 1 S ORI
S S B R  r 2R EAR AL S O HS 4l 1k . 52 )
Xk AN [5) F AR ) % 5 00 55 TR 530 i 2 30O R ) 40T A
X AR R R A R F AR TR R EOR

2 O ik

2.1 TLS HHEERIERE

TLS 4 i F v, A5 800 H A5 A8 1 19 3
SN 1 TR . WOG TR BE 2 B bR SR IR B 5
M) T B L A A AR R A el s 4 PR R L ffi H
b 5 B 7 AR O 22 . DA B IR I R O AR Dy g
il AR A8 BT A FECS A AR e Oy R T R Ak o

height H

distance S
wall surface

L1 A SR A 2000 6 A oA e B 280N 7 ]
Fig. 1 Diagram of incidence angle effect converted to

height effect
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Fig. 2 Schematic of scanning experiment. (a) Laboratory

calibration experiment; (b) outdoor calibration

experiment
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Table 1 White paper height and distance correction model
S /m 2 3 4 5 6 7
Height b 0.038 0.038 0.021 0.013 0.010 0. 006
Is=p, + S+
model for P —0.110 —0.136 —0.083 —0.053 —0.032 —0.022
. P S+
white . D3 —0.152 —0. 040 —0.011 —0.005 —0.015 —0.019
p, S
paper ’ P 0. 806 0. 747 0. 655 0.671 0.692 0.739
P
1 R 0.028 0.019 0.025 0. 007 0. 004 0. 005
H/m 0 0.5 1 1.5 2 2.5
Distance
) 2 0.017 0.014 0. 004 0.001 0.002 —0.001
model for Is=p, « H +
. 2P —0.163 —0.125 —0.007 0.032 0. 044 0.071
white p, s H+
s 1. 064 0.929 0.572 0. 394 0.281 0.189
paper ps
R 0.028 0. 049 0.017 0.026 0.030 0.032
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Table 2 Selection of residual modules

and polynomial dimensions of all materials

Residual module

Species Power
1 2 3 4 5 6
Height model for back of leaves 0.021 0.024 0.01 0.013 0. 004 0.013 3
Distance model for back of leaves 0.011 0.026 0.028 0.028 0.036 0.017 2
Height model for front of leaves 0.047 0.028 0.015 0.015 0.017 0.016 2
Soapberry
Distance model for front of leaves  0.014 0.022 0.024 0.035 0.038 0.028 2
Height model for branch 0. 048 0.033 0.027 0.024 0.011 0.017 2
Distance model for branch 0.009 0.018 0.019 0. 006 0.046 0.064 3
Height model for back of leaves 0.012 0. 006 0. 004 0. 005 0. 006 0.016 2
Distance model for back of leaves 0.176 0.115 0.111 0.188 0.163 0. 206 3
B Height model for front of leaves 0. 004 0. 007 0. 005 0.011 0.012 0.010 4
Ginkgo Distance model for front of leaves 0.010 0.010 0.013 0.010 0. 006 0. 009 2
Height model for branch 0.032 0.041 0.019 0.019 0.017 0.008 2
Distance model for branch 0.020 0.029 0.033 0.038 0.020 0.043 2
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Table 3 Range before and after correction of each materials

Row data Corrected data
Species

Max Min Range Max Min Range
Back of soapberry leaves 0.432 0.182 0. 250 0.207 0.177 0.031
Front of soapberry leaves 0. 425 0. 200 0.224 0.193 0. 140 0.053
Soapberry branch 0. 505 0. 188 0. 317 0.222 0.175 0.046
White paper 0. 800 0.334 0. 466 0.578 0.510 0.068
Ginkgo branch 0.506 0.215 0.291 0. 280 0. 240 0. 040
Back of ginkgo leaves 0.267 0.153 0.115 0. 067 0. 062 0. 005
Front of ginkgo leaves 0. 295 0.163 0.132 0. 090 0.084 0. 007
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Fig. 5 Comparison before and after correction of each material indoor. (a) Original intensity data; (b) corrected intensity
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Fig. 6 Distribution of outdoor standing trees intensity data before and after correction. (a) Ginkgo; (b) soapberry

4 TSR SRR
Table 4 Distribution characteristics of point reflection intensity
Max Intersect
Species
Row data Leave Branch Row-leave Row-branch Leave-branch
0.175 0.035 0. 065 0.095 0.120 0. 055
0.165 0.035 0.050 0. 080 0. 100 0. 050
Ginkgo 0. 160 0. 040 0. 080 0.090 0.130 0. 065
0. 200 0. 060 0. 150 0.110 0.175 0.095
0.190 0. 050 0. 080 0. 105 0.130 0.070
0.090 0. 040 0. 055 0. 065 0.075 0.095
0.090 0. 050 0. 065 0.075 0. 080 0.120
Soapberry 0.090 0.030 0.055 0.135 0.075 0.095
0.090 0.030 0.050 0. 045 0.075 0. 100
0.115 0.065 0. 055 0.075 0.090 0.115
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0. 06, T TCH T =4 2R 32 A543 30 0. 70.0. 08 F1 0. 11, Table 5 Threshold for leaf and branch separation
3.3.1 RAA 5 5 Model Ginkgo Soapberry
T o [ A R R A A S B R S s — o Row data 0.16 0.09
0 I VB T 28 3 A 1E. 2 I 0 5K A 2 S S 3 A 58 Leaves 0.04 0.05
ST F 5 Sl B T 2 T B A B Dranch 0.7 0.7
6 IR 5 SRS
Table 6 Classification accuracy of branches and leaves of each model unit: %
Model Ginkgo Soapberry
Row data Leaves model Branch model Row data Leaves model Branch model
Leaves 35.032 73.224 49. 461 32.414 72.812 52.330
Branch 37.406 75.780 46. 084 28.103 55.091 46. 488
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Table 7 Classification accuracy of species and models unit: %

Species Accuracy of row data Accuracy of leaves model Accuracy of branch model
Ginkgo 85. 645 91. 504 89.071
Soapberry 83.333 84.323 83.592
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Table 8 Classification error of leaf model

Species MAE RMSE RE RRSE
Ginkgo 0.0388 0.1431 7.9065 28.883
Soapberry 0. 1397 0. 2685 28.7238 54,451
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Abstract

Objective Lidar scanning obtain point cloud date can not only directly measure the three-dimensional (3D) model of
the object, but also reveal the intensity of the object. The laser intensity data reflects a variety of the characteristics
of the target surface, which can be applied for registration of different measuring stations and filtering of point cloud
data. It can also be used to extract and classify the target object by using the intensity data or combining the intensity
data with the point cloud RGB data, so as to provide a basis information for feature extraction and leaf area
calculation and biomass estimation. However, the influence factors such as the angle and distance will impact the
laser intensity data of the same features. These deviations reduce the accuracy of point cloud registration,
classification, and extraction, which is not conducive to the full use of point cloud information. Therefore, it is
needed to establish a correction model to make the intensity data accurately reflects the feature information for rapid
extraction.

Methods Based on lidar ranging equation, first, a pre experiment processing is designed to predict the influence of
scanning background, illumination change, and leaf inclination on the intensity data of the research objects. Second,
the polynomial models are analyzed to fit the intensity data corrected equation, and the standard value of each
material is defined through indoor experiment. Through the model, the angle, which is not easy to measure, is
converted into height. After that, the intensity correction models of seven different materials (ginkgo leaves front
and back, ginkgo branch, white paper, soapberry leaves front and back, and soapberry branch), with six different
distances (2 m, 3 m, 4 m, 5 m, 6 m, and 7 m) and six different heights (0 m, 0.5 m, 1 m, 1.5 m, 2 m, and
2.5 m) is going to be established. Third, the coordinate transformation method of outdoor standing trees (two
species: ginkgo and soapberry) is designed, and the correction model is used to obtain the corrected data of the
reflectance of branches and leaves for each species. Finally, a threshold method and a random forest method are
selected for intensity classification, and the classification result is analyzed to achieve the purpose of using point cloud
intensity data for ground feature classification.

Results and discussions 1) In the comprehensive analysis of various correction models, quadratic polynomial
usually has the characteristics of simple calculation way and good simulation effect. For the seven kinds of materials,
the data range after correction is less than 0.1, and the reflection intensity of each material is more stable than raw
data, and is not affected by the distance and height. 2) Before correction, the peak value of reflected intensity of
point cloud with leaves is smaller than that of yellow leaves and leaves off. The reflected intensity of leaves is less
than that of branches. The reflected intensity of ginkgo ranges from 0.163 to 0.506 and that of soapberry ranges
from 0. 182 to 0. 505. After correction, the range of intensity data for all materials decreases by an order of
magnitude and fluctuates within a very small range of value. Among the correction results, the minimum range
appears only 0.005 in the data of front of gingko leaves. While in the data of back of gingko leaves the range is also
smaller, only 0.007. 3) For standing tree experiment, reflectance for single target and all return point cloud are all
drawn. Experimental results show that the curves of gingko reflected intensity are smoother. The reflected intensity
interval of ginkgo point clouds is 35, that is, the reflected intensity is 0.175 with a largest number of clouds. After
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the correction of the leaf model and the branch model, the reflection intensity of the most standing point clouds is
0.035 and 0. 065. For soapberry, the intensity interval is 18, and the reflected intensity is 0. 09 with a largest
number of clouds. After the correction of the leaf model and the branch model, the reflection intensity of the most
standing point clouds are 0. 05 and 0. 065. 4) Different classification methods are used to separate leaves and
branches from the corrected intensity of the two tree species, the threshold classification is more applicable. The
highest accuracy of the threshold classification with row data is 37. 406% . After correction, the classification
accuracy of ginkgo leaf model could reach 75.780% which increases by 83% . With the addition of RGB information,
the classification accuracy of the random forest model with corrected data is improved from 85.645% to 91.504 %
which increases by 6. 8% . The accuracy of leaf model correction for both species are 91.504% and 84.323%,

respectively.

Conclusions The calibration model method established in this paper can accurately correct the laser intensity data
of the natural diffuse reflection target object. The selected natural standing-tree verifies the experiment
successfully. Branches and leaves can be distinguished by the reflection intensity after calibration, which provides
the possibility to further use point cloud data for branch and leaf separation and tree species identification.

Key words measurement; laser reflectivity; intensity correction model; ground three-dimensional laser scanning;
single station scanning
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