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Abstract: [Objective] Forestry survey planning is important for the sustainable development of forestry.
When using mobile lidar to do forest sample plot mapping and measurement, the accuracy of the global
consistency map is closely related to the scanning trajectory. Therefore, the rational planning of sample plot
observation path is of great significance. [Method] In this study, the forest sample plots were scanned by
the handheld lidar with the use of simultaneous localization and mapping (SLAM). Based on the researches
in the application of SLAM technology and the characteristics of forest sample land, three handheld mobile
lidar scanning path plans in the sample plots were proposed. And the point cloud map was constructed
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through LeGO-LOAM algorithm. Thus, the three paths were compared and analyzed in terms of mapping
effects, the accuracy of diameter of standing wood chest and the accuracy of its position (curve fitting data).
[Result] The estimated diameter of the prototype stumpage chest diameter fitted by the progressive path 1
had a deviation of 2.18 cm, a relative deviation of 7.74%, and a root mean square error (RMSE) of 2.74 cm,
and its accuracy was higher than the other two paths; path 1 fitted the rib diameter of the substation boundary
standing wood and the internal standing wood better than path 2 and path 3; in terms of the standing wood
position fitting accuracy, path 1 and path 3 had a better overall fitting effect, and the accuracy of path 1 was
slightly better than path 3, with an x-axis estimated root mean square error (RMSE) of 0.077 m, a y-axis
estimation root mean square error of 0.157 m, and a covariance difference of the maximum error direction of
0.124 m, all of which were smaller than the other two paths. [Conclusion] When collecting data through
32-line lidar, with the use of point cloud mapping of the forest-like land and the LeGO-LOAM algorithm, to
achieve the fit measurement of the single wood factor, the overall mapping effect and the measurement
accuracy of the aerial photogrammetry route like path plan (Path 1) are relatively better than the other paths.
Based on this path plan, the mapping and measurement accuracy can be further improved by increasing the
ground identification point and increasing the distance between the scanning path boundary and the sample
point boundary. This can provide a reasonable path plan design for ground mobile lidar field data

acquisition.

Key words: forestry survey; LiDAR; SLAM technology; accuracy verification
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Fig. 10 Actual location map of standing trees in sample plots
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AR YRR 5 3R BUSL A AL B O RS B o R % 3 AT
7~y x BiAG THE S 35 R 2 E-0.183 ~ 0.022 m, B4
1R Z &N 0.022 m, y A5 THE R Z-0.112 ~
0.036 m, #§1% 3 ViR ZE /NN 0.036 m, fiEH s
Xy PSP 7 ZAE BT T 0, 158 B Ak T4 94 il 17 I B
AR, 3 PR A2 TR 1R 22 (RMSEDTE x filifli i
ARZELE 0.077 ~ 0.238 m, y B THEIRZELE 0.157 ~
0.232 m, HHEEAE 1 1) x B35 iR 22 B/, p Bl
THMEY TR Z KA 1| 58A 3 SUE L, %42 3
WA T 642 1, S KR 22 7 IR W 5 2246 9 0.124 ~
0.203 m, H A %45 1 FE & /NN 0.124 m, K5 % &
e 3PS AIARCR W T 11, T WS R ERAR 1.
PRAT 3 AR A RO, B 12 TR 1 S
A VR o i 42 A LA 26 P X A /s LB AR R 22 A AT T
BI5) . B4R 2 BIPREAL vE R ZE I LU UK, AR
R oA B A%, R R AT R R BE AR 1 AR AR
3 [ 1Rl PR ARG A5 0 2 T BR AR 2, RERS I U Mtk AT
AR — B TE . Rk, TEA BEORE T, 45 TR
PR T ARAR 22« B KA e 1 T ) AR e 22 55 2 4

x3 BHRECEMNESHE

Tab. 3  Fitting accuracy of each path position

#44% Path u/m /m o,/m o,/m Pry O pax/ M RMSE,/m RMSE,/m
1 0.022 —0.098 0.074 0.123 —0.002 0.124 0.077 0.157
2 ~0.183 -0.112 0.152 0.203 0.001 0.203 0.238 0.232
3 -0.095 0.036 0.143 0.177 —0.005 0.182 0.171 0.181

Tt gt iy ASEARNL By yHIMWZE s 0,0 0, SEARNLE xo y BT HIBRHEZE s o ASEAAL By yHITT MW7 2 - Notes: p, py, is the bias of the position of
standing trees in x, y directions; o, 0, is the standard deviation of the position of standing trees in x, y directions; p,, is the covariance of the position of

standing trees in x, y directions.



S KR % B A BOE T IR AL N TARAE A 25 P (0 B A2 R 5 7% 161
+ o+ + 0.6
&
& ++ L 0.4
o & o G + + T ’ i‘O.Z 1+
S4 @ 63 G IG5 o g |+ ++|++**++4:€¢+T: —+
e o 08 067 04 02 Fp* 02, 04
o o g o N £ e t‘—(}.Z | e+
g o ’ ory TES R +
” 0 6 TRl e
<5 d o @ Y- *+ * i
C + 1 -0.64 + 4% 1 Path 1
& o + + [144% 2 Path 2
g o o —08 | + 423 Path3
X/m
O SZA; # Actual measurement position JEUN
+ 1603 & Fitting location 12 B e E s A
a BF2 1 SRIE Fig. 12 Scatter plot of position error for each path
Effect drawing of path 1
3 % it
® AT FRGBOG SLAM AR R BRI 2 T AR
® , B HCE SLAM 438U e i 1) F R LeGO-LOAM
@ ® 9 ¢ o HE, FETELAE SRR I, 25 & ARAMEE R kR i R i 45
© ®le o o o LA TR, AT G A B, R RS
@ oo o0 o o 5 Rz B g = I L G S S I B A ik &
Q a o SLAM F A B [ AH JA 7t I 25 & MRV A Hh R mUR
o © ® Rt 3 045 ) SN0 TR A AR A R R AT T
e 9 SR S0 9T 5 M R, 7R 32 ot
e @ Jd o o T HEATHIR RAE I HE T LeGO-LOAM SE:% Ml
Ny FEH3EAT 5 = 2 B FEFI A LiDAR360 %K {4 S E AR
O S I m remen ition . . w N NN 4 . N
A P i IO BB SR . S BT EILL T S
b B2 2 HORE (1) 3 i %A% I FH 45005 250 6 0 S BLRE M 3R 555
Effect drawing of path 2 2o i VR R e, R A T IR R AR R A A S B e
VEERE R, FIH 3 Bl A R AR 0 Hs i 75 16 I (1] azg />
® TN L& 7 325 B b ik SO Ak SR ECECHE 1
o (] o 3 Fofr it 42 BE AR JE AT B 1) FH 22 A K, B3 Ui A2
® e v g 2 TE BOHE 3 S 50 4T i T IR A e e
© ®le o o o W T A
® 5 © o » o o o (2) i E R 3 P AR & HIFF SR B S
& ° o . ST B 2 () ) x Bl 22 sy Bl 22, P 22, T
o ge) P77 MR 22524, JEMEEIE 5 S A B B, w]
© o 9 W FEAT B 15 IR B 3 MR AR
e @ 4 o o If, BRAR 1 RIS LRI AR TR A5 3, AU R et

O S Actual measurement position
+ A Fitting location

¢ A% 3 WOREA
Effect drawing of path 3

B S BACR
Fig. 11 Location effects for each path
AR 1 5 3 BRI A ROR IR AL T B A% 2, %
7R T AR 3.

(3) IR B AR A BB 20 5 S 1 i
ZE MR 22, ST R 22, FEHL & B AR A H R I
i 4% AR ZEAE 2.18 ~ 3.14 cm, AHXHRZETLE 7.74% ~
10.73%, ¥ ARARZELE 2.74 ~ 4.12 cm, HrpiZ47 34
PEAR 1 MR R A 15 22 i/, AR 22 5 35 7 AR R 22
Btk T 4% 2 5845 3.

(D) LA HE 3 MR % 7 TH S50 LTt
T ER RSN B AL I B4R T R HIRAT AU AR R A



162 D O NI %46 %
%[%\ %{M%Ejﬂx\j‘ﬁ[‘%/ﬂ\:/ﬁﬂﬁgﬁ%, ﬂ‘j’g}ﬁéﬁ%”ﬁﬁfj\ [12] Shao J, Zhang W, Mellado N, et al. SLAM-aided forest plot
— N S 2 e mapping combining terrestrial and mobile laser scanning[J].
ZHARAETH AL LI MO AR b A S5 3 ) A
e A . . e s ISPRS Journal of Photogrammetry and Remote Sensing, 2020,
$7k%E‘(ﬂ”fﬂz@ié}*ﬁ%ﬁﬁﬂ?ﬁf?’iﬁ%fﬁ&ff%’% ° 163: 214-230.
s # X W (13] Jufffh, xR, 1Rk HE, &6 B T O A T Fr iR 3)
[1] 76 ARSI AR 577050 (D). b5t Jbsohkl k2, HOR TR IS MRS 2 BARUR B L (1], s AL B
2014. 222247, 2020, 40(8): 6374
Yan F. Research of technology and method of forest resouce Fan W W, Liu H R, Xu Y §, et al. Comparison of extraction
inventory[D]. Beijing: Beijing Forestry University, 2014. precision of individual tree structure parameters based on
[2] 4, W, 3R, 2T = 46800 i 2 I T A Rt terrestrial laser scanning and hand-held mobile laser scanning[J].
R B A 2 TE 50 A B [0). WYL AR AR K 2 24 3R, 2018 Journal of Central South University of Forestry & Technology,
Xu S Y, Shi Y J, Feng S F. Nondestructive and accurate (141 BRAM. Moll: 75 0 ABOL ik 2 A R AR A MR 58 S AL il 75 H
measurement of volume and stem carbon storage for urban BEFL[D]. /R AR AEMOIL RS, 2021.
greening tree species based on terrestrial laser scanning point Chen D P. Study on forest backpack LiDAR multi-sensor
cloud[J]. Journal of Zhejiang A&F University, 2018, 35(6): integration system and data fusion[D]. Harbin: Northeast Forestry
1062—1069. University, 2021.
[37] SEPCHE, B, MR, 2. Mok s 1e AR A 2 2 40 I TR o) (151 ZRA0, FRHAAK, smAFE . 5 A A BROG LI MR KR i s 4R
H B ER S FE 2 [T]. RHS£IEAR, 2014, 59(6): 459-478. MAHGF [7]. FMR TR, 2021, 37(5): 12-19.
Guo Q H, Liu J, Tao S L, et al. Current status and prospect of the Cai 8, Xing Y Q, Duanmu J L. Extraction of DBH from filtering
application of lidar in forest ecosystem monitoring and out low intensity point cloud by backpack laser scanning[J].
simulation[J]. Chinese Science Bulletin, 2014, 59(6): 459—478. Forest Engineering, 2021, 37(5): 12-19.
I e K : 3 S SEIL 5%
[4] Leeuwen M V, Nieuwenhuis M. Retrieval of forest structural [16] Jt/KHE. E#5\ RGB-D SLAM MR REHEAB AT [D]. 1L
parameters using LIDAR remote sensing[J]. European Journal of A LML, 2020,
Forest Research, 2010, 129(4): 749-770. Fan Y X. Research on key technologies of portable RGB-D
(5] BVLIH, XIEaaR, JE 5, 5. BT HLEEOE B & A s G i HUE 19 SLAM tree measurement system[D]. Beijing: Beijing Forestry
BRRRBI A ()], WL ¥4, 2018, 35(2): 314-323. University, 2020.
Tao J Y, Liu L J, Pang Y, et al. Automatic identification of tree [17] JEKEE, Rl BRI, 5. 5T RGB D SLAM FHLII AR
species based on airborne LiDAR and hyperspectral data[J]. A RGBT ], ARALIFR, 2019, 50(8): 226-234.
Journal of Zhejiang A&F University, 2018, 35(2): 314-323. Fan Y X, Feng Z K, Chen P P, et al. Research on forest plot
L6 ek, WAl XA, 5. = RO R 5 5 2 SR survey system based on RGB D SLAM ‘mobile phonelJ]
JES AT (0], AEsTbRl kS 524R, 2005, 27(2): 187-191. Transactions of the Chinese Society for Agricultural Machinery,
Han G S, Feng Z K, Liu Y X, et al. Forest measurement principles 2019, 50(8): 226-234.
and precision analysis of three-dimensional laser scanning (18] JEKk#E, EfpAl, WK, 55, 3T 503 LOAM AR MR FE LA 75
system[J]. Journal of Beijing Forestry University, 2005, 27(2): RGOS B ] RWALFR, 2022, 53(7): 291-300.
187-191. Fan Y X, Feng Z K, Shen C Y, et al. Design and experiment of
(7] bRl B, 3T = 4 8ot 7 3 A% 2 45 1R a2 W 2 HT forest plot survey system based on improved LOAM[J].
52 (] AEmEbRl k223, 2007, 29(2): 52-56. Transactions of the Chinese Society for Agricultural Machinery,
Feng Z K, Luo X. An estimation of tree canopy biomass based on 2022, 53(7): 291-300.
. e N, - ,
3D laser scanning imaging system[J]. Journal of Beijing Forestry [19] ik L TR s HL 85 ABLSE SLAM (53t st A B 5C [D]. B
University, 2007, 29(2): 52-56. H: B AL PR, 2019,
[81 M. 35 M IO T A A0 1 U0 B S MR AR I A2 4 HL [D]. Liu W. Researh on place recognition of visual SLAM for mobile
AR AR ABRROLR 2, 2021. robot[D]. Hangzhou: Hangzhou Dianzi University, 2019.
Cai S. Extraction of tree diameter at breast height based on [20] Shan T, Englot B. Lego-loam: lightweight and ground-optimized
terrestrial laser scanning and backpack baser scanning[D]. Harbin: lidar odometry and mapping on variable terrain[C}//2018
Northeast Forestry University, 2021. IEEE/RSJ International Conference on Intelligent Robots and
[9] TangJ, Chen Y, Kukko A, et al. SLAM-aided stem mapping for Systems (IROS). New York: IEEE, 2018: 4758-4765.
[21] Kim G, Choi S, Kim A. Scan context++: structural place

forest inventory with small-footprint mobile LiDAR[J]. Forests,
2015, 6(12): 4588—4606.

[10] Shan T, Englot B, Meyers D, et al. Lio-sam: tightly-coupled lidar
inertial odometry via smoothing and mapping[C]//2020 IEEE/RSJ
International Conference on Intelligent Robots and Systems
(IROS). New York: IEEE, 2020: 5135-5142.

[11] Zhang J, Singh S. LOAM: lidar odometry and mapping in real-
time[C]. Robotics: Science and Systems, 2014: 109-111.

recognition robust to rotation and lateral variations in urban
environments[J]. IEEE Transactions on Robotics, 2021, 38(3):
1856—1874.

("HESRE & 45
TERE BAPA)


https://doi.org/10.11833/j.issn.2095-0756.2018.02.016
https://doi.org/10.11833/j.issn.2095-0756.2018.02.016
https://doi.org/10.6041/j.issn.1000-1298.2019.08.024
https://doi.org/10.6041/j.issn.1000-1298.2019.08.024

	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 路线规划
	1.3 数据采集与处理
	1.3.1 数据采集
	1.3.2 LeGO LOAM建图与单木因子量测


	2 结果与分析
	2.1 建图效果及效率对比
	2.1.1 建图效果对比
	2.1.2 时间效率对比

	2.2 胸径精度对比
	2.3 位置精度对比

	3 结　　论
	参考文献

