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Research on Time-series Dynamic Biomass Calculation Based
on UAV Low-altitude Remote Sensing Data
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Abstract : In order to solve the problem of biomass change caused by the change of the characteristic parameters of single wood
caused by the natural growth of forest stand and the pruning of artificial shears, terrestrial laser scanning ( TLS) and aerial vehicle laser
scanning (UAV-LS) data were taken as data sources, through the single—wood segmentation method, the single—wood recall rate of
UAV-LS data based on the high—precision digital elevation model provided by terrestrial laser scanning was improved. Based on the
UAV-LS data, the extraction and consistency evaluation of individual tree height were carried out. The optimized biomass model was
used to calculate the individual tree biomass of each tree species in 2022 and 2023 using tree height parameters. The results showed
that the combined TLS data can increase the recall rate of UAV-LS data from 60. 0% to 73. 1%. The tree height parameters in 2022
and 2023 were extracted to obtain the natural growth and pruning status of trees in the past two years. The consistency correlation coef-
ficient ( Concordance correlation coefficient, CCC) of tree height consistency evaluation was 0. 98 and the root mean square error
(RMSE) was 1. 12 m. And the biomass of single wood and stand biomass in the past two years was calculated and the stand biomass
was 77.39 and 81. 56 t/hm’ per unit area in 2022 and 2023, respectively. This study confirmed that it was feasible to obtain tree
height time series dynamic calculation of individual tree biomass of each tree species by using UAV low—altitude remote sensing data in
the research area and can grasp the biomass changes caused by natural growth and artificial pruning of forest stands.
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Fig. 1 Location of the study area

1.1.2 FEsbEE

DXk WA JE 16 B, 12 B 53 7 72 3 41
4 RO TERT T X b e s B 3L 13 BR B A 1E Y
Mo ERANFEL, oAl LUBSRA T T A AL 67 B Herh
ATERTFE X PUAL A IRBE A, R R 15 BR e A ZE AT
YD N IA % 5%, 0 T b b e MR R B AL
31 B, FWO R AEWE S X AR R 21 BR, ¥ 5) 50 A0
TES AL FRFNZR ARSI, 73 A PO BN L, AR M o0 A
w2 Fos,
1.2 HATEERHIERE
1.2.1 T # O F14# ( Terrestrial Laser Scanning,
TLS ) Zdfs

2022 4F 4 A Gl SCR A 1 =K,



SRR, 45 <TI0 A AU 2 18 BRSS9 ) e s 25 A S 5 19

T
Tegend
i
Willow Cypress
+gn il
+ ik
bark pi

P
I
Acebark pine_Clove tree

2 By mE
Fig. 2 Sample plot distribution map
FEBS S BE 0. 6 mm, HH 20 30 m N &R
1000 s, HAGBE 21 AN | Sy PRIEAS [R] 900 25 22 [

(a) JEAML

The unmanned

vehicle

I
2

(b) Ll

The sensor

(d) B

FAEEIR T PR — 2, 78 4% W 2 T 46 3 4 2 17 141
AR R B ES, WEAMTEN 15 m 5,
FAF) 5 K[ B 10 em , T H [A]BE 10 em, $95
HE 1000 5/s, S AHO 4 T1 7647 FER 25 min,,
1.2.2  JE AWUE =S (Light Detection And Ranging,
LIDAR ) i B 5

2022 4 4 H K 2023 4F 4 A ST AMNL D-
LIDAR #0685 R T UAV-LS i, KM &AT
PR 128 m, KATHUE N 13.5 m/s, VR E
286 wi/m’, FAF T 23k 3 UYL, [l 5 R R
8 bits, BOLHK P K FIHAN 905 nm I 240 kHz,
W AR R K S T AHLI) UAV —managing K1
HATARH 135 3k T A 01 R 48 ( GlobalNavigation-
SatelliteSystem , GNSS ) S5 PE I & #AIT ( Inertial Meas-
urement Unit, IMU) AbF ) BRI 3 s,

The point cloud image

3 HIERKHE

Fig. 3 Data acquisition diagram

1.3 TANBAE R REIREALE
JEHRIHOL TR I8 8 BR R 2R AT GPS # A%
e WK 220 KRR 220 R RO VR E , 58
R PO R B R R B B 2 AT
ARBE L35 S R R A A (W) A AT
Al 22 ) (R TCA A bn I RS JBE A £, 15 B35
JETE IR ENR 2
1.4 WRAEEHERBL
AHIEFE LA M L O TR 5 80 A AP0 &
$EJ C/Ep I S €108 Wi E R e N o NI RPN D B 3
DI T IR B B A A v A T2 v AR A R Dy Al
FHNMLFOE TR 18 K 1 SR A 0] 35 30 AL

WOC TR BB AT AR i 14 I — B D E
RO AR Yy R R S S0 2022 4
12023 &R IR YR, AFFEEOR B A
4 PR .
141 mRzEUEK

BT Hb DO B Ok 41 AR R AIF 5T XU A
RS R T s AR M R 2, O T R 3RS
DEM , 75 SEREAT Ml i 70 28, A B SR FH Bl ik 11 ¥
N = £ W 38 3 51 (Tmproved  Progressive TIN
Densification, 1PTD) 432 Hiu T o5, SCiE 1 Rl 15 42 A
— ARG = SR A A B 2 e,
JIFAT TR RPN R AR 5 R



20 Aok T

F40 &

Lot HEde] o) WU ]

A A EIN S

| R R REIDSM) |

A

Wb ER(DEM)

I [ cnv)| [ A s |
[ A AL EE ——
[ AR S HGRR

| —

[y REE |

EEEE

[ gt ]

4 BIRBARBL
Fig. 4 Technology workflow of research

AR, S TR
black is the ground point, green is the non—ground point
B5 HA=iER
Fig. 5 Point cloud filter diagram

14,2 My = AU ) A Bl KORS FE VT

X 4328 I V1 Hl T A 2 B R AT A 3 R R R
BEIAURE AT E] DEM, -~ T8 bR HUE AR X 5 = 5K
it i FRE A S0 K 506 = R 4 5E 2] DEM. |
1325 HARX N 1) DEM SRR 0E, BRI R s = 105
FR{ELUR 25 X0 87 DEM Hb T = AR, 75 3] 4 i 2 05—k
SRBAE B 285 B HU T SR 3 = RO E
TG A, AR IR S B AAE DEM X043 B 7 ) ) e
FE (h) ,SFAZMAARNESERE (H) F2,15
SIS A T S S SRR (Z) o TR
TR % 2 (RMSE, s iEH Ry ) KV 1R 25
(MAE, X Fich M, ) K 3FAE DEM (RSB, Al

RMSE:Jig(Hi_hi>ZO (1)

PO iR zE S e (H,) S5 h,)
ZZERY - T7 R S A R (n) HEAEL R OF
Tt

MAE:%i(h‘i_Hi) o (2>

SRR ZE AL R (h,) SRR (H,) Z
ZMY AP

1.4.3 CHM fAA: B

X TC AR 25 32 SRR i 2R B A o o = B
EAT AW b TED A0 2 | e B A 1E TS 20K i 2
HFRALRL (DSM) , T ALK ZS 38 8% 2 B8 4
st A A 2 B A T A R TS R 4 4 I
CGCS2000 ALbR 2R 58 , W45 A AH [A] 1 3t B 2 2% A [W)
(AR BR ZR K B0 L R AR RS (DSM) 5 L T EOG A3 4l
A3 BT S TR ( DEM) 15 22 (8, 61578 2 &
FEI(CHM) , CHM #ERIA: B 58 56 2 5 S A A 5k )2
[i] Bt B TCBU XA 1 B R R A, AR A e X Bl AS
SERE T TCBUE AT I A, IR X ST S (1) CHM i
(=0 /A L I S SO WG il 38
1.4.4  BRA BB 5 o #) KO FE VT8

H OGS 2 28 5 T A — Ak S AR A R/ =
el HUl4 3 115 2 DBH, 76 38 U E DBH J5 HR 4% B
AL BT 55 = 4E AL pR 38 R DBH 42T
PN %) s B8 e 3T ) s A SRy 00 B R R R AT ROR
GYENT AT LASR BRI B B AR S0 T AL
S BB R i e 2 v R AR AR SR FH ) 3 e R (A A1
PRI AR TR A B IR R a5, 2 R o
e MR B A B T 1 8 A0 KA
AT R IEHINTE R 5 10 0 ol 55U A5 R R Bk
KA, 2528 Jay 8 AR KA, WU AR 3R A i Sy B AR T
PR T Al B € =R ST T 8 N
L CHM A9 g s b S A 1 0, IS Ak iy L 45, FH /K 3
Fu, FEAKAL A 1 M g 57 B B, B B B R 43 Y
450

DLSEI SRR AR S 22 5 52 IRy SR 0 8 1T
DCPC, 7 S5 I B A7 B B 3 S T N A7 7 P — K
HIEAS (True Positive, TP, s g R T,) s AFAEH
A MUK (False Negative, FN,z=UH 2R F\) s fA7E
ZA TR N 55 K (False Positive, FP, 20 H gk
Fp) o SRKIZERAT A B (r) HEFRE (p) A
F B ( F-score) HEATITHY , FLA A

TP
r= x 100% (3)
T, + F,
po_lv 100% 4
= X
T, + F, 7o 4
F=2x""" x 100%, (5)
r+p

A r A [ AR SRR TE AR o SR RO L
W5 p RAERHZE 2R IEAG R B 5 45 I i bR B L
F OB X 43 A58 FIVER A p HIZR G A,



513

SRR, 45 <TI0 A AU 2 18 BRSS9 ) e s 25 A S 5 21

1.4.5 AWrsisifiie

Az Py i AR R AR A ) 6 B 22 By kT
R A Wy R 5 AR R R SR R S H O S A
T REORAG A Yy (R Rh 2 Y B A A A R A
R AR | DX J 22 S AR /I X [m] A 28 A 0 oK
AT LR FAH ) 0 Ay BB WF 58 X & R i
K TR ZITM BRI ERE( V)

V =aDbHc , (6)

K a b ABBIZH D NMiE s H e

AP R PO DGR T RS A )
B Hh BRSO EE(Wy)

W, =a(D’H)" (7)
R AR W,)

W, =W,/3.85 , (8)
APy (W)

W =W, +W, . (9)

PSR S V8 A R i | B A Rl [l ) 7
R N7 A g 5 M A A ABE Y 3 3o A AR ] AR i e U
WAR(EL, A RR IR T R A s 1,

x1 BHMEEARE

Tab. 1 Regression equations for each tree species

WFh [l 77 7
Tree species Regression equation
LG _
Willow D = 2.167 6H + 12.994 4
i D = 2.2830H -2.1945
Poplar
A

BEH D = 0.421 5H +27.429 8
Locust tree
IR

D =0.1123H + 18.7
Lacebark pine 3 8.750'5
T D =0.2994H + 11.211 6
Clove tree
Il
LH:E{ D =-0.1520H +25.241 5
Cypress
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Tab. 2 Optimized accumulation and biomass models of each tree species

g H/mS

T} i . #MF/m W,/kg Wg/kg W/kg

Tree species Volume

L) _ b e _ 2170 W, = W./3.85 W=W,+W

Willow V = a(2.167 6H + 12.994 4)*H' W = al (2.167 6H + 12.994 4)2H] r = Wp/3. = Wy + Wy

L7L) boge 2007b W. = W./3.85 W=W,+W

Poplar V = a(2.283 0H - 2.194 5)"H W = al (2.283 0H - 2.194 5)*H] w = Wp/3. = Wy + Wy

Vi) _ b e _ 2p1b W, = Wi/3.85 W =W, +W,

Lot tree V = a(0.421 5H + 27.429 8)'H W = a[ (0.421 5H + 27.429 8)2H] R = Wp/3. = Wy + Wy
\

Eiﬁk e V= a(0. 112 3H + 18.750 5) " H* W = a[ (0.112 3H + 18.750 5)*H]" Wy = Wp/3.85 W= Wy + Wy
5

‘T%QH V = a(0.299 4H + 11.211 6)"H* W = a[ (0.299 4H + 11.211 6)*H]"® Wy = Wy/3.85 W= W, + Wy

Clove tree

B 41 _ b _ 2p7b W, = Wi/3.85 W =W, +W,

Cypress V = a(-0.152 0H + 25.241 5)'H' W = al (- 0.152 0H + 25.241 5)2H] R = Wp/3. = Wy + Wy
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O E IA TC TR HE AR AR B M 1E E S RS A1
SR RS AN E T, 5 SR A M T s R R
PR = (5 B HERA B, AR Hb T OGS =
BAEIRAS 0 DEM RGP R L3 3,

TLS 52N H kS EEAY DEM Y7 H%25 4 7.3 cm,

ARG PR B, SCRT AR Sk K 0 B SO0 3000 7 %5 48 o3 Bt
HE
2.2 BKREMBEEIEN

WFFEIX S B AR 160 B, LASEIN AR AE S5
SRR P B AT UCRD , HE 2022 AF b T OE
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Tab. 3 DEM evaluation
o %’E%‘Jﬁ%ﬁ/m V\]Tﬁ%'if%‘&/m (%) || }’E%’J)ﬁ‘i%ﬁ'ﬁ/m V\Hﬁ%’lf%‘ﬁ/m HIRHR2E (%)
Point ControlP‘mnts I?lterpolatloln Z/m Relative error | Point Control [.)mnts I-nlerpolanoln Z/m Relative error
Elevation points elevation elevation points elevation
1 767. 041 767.02 -0.021 -0.003 27 767. 403 767.380 -0.023 -0.003
2 767.128 767.07 -0.058 -0.008 28 767. 340 767.323 0.017 0.002
3 766. 734 766. 74 0. 006 0.001 29 767.390 767.357 0.033 0. 004
4 766. 706 766.79 0.084 0.011 30 767.370 767. 442 -0.072 -0.009
5 767. 047 766. 98 -0.067 -0. 009 31 767.290 767.278 0.012 0.002
6 767.017 767.02 0.003 0. 000 32 767. 300 767.335 -0.035 -0.005
7 767.078 767. 06 -0.018 -0.002 33 767.290 767. 264 0.026 0. 003
8 767. 112 767.29 0.178 0.023 34 767. 340 767. 134 0.206 0.027
9 767. 286 767.28 -0. 006 -0.001 35 767. 100 767.152 -0.052 -0. 007
10 767.267 767.24 -0. 027 -0. 004 36 767. 130 767.130 0. 000 0. 000
11 767. 164 767.23 0. 066 0. 009 37 767. 040 767.082 -0.042 -0. 005
12 766.911 767. 04 0.129 0.017 38 767. 050 767.114 -0. 064 -0.008
13 767.072 767.11 0.038 0. 005 39 767. 020 767.089 -0. 069 -0.009
14 767.157 767. 04 -0.117 -0.015 40 767.230 767.088 0. 142 0.019
15 766. 895 766. 86 -0.035 -0.005 41 767.070 767. 101 -0.031 -0.004
16 767.017 766. 98 -0.037 -0.005 42 767.070 767. 108 -0.038 -0.005
17 767.093 766. 98 -0.113 -0.015 43 766. 950 766. 992 -0.042 -0.005
18 767. 159 767.13 -0.029 -0.004 44 766. 960 766. 969 -0.009 -0.001
19 767.071 767. 14 0. 069 0. 009 45 766. 890 766. 923 -0.033 -0.004
20 767.204 767. 11 -0.094 -0.012 46 766. 940 767.019 -0.079 -0.010
21 767. 124 767. 11 -0.014 -0.002 47 766. 920 767.015 -0. 094 -0.012
22 767.171 767. 11 -0. 061 -0.008 48 766. 880 766. 874 0. 006 0.001
23 767. 158 767.12 -0.038 -0. 005 49 767.070 767. 105 -0.035 -0. 005
24 767.110 767.13 0.020 0.003 50 767.070 767. 094 -0.024 -0.003
25 767.011 767. 10 0.089 0.012 51 767.070 766. 945 0. 125 0.016
26 767.253 767. 11 -0.143 -0.019
RMSE=0.073 m MAE=-0.007 m
x4 BAREN
Tab. 4 Individual wood detection
ol S il it Tk 1A FUEE(%)
Data Measured Detect FP FN TP r(%) p(%) F-score
TLS 160 120 5 45 115 71.9 95.8 82.1
UAV-LS 160 99 3 64 96 60.0 96.9 74. 1
TLS+UAV-LS 160 121 4 43 117 73.1 96.7 83.3

HRIETC AN 5 B B A [0 3 TR IX AN
P SRR IIAR A, Pl T e W )8 54 5 Bl T~ 5
R BEER D, AT TR IR T 7 AR B4,
ARG I 5 2 B R R AR 2 TR T BN
Pl = B HARH [ R LS MRS AL = /Y
FAARA [l R — 2, 1 W s 3 o 25 AT LAV A U o B
AAR AT RLORIEWT 58 X SRS 4, FLHT TLS $2

B ERARH ] AT DUAR R B2 4 I s 3 e Al

(A BRI A [l 8 g bl 1T O 51 4 2 T B0 5% IX 5 4R

B DEM K SR i 2800 I 2 4 ) i Iy i 4

PEEHE S B it K AR S5

2.3 WEEKTUHIEHE—HEITE
AR O T B 2022 4 2023 4F [ H

RHEAT T A, B 6 TEAR T 2022 4F—2023 AFR A
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PiAT N Bl T A Z2 e X Il S5 R HEA T 3T, [R]I)
R T PARIBO B 38 R 2 B I T A B AR I R i
B E (T —BUEA S %8 ( Concordance correla-
tion coefficient, CCC) Fil RMSE,CCC (X Hidh C..)
AEXT T Pearson AHC REXAILEAE T I REAIN B (6
w2 s > AR

2po,
Cee =

(10)
0-? + 0'% + (,LL, _Mz)z

Kb p 8 2 DMERERMHERE 07 Flw 23512
IO B 77 28 R ML

RMSE FF it fb AR FR fi 22 1) /N FIE 3 45
S (MSD) LIIEAL i 22, AR ¥ 2022 4F A1 2023
ARV TR IR B AR LA w3 AT T L AR b i
T PIAE IR 0 A KRR, IO A i A 2 — A28
AR SS, MR —E R B (CcC) H
0.98, 5% 2% (RMSE) M 1. 12 m, 4 7 — Ee vk
R4f,

2.4 %YEITE

HRAE A TE AR B B A 1) J6 A HLAIR 25 18 SR 0
Ay i A AT DAFEAR KRR BE b S At 531X f
T FARA R T 55 % B A5 R 1 B AR KRR AR
SR 1 B A AR Ak I, RIS X AR )
HITHES,

rr YT e pas €CC=0.98
251 | o i 251 Tree height RMSE=1.12
L Tree height ° 3 7?)%.@%“%
= — V=X = Trend line
£ = 20¢ £ 20 ¥=0.94X+0.54
Eéw- ?él&
§§m- §§1w
5t sk
. . . . . T S S
0 5 10 15 20 25 X 0 5 10 15 20 25 X
2023 4EMES /m 2023 AEF T /m
In 2023 tree height In 2023 tree height
(a) MARAER HH (b) EARPLA
(a) Tree growth trend (b) Tree fitting trend
6 WEITL
Fig. 6 Tree height comparison
x5 EPEHEHE
Tab. 5 Biomass calculation
8 \ i 3
ﬁj? species ?e{f; *éi/l;/r:; Wr/kg Wr/kg W/kg
i 2022 12.443 11 044. 34 2 868. 66 13 913. 003
Willow 2023 14.011 12 450. 30 3233.85 15 684. 149
2] 2022 18.293 16 388. 56 4256.77 20 645. 328
Poplar 2023 19.329 17 322. 42 4 499.33 21 821.751
A 2022 9. 441 8 375.45 2175.44 10 550. 890
Locust tree 2023 9.263 8 214.87 2 133.73 10 348. 599
PN 2022 1. 890 1 678.93 436.09 2 115.020
Lacebark pine 2023 1. 959 1741.22 452.26 2 193. 482
THR 2022 2.138 1 899. 05 493.26 2392.313
Clove tree 2023 2.217 1 972.00 512.21 2 484.210
g 2022 4. 064 3616.13 939. 25 4 555.382
Cypress 2023 4.069 3 620. 88 940. 49 4 561.372
o 2022 48.269 43 002. 46 11 169. 47 54 171.936
Stand 2023 50. 848 45 321.69 11771.87 57 093. 563
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