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Abstract

Forests are an important part of the terrestrial ecosystem, and tree height reflects the diversity
and stability of forest ecosystems to a certain extent. In order to improve the reliability and processing
efficiency of wide-area tree height measurement, this paper proposes a tree height inversion me-
thod based on multi-source data fusion. In order to verify the feasibility of the algorithm, this pa-
per selects Ulanchabu City in Inner Mongolia as a typical experimental area, using 2 scenes of
2017 Sentinel-1 images and 2 scenes of 2004 RaderSAT-1 images to carry out typical verification,
according to the digital model of the canopy top The DEM generated by (TCDSM) selected 20 sam-
pling points in the forest area. After testing, the average absolute error (MAE) and root mean
square error (RMSE) between the in-situ and estimated height of sentinel-1 were 1.3 and 1.34, re-
spectively. The results are highly reliable and have certain practical value. The methods and re-
search results proposed in this article can provide references for related research and applica-
tions in forestry investigation, infrastructure construction and other fields.
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AMAEN— P ARG, ERBRIEIN . ARG AKSCR T AR LR 5577 Ty 21 A
o, W T AIE SRIAEL ORI I S Bl e 2. T RS BB g PPN T &, B — AN A
VIVIEESH, S5ARMAEY BB Z I RGN & 70l s R T BT IS, A
RETH 2 K DX E A Bk R AR AR AR IR L 7R oK . N 1 ARt R ) 3, R AR N T ARAR BT IR
A SCHE TR, JF HAE KRR BRI 28 BEEAR TN KT .

& W AL12 E 1k (Synthetic Aperture Rader, SAR) & — i 0 BRI A% 250, 8 2385 #h 8 1k F ik
MOESE, SR EG AL 2R 12 3 7 n) AR 7 ) b ) — 4t & 4 2 REPE R[] [2] [3]. I SAR %
S PRI e BRI T A B AR Y (Digital Elevation Model, DEM)Z 733845, H B I HY
DEM 3RHU5 v 4045 75 38 ST AR &5 A (Synthetic Aperture Rader Radergrametry). & L2 AT &
(Interferometry Synthetic Aperture Rader, INSAR)#i A . #4t SAR (Polarimetric SAR, PolSAR)+: AR [4] [5] [6]
[7]. CABFFRM, THEF RS ATl B IR E R B R R R, & 2 INSAR 1442
HUDEM, HT InSAR RS- LA RIT . A RMEFARIIRE JT, FH AP A Bom 7 HR b AR L8] [9], AL,
A3 S INSAR H AR S IE A

TerraSAR-X il Tandem-X & /&2 X i B A SAR HiE T2 N F PoISAR i AR Al B I& bR A 4 i
FIA EI[10]. Persson Al Fransson %t EL 7341 1 AT INSAR FIHLEEOG E 4 55 = BB A5 HARM S B 72
Balzter 554/ 7t | INSAR 25 &0 B ik sl = B A 5 J 2 = FE IR 7 i

I INSAR HEAR S s AR w2 — AN B R A BRERTE R S, B 00 E A LA T IR I A
S TR 2R A2 AR AR I THTRHAELA 2 1) IR 18] A8 A AR U RN o ARAR X 35k InSAR AR - PEBE S TR1 980N, B e 1+
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Figure 1. Flow chart of 3D InSAR reconstruction
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B & 5 A T S R R R s R R AR o VR T, R, AWHERHEZ
TUT TS50 1t AR e ol 25 1 STt 1 e 2 LA SRS A s
Nyee = Hrcosu — HDEM (6)
b, by RARAREE, Higpey K78 INSAR BORHES THELHITE 2 TR RAE, H pgy s HSEHIHUE i
N T PRUE RS SR HER I, R v BE TH AN A R o R GBSO 20 ol W B v AN B e T
iR AR . R =AM Gt bR: FEIZXIRZE(MAE). #9757 22 (RMSE) A % 1k 15 4k
(RSS20 D0 B R vt T T I I AR g BEAT LA IR SR AR R SOA

MAE :%ﬁ]xi = @

RMSE = %i( 5,) ®)
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=%§si (10)
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3. EWMEERIH
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SCIO X IR FE A 5 S 28T, sl 2 B, X AR RO AL 39.9°~43.0°, R4 111.9°~115.0°,
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Figure 2. Study area diagram
B 2. fARXEE

Table 1. Attribute information of satellite SAR image data
F 1. DE SAREBEBEEMER

i1 _Hiy_2

Sensor (F~F1~4F) THEEE Hedk 773 1 L
Radarsat-1 (1);:82:3882 THi HH 491m
Sentinel-1 e 27 wW 90m

3.2. &R 54

3y sentinel-1 TS EI 5T R, BEPaT LA, HTHESHE R AHECER, W,
T PERRAR. 15 4 4 InSAR HiARE K1 DEM B, 7% 2 PRl Bl S rAps s Fn sl oes b 85t . 5]
3, Radarsat-1 ¥4 KOS I = MAE AT RMSE 737324 1.48 m #1 1.53 K., Sentinel-1 %4 5 i (184 5 MAE
A RMSE 737124 1.3 m 1 1.34 m.

Figure 3. Sentinel interferogram and coherence coefficient graph
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Figure 4. Sentinel DEM
4. Sentinel DEM &

Table 2. InNSAR tree height inversion results
#* 2. InSAR AR SR

March 7, 2004 Dec 21, 2017

fer S () Pt SEh i (m) poil
1 6.5 7.6 10.12 11.19
2 21 22 21 23.03
3 12 10.5 12 13.56
4 16.85 15 18.85 19.64
5 16.9 18 16.9 18.67
6 17 15 9.5 10.62
7 125 14.6 21 19.76
8 11 12.7 20 18.86
9 9.6 10.65 17 15.83
10 8.5 6.76 16.5 15.47
11 75 8.64 13.5 12.09

HIE 12.66818 12.85909 16.03364 16.24692

B2 2 AN 5 W %n: BT 2004 AT 2017 SEA AR BE (748 4k, I Sentinel-1 A1 Radarsat-1 ffi ¥4
R BEAHRTER 0.486, X FEEH T 2 R A S FEASIE U, 7E 2004 4EF] 2017 4E (], WA S LR
AT 50%.

ARIYFH=EPR(MAE. RMSE. R) Pl 17 7 2 T i -t AR S v (KA B2 o (ELASE i)
2004 4 Radarsat-1 34 S I# 5 MAE. RMSE. R 4374 1.48 m. 1.53 m 1 0.8862, {HZ{E 2017 4F
MAE 1 RMSE 43 5lJd/N 2] 1.3 m 1 1.34 m. 255K, WAL INSAR 1151 DEM A & 2 520,
DRI, s FH #5200 T8 G i LAR B s 1T DA e Fe B i b s SO PRI RG
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Figure 5. Correlation evaluation
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