©2007 RSSJ

A
nf

X

.

=

=]

R #EEE & LIDAR 7 — 7 OFESNIEIC X 5 b EMRH
T (0 IR —ER*2 (B RLIE* - )1 [FE

Integration of High Resolution Satellite Imagery and LiDAR Data for Forest Damage Detection

Hitoshi Tacucur*!, Yuichiro Usupa*?, Hiromichi Fukur*® and Kuniaki FuRukawa**

Abstract

Fallen (i.e. snow damage and wind thrown) and withering (i.e. disease and insects) of trees in abandoned forests
are one of the major problems in forestry. However the current investigation method relies on a ground survey,
which is difficult to grasp the conditions extensively. Recently, usage of high spatial resolution satellite imagery and
LiDAR (Light Detection And Ranging) data are anticipated as an effective solution for the forest monitoring. High
resolution satellite imagery is effective for detecting withered and fallen damage, although this data has a difficulty
in distinguishing between withered and fallen damage. Digital Surface Model (DSM) and Digital Elevation Model
(DEM) which are made from LiDAR data are effective for detecting fallen damage, although this data has a
difficulty in detecting withered damage. In the developing method, integration of high resolution satellite imagery
and LiDAR data were utilized to detect two types of damage separately at same time. Multinomial Logit Model
(MLM) was utilized for integrated processing. Red, NIR channel and gap areas detected by DSM and DEM were
dependent variables for MLM. This method was examined on the IKONOS Multispectral Imagery and LiDAR data
in the test area. Accuracy assessments were conducted from the aspect of omission (User’s accuracy) and
commission (Producer’s accuracy). In withered damage detection, 78% and 74% of pixels were correctly detected,
respectively. In fallen damage detection, 82% and 84 % of pixels were correctly detected, respectively. From these
results, this method was demonstrated that integration of two data can detect fallen and withering damage in high
accuracy.
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Fig. 1 Forest damage categories which can be detected by
(Dhigh resolution satellite imagery and @ LiDAR
data.

Table 1 Forest damage categories which can be detected
by D high resolution satellite imagery, @ LiDAR
and @Integration of D and @.
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Fig. 2 Flow chart for forest damage detection.

WEERARES 2 2 &N TH 5,

P EoEt AR, 25057 — 5 ClRinlEis e 4 i
KMNTIR L2 DS, Fig. 1 TH 5, £ LT, O EEMR
%ﬁmAbﬁtmﬂ'mm1fééo%%@FﬁEﬁ@
(@) & LIDAR (@) F—sx#ERdbYE, HENE (®)
ZITHTET, TNTNOERERY, EEE S B
EDHREL 7oA TIEES 72 5,

3. HERLOAN

P EowstERic, AETR, D WoriclETH B
Er o S AT — 2 21EK L, 2) SfGEREEG L
LiDAR 7 — & Z A NI nGE ST £ 7 L 2 R L
3) ChABEGESERICET L, HWEE, BIKE, mkE
EWVWH 3 AT T ORFETD T ET, HERHEREE
5770 —F%&ITH T &I L1z, Fig 2 ICAME TCOWE
BB OHNERT, WERHERESS T TORBLELT
(&, BT — 7 2RISR R FHEE, BIAE,
HWED 3 H 7 I THET D DOFAEKOIER L,
Multinomial Logit Model (L'}, MLM) I & 2#E M€
TV DREEE L R AR~ DEH D 2 BFEIC PN 5,

3.1 BRZ—9 M oHRBATHIER

SRR S LIDAR ¥ — 45, ThZ17 MLM
DOIIAER L1256 7 — 5 2AEKT 5. @GR G )
S5, MHRICX 2EOBOELPHEIRT 5 Lick b 13E
PRI EDFE NN S, REHEETO/ Y FOMEEICKS

— 110 —



HARY E— bty vy 73agk Vol 27 No. 2 (2007)

WENH DB ENEZONELY, TNERPEKE L
TEHRHT 5, £, Wi 2 ik 2iEHEOK TP,
78 5 B R RAKTE D et EIc B bd B T i
o T, ERADHERICBI ZKHPE T2 0%
ZoNBID, RN D Y FOREE &I E LT
BHT %,

—77, LIDAR = » 513, 7 4 V% ) v 7R TR
L7 DSM & DEM ZHWT, ¥+ v ZHIH T — & ZE%
T 5, fHFER, BIKT 2 &Itk > TEIE & BIAREO
BEREICBVT, S0 KELED, DSM DR
MREL B MAEELEE L 2FE 5 0FEY 25HT 5,
OF—51, Frv7OBHKMEE1EL, fhiez0E L
27— Th 5, Fih, EEGEREMEGEOMEREIC
Gb¥ iy, fbEERCCT)H v 7 ) v I ET I,

3.2 MLM [CLBHEREETIOBELEIGEEAN

DE A

MLM (&, #7573V D&DHWEHNFT— 5 ~DHFIFEET
HAHHMEEIREFT LD 1DTH B, FEOMHEFTEDOH
HY T Wz, 2 BED AITHHIEG S % Logit Model & Hiiig 4
3 &, SMEHY 5 MLM (3 3 BELL Fic@ A g € 7
Th b, 517, MLM D & 5 BEEEEIR € 7 vid, 2 @1k
ENLF—=9%8 I —EHELTROAL T ENAEETH
5o T, BINFRESOAHEREAZEL, 773 0%
ROMERTEHEINE &0 5, FEREZBEEINCHEFTX
B3hETH B, VE— VY VI F— s ~OHEHITOV
T3, Setoand Kaufmann® 2SFERRICHEBEZICEE L, &%
Tk L FIRRE DFEEN S 5 Z ENHESnTE Y, #EHA
RETH DT EMRENT VS,

MLM T3, BllZ—s»oh 530 TEIHH O »
koo, BAYHONF I NBIREND ERET 5,
W-T, VE—b Y YV IF—shoREHZRTHT T
TEDORANEE IR, v Yy FNEHIC X > GEIRTERN
175 0DfTRD 6N, HAMHERD A 7T ) ~ERsN
5o WERIAE O N 73 i &, MiZnllBI 27T |
D (U 13, PTioRTR (D) ckoons,

Ui =BX1in T BX i + *** + BiXkin T Ein (1)

k 3T HOBAELREL THBY XX FBRITF— 4 T
HBo BB BRIHERD BTSN BT 4 =%
T, HAfiF— 5 E2FH L CREHETEEICL > TR N
5o £1z, X (D 3, BT — 2 cERBARESIEEE (Vi)
&, WERINCET T 23551 (en) ITT BT ENTE S,
COMEEE Vi) &, BllF—4 &5 2 -5 2R U 72IE
DOITH %0 i2A2H () FERIARRESERNEZRLTE
D, EESHITIEWY v NVAEICE 3 ERET B, Z L
T, BiFEnlcB I 3H 73 i ~NOERER P, IRNHD
EEmE» S, X Q) Itk TR SN B,

eVin

P e et @

ZNTNOHEZEIZ, HFIT) TEITROSNAZEANS
WER P, 23R, IHEROEWAH 7 I ) NEREN B,
AFETE, 773 2EEE (=0), FAEE (=D,
EmE (=2) ERET L, £z, MAEHKELTE,
Fv v 7T -2, SEGEHERGORGOSR Y FO
FEREfE, JTARANR N Y FOMEEAEHT 5700, k=37T
HBo RAEEAEKT (en) 13, KDIREED & v DIRAEL
L, F—s & LTRtaN S & TIKBIAPRATREIS BE 4 7538
KA, WERINEET 5 LIET %,
BIESNICHE 7 — & 2RI MLM T Es e e 57
Wid, SHEBOBEIE AT 270, #5737 ) THA
ZROEH T & O Wald HEHEO 7 1 2 Tl %Ry, BET
5 ETHHNT %, F 7o, BEUVERM R TUTIEED %
4 5, £ LT, HifiTr— s HEORHEEERKD 5,
INSOFE R E Z /- T, BgEE~EHT 3,
AT, Fig. VIR Lok 9, ME, ihEkE, H
AREEDIH>OEEH 7T ) & L, WEREET->TWV
3, L, BENFELTORWC b ST, K
BRATORIEED, #HTZVE-— by v I F—%
DZERIFRGE & » &/ ISP E LG, Bt At
DFEA T BAREMED S B, DX HEHE, VE—FEY
YV IF—sDATHRETZORRETHD, thoF—%
AL CTHANT 2B E OBV ETH 5, fE-T, B
AnEEE S, REBERCERRECERESEENS
TJREMED D B & EEET ZHED D B,

4. XRMEFERT—%

TG F s FURER b i SEGHT 2 oo bkl T, mdt 3,000
m, 75 2,600m OFEIKE L7z, T OMlgTIIE, 200241 H
FENCIEEFICESEIC X EIAREESFE Lz ) 7T
oW, Fio, BENIC X ZRHESEFTICRELTWS T
L HBIHERAR TR L TV B,

IR ERR T 5 IO OSRGEREREER & LT,
2003 £ 5 H NAJICHE & N2 IKONOS < )L F 2 <27 b
Wi (% 4m, LT IKONOS M%) %EH L, TD
EifglE, M7 — 5 2Hicr vy RIERLENTED, K
TPRRAE 1 MERETH 5, REORERE LTV 3,
RN ORERFE LTy F4Z2ZN TN L, Space
Imaging fED/R L 7c &2 4#0* 12 & - T, DN fEA Skt g
PR IS L 72, T E TOWET, MWEORNE AT
& o CHEES BRI 5 T EIC X AHFE OSSR S
TV, Lonl, SEEHLALT— 2135 A Nz
SNTHBY KEGEEM &L, BRCEEIEAMICX - T
WEREEASSRIS 2 C EDMER T E oo, £, RITRT
Wt DS, RIATTAIC & » THERMFEL 3 2 L 2R T

*ISpace Imaging, 2001. Space Imaging Document “IKONOS relative
spectral response and radiometric calibration coefficients” http://
www.spaceimaging.com/products/ikonos/spectral.htm (accessed
21 Jan. 2007)

— 111 —



EfMGEE RIS & LIDAR 7 — ¥ OESMITIC X 2 FRbkbk i

Table 2 Specifications of LiDAR data.

Specification Yalle
Instrument RAMS (EnerQiuest Systems)
Altitude 2100m
Scan angle 27
Scan rate 15000Hz or 24000Hz
Positional Accuracy Horizontal £ 30cm

(Nominal) Yertical+ 15cm
¥ In this study ares, two planes observed.
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Fig. 3 Test site and IKONOS imagery.

Table 3 Estimated parameters.

Intercept Band 3 Band 4 Gap
Withered -68.303 303.070 -31.103 -4.346
(Wald stafistics)  (384.7%)  (442.8%) (3681.4%) (15.41%)
Fallen -49.514 240399  -32.915 2.355
(Wald statistics) (155.2%)  (223.9%) (238.3%) (48.89)

# 0.01% significance level

Table 4 Accuracy assessment of training data.

Choice Result
; No
Withered  Fallen b Sum  Accuracy
Withered 283 1 94 378 74.8%
Training  Fallen 36 132 48 216 61.1%
data No damage 54 13 2595 2662 97.5%
Sum 373 146 2737 3256
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Fig. 4 Comparison of training data and results.
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Fig. 5 Result of the test site.
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Fig. 6 Comparison of a result and other data. Result of
this study (top left), Aerial Photograph (top right),
IKONOS (bottom left) and gap data (bottom right).
Legend of the result (top left) is same as Fig.5.
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Fig. 5. Yellow circles show low tree height area.
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Fig. 8 Comparison of result used only IKONOS band
3 and 4 (left) and result of this study (right).
Legend of the results is same as Fig. 5. Yellow
circles show significant difference between left
and right image.

HDOREID RO T &, MRS EEDSREE S oD TH B,
L»L, F¥vo 7MHF—s2MA % E7T, BIRHEEE
KB ESIAEIC B SN D T EDHERTE %,

BEB, ARHTREksnLERrb D, O
FIRME & L CGERIBE N, £, MWNIET — & TSt
LENTOWRWIRETS, #IRE LGRS @i
FAELI, DX EEFIX LIDAR =45 F v v 7
ELTEME SN AARED B 0, F o AL
BEENEBID, VE— bRV VYV ITF— 7 DATIEER
(T B EHNEETH B, DD, (KVERELSIET 5
Lo, hoZEf T — s HEEBIBL, BRAT 2 KN H 5,

5.3 RBEFE

AFHEIC K 2BHEERE, 2Ry | & THREL ] OoBlS
D OREEMGLE 21T - 720 [ 23R D | 1%, RFETHRH L 72
FAERIET — 4 LKL, WhERE R 2 HETH B
(User’s accuracy)o MHFERN S 50 [HE%E 5 v & L I1T:E#
L, ZEfEEE L CHhmEzE s Y v b Lo, [ Rk
L, B BETHESHER S N Ei» 5 50 k% 5
Y AGERL, TUPATEIC K 2GR & s L7
b, MihEREKD 5 51H:TH S (Producer’s accuracy)o
L CHEEMS A RE T B L DT, Bk E A v v a
IKHEIL, &4y valtoE | SEEICHERETZ
L, AFEICX 2RISR & g L Ttz ko 72,
Table 5 IR %2R L 7o, FhEIEHEE T 75% Hitk O Hth
K, FIRPET 80% A 2R 5 1,

Dikcih_c&icetBy, AFETRB SN HEERE
EH, mEOFLEIERESVIERTHHRLTEY, 40
FREFTENSSETHE I ENS, RIFETHRIL AT
HEOEIMEPHER TS 12—, WPRLET S 285K
HEORMHOERE LTI, 5.1 T~k ie, wE
LEWEDOERTTOI 7 e Vb T bNb, AFET
i3, EaT7E7 wromBEER LN, COERIOV
TR¥ vy 7T - D)+ v 7 ) v I FEOWED,
317 VEZE L ICFEEEAT S L TRHTE 5 0[EE

Table 5 Accuracy assessments.

Withered Fallen

User's 39750 41,750
Accuracy 78% 82%
Producer’s 37750 42,750
Accuracy 74% 84%
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