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NMPOBJIEMbI
CNEKTPOPAAUOMETPUYECKOIO
HAK/IOHHOIo AUCTAHLIWOHHOIO
30HAWPOBAHMA

CTPYKTYPbl IECHOIO NMOKPLITUA

®.Azaes, 0.m.H., [. Aauesa, acn. HayuoHaasHoe
aspokcmudeckoe azeHmcmao, Baky, Asepbalidskan

MpY HAKIOHHOM AUCTAHLMOHHOM 30HAUPOBAHUU
CTPYKTYPbl JIECHbIX MAaCCUBOB MOSBNSAIOTCS
TpaneuenpasibHble UCKAXKEHUS Kaapa

CKQHUPOBaHMUS, YTO CHUXXAET 6biCTpoaeicTBME
cneKTpopaguomeTpuyeckoi cuctembl. NMpeaioxeHo
MCMNONb30BaTh XXMAKOKPUCTA/INYECKUE CNEeKTPasibHble
$GUNbLTPbI C 31eKTPOHHBIM YNpaB/ieHMEM MOA0ChI
npornyckaHus. TeopeTMyecku 060CHOBaH ONTUMabHbIA
peXxum paboTtbl GpuAbTpa B TeHeHWe Kagpa.

TPYKTYypa JIeCOB OKa3bIBaeT CHJIBHOE BIIMSIHHE
Ha QYHKI[MOHKMPOBAaHHe 3KOCHCTeM. Hampumep,
KOJIMYeCTBO, pacIpefie/leHHe U OpPHeHTAILIHs

JIUCTBEB B KPOHE JIePeBbeB BIHSET Ha CIIOCOOHOCTH pac-

TeHUM IPUHSITh POTOCHHTETHYECKH AKTHBHYIO PafH-

anuo. I109ToMy MeToAbl JUCTAaHLIMOHHOTO 30HIHPOBA-

Hus ([3), a B 0c0O6eHHOCTH HAKJIOHHOE 30H/[HPOBaHUe

(1] mo3BOMISIIOT HCC/IeIOBATh CTPYKTYPY KPOHBI PAaCTeHHUH.

Jl71s1 5STUX Liesiel TPUMEHSIIOT KaK Jla3epHoe CKaHHPOBa-

HUe, TaK U Pajapbl, YCTAHOBIEHHbIe Ha JIeTAaTelIbHBIX

amnrmaparax. M3BecTHEI paboTsl [2, 3], B KOTOpBIX OblIa

HCIIONb30BAHA aIlllapaTypa MACCUBHOTO OINTHYECKOro

OUCTAaHLMOHHOTO 30HAMPOBAHHUS B OJHOM HAaIIpaB-

JTeHUHU. BMecTe C TeM M3y4daeMble Y4acTKH 3eMHOM

IIOBEPXHOCTH OTHYAIOTCS MeXAy Cobor GopMoH, To

€CThb UX TPeXMepHasi HU3MeHYHBOCTb SIBJISIeTCS CHIBHBIM

AHH30TPOIIHEIM pedrekTopoM [4].

CremoBaTeNbHO, XapaKTEPUCTUKH OTPaskeHHUS
OT TAaKHUX PACTHUTEIBHBIX YYaCTKOB MEHSIOTCS IIpU
M3MeHeHUHU yIIa obsopa. Takum obpa3om, 60pToBble
CIIeKTPOpPaIMOMEeTPUYECKHe YCTPOMCTBA JO/DKHBL CKa-
HUPOBATh UCCIIEIyeMbIH JIECHOM MACCHUB II0[, PAa3HBIMH
YIJIaMH, T.e. OCYIIEeCTBJISTh MHOTOYIJIOBOE AHUCTAHI[HOH-
HOe 30H/]POBAaHMe B OITpe/ie/IeHHO I107I0Ce CIIEKTPa.

B Hacrosillee BpeMsl eQHHCTBEHHBIM OOPTOBBIM
CIIEKTPOPaIHOMETPOM, II03BOJISIIOIIMM IIOTy4aTh MHO-
TOYIVIOBBIe T'HIIEpPCIIeKTPa/IbHblE JaHHBIE C BBICOKHM
IIPOCTPAaHCTBEHHBIM pa3pelleHHeM, SIBJISeTCS CIIeKTPO-
MeTp BBICOKOro paspemeHusi CHRIS, ycTaHOB/IeHHBIN
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PROBLEMS

OF REMOTE OBLIQUE
SPECTRORADIOMETRIC SENSING
OF THE FOREST AREA
STRUCTURES

F.Agaev, Dr.Sc.(Eng.), G.Alieva, Ph.D.Stud.,
asadzade@rambler.ru
National Aerospace Agency, Baku, Azerbaijan

In case of forest area structures remote oblique
sensing their appear trapezoidal scan frame
distortion, that decreases the spectroradiometric
system operation speed. It's proposed to use liquid
crystal spectral filters with electronic bandwidth
control. The optimal filter mode during the frame is
theoretically justified. It is common knowledge that
the structure of forests has a significant impact on
the functioning of ecosystems.

or instance, plants’ ability to absorb

photosynthetic active radiation is in many

respects determined by the distribution and
orientation in the crown of trees. Oblique sensing
makes it possible to examine the structure of the
crown from one or several directions [1]. For these
purposes, both laser sensing and aircraft-mounted
radars can be used. In some cases [2, 3], single-
direction, passive, remote, optical sensing equipment
was used for these purposes. At the same time, as
it is pointed out in paper [4], many land areas are
characterized by three-dimensionality and are a
strong anisotropic reflector.

For this reason, reflection properties of such
forest areas vary with changes of the viewing
angle. That’s why the on-board spectroradiometric
equipment must ensure the scanning of woodland
under investigation at different angles, i.e. it
must ensure remote, multi-angle sensing in a
particular spectral band.

It is known that the only currently-available
on-board spectroradiometer that allows to
obtain many-angle hyperspectral data with a
spatial resolution is the CHRIS high-resolution
spectrometer installed on board of the PROBA
satellite [5]. At the same time, as pointed out
in papers [6, 7], it is still unclear which zenith
angle of the remote sensing is the optimal one for
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Ha 6opTy cnyTHHKA PROBA [5]. IIpu 3TOM [0 CHX IIOp
OCTaeTCs HeBBISICHEHHBIM BOIIpocC [6,7], KaKOM 3eHHT-
HBIH yTOJ IUCTaHI[MOHHBIX CheMOK SIBJISIeTCSI Hauboee
ONTHMAaJIBHBIM [JIS1 IIOJTy4YeHH I MaKCUMa/IbHON HHPOP-
MaL{H O CTPYKTYpPe KPOHBI JIECHBIX MAaCCUBOB.

CrniekTpopazuomerp PROBA/CHRIS (1] - rumepcriek-
TPOMETP, PaboTaIOMMI B CIeKTPaIbHOM [HaIla30He
411-1004 HM, YHCIO CIOEKTPaJIbHBIX KaHaIOB - 62,
IIpu CIIeKTpaJIbBHOM pa3pellleHHH 5-12 HM 3TOT Iprbop
30HAMpYyeT Ion, yraaMmu 55° 36° 0; -36° -55°
IIpocTpaHCTBeHHOE pa3pelleHre PAaBHO 34 MeTpam IIpU
oxBare CleHbI 13x13kM. Cor/tacHO pesy/IbraTaM SKCIIePH-
MEeHTAJIPHBIX HCCIIeIOBAaHUI (1], B X0le KOTOPBIX ObLIH
IIPOBeJIeHbI CIIeKTPajIbHbIe U3MEPeHHs BCero Ha IISTU
IOUCKPeTHBIX IJIMHAX BOJH (550; 675; 740; 805; 970 HM),
MHOroyr/1oBoe /I3 JIeCHOro MacCHBa IT03BOJISIET YMEHb-
IIUTh IIOIPEIIHOCTh ONpeaeeHHOro HMHAEKCA [A]
(MH[IEKC IUCTBEeBOrO IOKPBITHS). Tak, 41t ByKOBBIX Mac-
CHBOB 3Ta IIOrPeIIHOCTb YMeHbIIMIach € 32 % N0 18 % , a
/151 JTOBBIX MaCCHUBOB - C 58 % 110 26 %. Ho IIpu IJIaHKPO-
BaHHUH IOJOOHBIX SKCIIEPIMEHTOB C/IeflyeT YIHUTHIBATh
IIMPOKHE BO3MOKHOCTHM HAKJIOHHOTO MeTOJA AMCTaH-
LIMOHHOI'O 30HAXPOBaHMs. OHHU He OrpaHHYeHBbl CKY[-
HBIM HabOpOM HCII0/b3yeMBIX [JIMH BOJIH. TaKOM BBIBOT,
IIO3BOJIAIOT CHE/IaTh II0Jy4YeHHbIe CIIeKTPhl OTPasKeHH s
OyKOBBIX H €JIOBBIX JIecOB. II0TeHIIMa/bHasi MHPOpMa-
THUBHOCTb CIIEKTPOB OTPa’kKeHUsS MOCTATOYHO BBICOKA
B OTHOCHUTEJILHO IIIMPOKOM AHalia3oHe JJIMH BOJIH.

[losToMy HaM MpenCTaBIseTCs, YTO IIPU OpraHH3a-
LIMK aHAJIOTUYHOI0 CAMOJIETHOIO SKCIIEPUMEHTA C/IeyeT
y4ecTb HeKOTOpble obCTosiTeNnbCTBA. EC/IM paccMOTpeTh
reoMeTPHUUEeCKyl0 CXeMy MHOIOYITIOBOTO (HaKJIOHHOIO)
OUCTAHIIMOHHOIO 30HAUPOBaHUS (PHC.1), TO CTAHOBUTCS
IIOHSATHBIM, KaK IIOSBJISIOTCA TpallellerJasibHble HCKa-
SKeHHS TIPSMOYTOJIBHOIO KaJpa 30HAMpoBaHHA. Kak
BHUJHO, H3MeHeHHe GOPMBI HCCIelyeMOH 3eMHOM
[IOBEPXHOCTH OTPa’kaeTcsi B H3MEHEHUH BeJIHYHHBL
YIJIOB HAaKJIOHA ITPHO0pa K CKAHUPYyeMOMY Y4acTKy. Tak,
IIpH Iepexofie oT yria B =90° K yIiy y =~ 45° CTOpOHbI Tpey-
ronbHUKA OAA,, T.e. OA, 1 OA, 3aMeTHO yIJIMHSIOTC,
TaK KaK yroJ pasBepTKH o U BbICOTa rmoteta OA, = h ocra-
IOTCSl IIOCTOSIHHBIMH. B TpeyronbHuKe OA;A, yIJIMHe-
HHe CTOPOH IIPH o =COoNSst PaBHOCHMJIBHO YIJIMHEHHIO
CTPOKHM OT BeJIMUUHBI A A, 10 3HaUeHUS A A, .

Haee MpH IJIAHMPOBAHUM 3KCIIEPUMEHTA HaKJIOH-
HOT'0 JUCTaHIIMOHHOIO 30HIHUPOBAHUS CJIeyeT Y4ecTs,
YTO BBICOKAsl CKOPOCTh CKAaHMPOBAHMS TMIIEPCIIEKTPO-
MEeTPOM BeJleT K CHHKeHMIO 3HePreTHYecKoro YpoBHS
BBIXOZHOIO CHMTHajaa. JTO OrpaHMYMBaeT OTHOLIEHHE
CUTHAJI/IIYyM W IIPUBOIUT K CHH’KeHHIO UHOOPMaTHB-
HOCTH TIOJOOHBIX 3KCIIEPHMEHTOB. BbIXon M3 co3/aB-
IIerocsi IIOJIOKeHHSI — MCIOJb30BaHME 3JIeKTPOHHO-
yIIpaB/IsieMBbIX >KHUIKOKPUCTAJUIMYECKHUX OINTHYEeCKHUX

i g

obtaining the maximum amount of information
on the structure of forest areas’ crown.

As it is pointed out in paper [1], the PROBA/
CHRIS spectrometer is a hyper-spectrometer
operating in a spectral band of 411-1004 nm, with
62 spectral bands. With a spectral resolution of
5-12 nm, the device can perform sensing at the 55°;
36°; 0; -36°; -55° angles. The spatial resolution is 34
meters, with area coverage of 13kmx13 km.
According to results of the experimental research
presented in paper [1] (during which spectral
measurements were carried out at five discrete
wavelengths (550 nm; 675 nm; 740nm; 805 nm; 970
nm)), the multi-level remote sensing of a forest
area allows to reduce the index determination
error LAI (foliage cover index) from 32% to 18% for
beech forest areas and from 58% to 26% for spruce
forest areas. However, when planning such
experiments, one should take into account that
potential capabilities of the remote, oblique
sensing method go beyond the use of a such
narrow band of wavelengths. Such conclusion can
be drawn on the basis of the obtained reflection
spectrums of the beech and spruce forests.

The potential information capability of the
reflection spectrums is rather high in a relatively
broad band of wavelengths. Further, we believe
that, when organizing a similar experiment on
board an airplane, the following circumstances
should be taken into account:

1. When remote, oblique sensing is carried out,
trapezoid distortions of the rectangular sensing
area occur (See Figure 1). As may be seen in Figure
1, when angle p=90" is changed to angle y=45", the
sides of triangle OA,A, , i.e. OA, and OA, , become
elongated because scanning angle o and flight
altitude OA,=h remain constant. In triangle
OA,A,, the elongation of sides with o=const is
equivalent to the scanning line elongation from
AA, 10 AA, .

2. When remote, oblique sensing is planned,
a low energy level of the output signal at high
scanning speeds should be taken into account.
While reducing the signal-to-noise ratio, it
significantly reduces the information capability of
such experiments. One solution to the problem s the
use of liquid-crystal, optical filters whose channel
bandwidth establishment time is not greater than
150 msec. It is an easy matter to calculate that,
given an airplane flight speed of 500 km per hour,
the potential geometrical resolution may be 20
meters at one, single wavelength. And since the
transmission coefficient sufficiently high, it will
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GUIBTPOB, B KOTOPBIX BpeMsl YCTAaHOBJICHHS KaHajla
IIPOIIYCKAaHUA He mpeBbiaeT 150 mc. HeTpyaHo mocuu-
TaTb, YTO IIPH CKOPOCTH II0JIeTa camosieTa 500 Km/d4,
IIOTeHIIMAJIbHOe TeOMeTpHYecKoe paspelleHre Ha
OIHOU [JIMHEe BOJIHBI AOCTUTHET 20 MeTpoB. IIpu 3ToM
KO3GOUIIMEeHT MPOIYCKaHMS MMeeT JOCTATOYHO BBICO-
Koe 3HayeHHe, YTO II03BOJISeT IIOJIyYUThb BBICOKOE
3HayeHHe OTHOIIeHWS CHUTHAJI/IIyM II0 CPaBHEHHIO
C TUIEPCIIeKTPOMETPaMH.

Cpenu IPOYMX IIPEHMMYIIECTB >KUAKOKPUCTAJIIH-
YeCKUX ONTHUYeCKHUX OGHUIBTPOB [8] OCHOBHBIMHU [JIsS
KICTIOTB30BAHUS B [13 IBJISIFOTCS: BBICOKUI KO3PPUITUEHT
mporyckaHus (o 60-80 %); BbIcokoe OBICTPOZEHCTBHE
PEryJINpPOBKH AJIMHBI BOTHBI ITPOITycKaHUS (150 MC); BO3-
MOKHOCTb HeIIPePhIBHOM PeryJIHpoBKH II0JIOCHL IIPOITY-
CKaHMUS HA BEIGPAHHOM J/TMHE BOJTHBL.

ANIIPORCUMHPOBAHHAS aMIUIUTYIHO-CII@KTPajb-
Has XapaKTepPHCTHKA IIPOIYCKAHUS SKUIKOKPHUCTAJIN-
4eCKUX QUIBTPOB MpHBeleHa Ha puc.2. Kak BUIHO
U3 rpadrka, Ko3pPUIIMeHT IIPOIYCKAHUA B IHAIIa30He
650-850 HM JIMHeIHO BO3pacCTaeT, a Jajiee B JHaIla30He
850-1050 HM JIMHEIHO IajaeT. ABTOpHI paboTsl [1] obHa-
PY>KMJIM, YTO BBICOKAsI TOYHOCTH OIIpene/ieHus 3Have-
HUS HHeKca LAL TOCTYDRMMA TP paboTe B HECKOJIBRUX
CIIeKTPa/IbHBIX AHalla30HaX, HO IIPHU OOHOM IIOCTOSIH-
HOM 3HayeHUH yIJla HaKJIOHa B To >ke BpeMs IIpHU
KCIIOJIb30BAaHMHK OAHOIO CIIeKTPAJIBHOIO [OHarla3oHa,
HO HeCKOJIBKHX 3HaUeHHH YITIOB 3aMeTHO HIDKe, OGHAKO
TaKOH Pe3y/IBTaT He MOKET ObITh ITPH3HAH BBICOKOITPOH3-
BOIUTETIBHBIM, TaK Kak obllee BpeMsi CKAaHHPOBAHUS
JKK-¢punsrpom Ty 4yepes Bce AHAIIa30HBI COCTABUT

T,=nT,,

Ie N - KOJIMYeCTBO CIIeKTPajbHBIX AUAIA30HOB;, T, -
BpeMsI O HOIO IIePeK/IIOYeHM .

OueBHMAHO, YTO Ype3MepHOe yBeJIHuYeHHe N IIPHBO-
OUT K yBelIMYeHHIO Ty, a 3TO BeJeT K CHUKEHHIO
bpicTpomericTBUS cHUCTeMBbl [13. IIo 3TOM IpHUUYHHe
HMeeT CMBICTT HEeCKO/IBKO CY3HTb CIIeKTPAJIbHBIN AHara-
30H, BBIOpaB M3 Hero Havbonee NHGOPMATHUBHBIN y4a-
CTOK. B TakoMm ciaydae 3amada HCCIeJOBAHUS MOXKET
6bITh CPOPMYIHPOBAHA CIefyIONIUM 06pa3oM: oIpene-
JUTh ONTHMAJIBHBIN CIIEKTPA/IbHBIN MOAHAIIa30H
M3 CIeAYIOIIero MHOXKeCTBa OJIHH BOIH: 650-850 HM;
850-1050 HM [Aad TOAy4eHHS MaKCHMaJIbHOU
UHPOpPMaLIHH.

C yueToM TpaleLleUaNIbHOM GopMBbl 0630pa 3eMIu
[IPY HAK/JIOHHOM 30HJMPOBAaHUH 00OIee KOITHYECTBO
MHQOpMAllMH II0 BCeM CTPOKaM KaJpa BBIYHCIUM
KakK

T,

M, = mj Tlog, w(A)dT, D
T .

min
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HanpasneHne
L~ ABMXEeHNS

Puc.1. Cxemamuueckoe npedcmasaeHue MHO20y2/08020
(HAKAOHH020) BUCMAHULUOHHO20 30HOUPOBAHUS

Fig. 1. Schematic representation of the many-angle (oblique)
remote sensing

be possible to obtain a significantly high signal-to-
noise ratio, compared to hyperspectromerters.

As reported in paper [8], the main advantages
of the liquid crystal optical filters include the
following: high transmission coefficient (up to
60%-80%); high speed of transmission wavelength
adjustment (150 msec); possibility of continuous
control of the bandwidth by wavelengths and
other advantages.

The  approximated amplitude-spectral
characteristics of liquid-crystal filters are
presented in Figure 2. As Figure 2 shows, the
transmission coefficient demonstrates linear
growth in the 650-850 mm band and linear
reduction in the 850-1050 nm band.

As pointed out in paper [1], the main result of
this research is that several spectral bands and
one particular scanning angle give better accuracy
of determination of the index LAI than one
spectral band and several scanning angles.
However, such result can hardly be regarded as a
highly productive one because the total time of
passage of the liquid crystal filter T, through all
the bands will amount to

T,=n-T,,

where n is the number of spectral band and T, is
the time of one switching.

It is obvious that that significant increase of n
will result in an increase of Ty, which may cause
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rae T - IIMHA CTPOKM CKaHupoBaHus, T . , T . - MHHHU-
MaJIbHble U MaKCUMaJibHble 3HaYeHUs T. CUuTaeM, 4To wiT,
CTPYKTYypa MCCIeIyeMOro JIeCHOI0 MaCCHBa T'OMOIeHHa
Y CIIEKTPAJIBHBIH TUATIA30H 30HAHUPOBAHUSI MOXKET OBITh 60
M3MeHeH HeIlpepbIBHO BO BpeMeHHU. [1py 3ToM BBOOUTCS
Ha paccMOTpeHHe QYHKLIHUS A= X(T), ompenesomas

V3MeHeHUe JJIMHBI BOJIHBI [IPH HU3MEHEHUU IJIMHBI 20 |
cTpok. CiejoBaTeIbHO, BhIpaskeHHe (1) IPpUHHUMAET Cle-
OYIOUTHH BU: i
Tinax 20 |+
| T-log,y[A(T)]dT. @ I
Thin
BeipaskeHue y| A(T) | BBIpasuM Kak o ! !
P W[AM(T)]eerp 650 850 1050 A, HMm
MT) [=w,+w7-A(T). 3 .
YIAT)J=vo i M(T) Puc.2. /luHeliHo-0uckpemHas annpokcumauus ko3pduuu-
eHma NponycKaHus XuodKokpuCmanau4eckux puabmpos
Cyderom (3) BrrpakeHHe (2) HAMHUIIEM KaK Fig. 2. Linear-discrete approximation of liquid crystal filters’

Trmax transmission coefficient
| Tlog, [w,+v;-A(T)]dT. @
Thin
[IpUHSIB HUCXOIHOE IIpeAIIoNIosKeHHe o JTMHeNMHOCTH || significant reduction of the operation speed of the
oyuxuun A(T), orpaHHUYHTENIbHOE YCI0BHe COpMYIH- || remote sensing system. For this reason, it will be
pyeM Kak sensible to slightly narrow the spectral band,
Toae selecting its most informative range. In this case,

f AT)dT=C. (5) Il the research task may be formulated as follows:

T,

min
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C yueToM BbIpaskeHUH (4) U (5) dyHKIIMOHAI De3yCc1oB-
HOM ONTUMH3AIMHU 3aIIKIIeM CJIeyOIIM 06pa3oM

Tiax Tax Tinax

r— J M.dT = J'Tlogz[\voﬂh ]dHYJ.

T, T,

min min

T)dT, (6)
I7le Y - MHOKHUTe/Ib JIarpaHsKa.

CornacHo mpaBuly Jijepa, pellleHHe OINTUMM3alH-
OHHOM 3a/]a4H JOJIKHO YI0B/IETBOPHTD YCIOBHIO

dm
da(T)

C ydeToM BeIpasKeHHUH (6) U (7) ONyuYnM

=0. @)

Ty}
In2[y,+v;-A(T)]
U3 BeIpaskeHUS (8) HMeeM

A(T)=—

INomcTaBUB BeIpasKeHHe (9) B ycoBHe (5), IIONTYyUNM

+y=0. ®)

T v
—_— . 9
yIn2 ®

Tmax

- J |:Yln2 W)

Tin

}dT C. (10)

U3 BeIpaskeH U (10) okOHYATE/IbHO HAXOIYIM:
(Tax~Tain)

max min

Y=- . an
21n2 C+—w°(T‘““ ~Toin)

’

Vi

Taxum 06pa3oM, Kak BUAHO U3 IIOTy4YeHHOrO pellle-
Hu4a (9, 11), IIPH II0JIO’KUTE/IBHOM 3HAYeHUH BeTHYKHbI
v, uckoMasi GyHKIHS A(T) IB/sieTCsl TMHEKHO PacTyIlen
dyukiumen T. IIpy OoTpULIATeNbHON BenuuuHe v}, A(T)
IIpeBpallaeTcs B IMHELHO CIIAJA0My 0 GyHKIHO T.

CrieoBaTebHO, €C/TH B KadecTBe pabodero romaua-
Ia30Ha BbIOpaTh MHTEpBaN 650-850 HM, IIe W) KUMeeT
IOJIOKUTe/IbHOe 3HaueHMe, chcTeMa OyneT paboTaTsh
B OITHMAaJIbHOM PeKHMe IIPH YCJIOBHHU JTHHELHOIO yBe-
JTMYeHUS JIMHBI BOJTHBI 30HAUPOBAHMS A BO BpeMeHU T
. TakoH peskUM 30HIUPOBAHMUS obecIieurBaeT HCCIIe0-
BaHMe Pa3/IMYHBIX TOMOT€HHBIX YYaCTKOB JIECHOTO Mac-
CHBa Ha pasHBIX JJIMHAX BOJAH. B oT/IHMUYMe OT MeToAa,
HICIIONB3yeMoro B paboTe [1], HOBBIM PesKHM I103BOJISIET
M3BJIeYb MaKCHMaJIbHOE KOJTMYeCTBO MHPOPMALIHH [/
BBHIYMC/IEHHS BeTreTALIMOHHBIX HHJIEKCOB JIeCHOIO
y4acTKa, MCIOIb3Ysl HelIPephIBHbIE CIIeKTPA/IbHbIe JaH-
HbIe OTPasKeHHU.

ChopmynrpyeM OCHOBHBIE BBIBOABLL M IIOJIOXKEHMUS
IIPOBeAeHHOI0 HCC/IeA0BAHM . BO-TIepBhIX, IIPU HCIIO/b-
30BaHHH HaKJIOHHOI'O JUCTAHIIMOHHOIO 30HAUPOBAaHUU
CTPYKTYPBI JIECHBIX MAaCCHBOB BO3MOXKHO IIOSBJIeHHE
TpameLenJaAbHBIX UCKa’)KeHUHM KaZpa CKaHHPOBAHHS.
C y4eToM ITpoBeJleHU I TUIIePCIIeKTPa/IbHBIX H3MepeHHH
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Determination of the optimal spectral sub-range
from the set {650-850 nm; 850-1050 nm} which will
be the best one from the viewpoint of obtaining the
maximum amount of information.

With due account taken of the trapezoidal
earth surveillance form in case of oblique sensing,
the total amount of information in all the lines
will be calculated as follows:

T,

max

M, = [ Tlog,y())dT, ey

Tnin
where T is the length of the scanning line and
T in> Tmax are the minimum and maximum values
of T. We assume that the structure of the forest
area under investigation is homogenous and the
sensing spectral range may be changed
continuously in time. In addition, the function
L=A(T), which determines the wavelength change
with the change of the line length, is introduced.
Consequently, the expression (1) assumes the
following form:

Tax

j T-log, y[A(T)]dT, (2)

min

The expression y[A(T)] will be expressible as
YMT)]=wo+ ;- M(T). 3)

Taking due account of (3), the expression (2)
will be written as follows:

Tiax

J Tlogz [\Vo"‘\l’x

Having accepted the assumption that function

A(T) is linear, restrictive condition can be
formulated in the following way:

(T)]dT. 4)

T,

| MT)dT=C. (5)
Thin

With account taken of the expressions (4) and
(5), the unconditional optimization functional
can be written as
F= j M-dT= ITlogz[woﬂh )]de+y j A(T)dT, (6)
where v is the Lagrange multiplier.

According to the Euler rule, resolution of the
optimization task must satisfy the condition:

dm
da(T)

Taking into account expressions (6) and (7), we
arrive at

@)
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KMCKa’kKeHHs TaKOro pofa MOLYT IIPUBECTH K CHHKe-
HUIO OBICTPONIEHCTBUSI PaboThl CHCTeMBI. BO-BTOPBIX,
B CHCTeMaxX HaKJIOHHOTO 30HAHPOBAHUSA CTPYKTYPEI
JIECHOTO ITOKPBITHS 11e/1ec006pa3HO HMCIIONb30BaTh SKU-
KOKPHCTA/I/IMYeCKHe CIIeKTpa/JIbHble QUIIBTPHL C 37IeK-
TPOHHBIM YIIPaBJ/IeHHeM II0/I0OCOH IIPOIYyCKaHHUS. TaKkHe
JKK-QUIBTpBI IPUAAIOT U3MEPUTEIbHOM cHcTeMe 607b-
MUK Ko3QOULIMEHT MNPONYCKAHUS. B-TpeTbux, HJIS
JOOCTMIKeHHSI MaKCHMMaJabHOM HMHQPOPMATHUBHOCTH
pa3paboTaH MeToJ, OpraHHM3aI[UM PeKHMMa HeIlpepbIB-
HOI'O BPeMEHHOI0 M3MEeHEeHMS II0JIOCHI ITPOITyCKaHHS
KK-punerpa B TeueHHe OSHOIo Kagpa. CheMKa Ha BO3-
pacTapmeM ydacTKe aMIUIMTYLHO-CIIeKTPaIbHOM
XapaKTePUCTHUKH IIPoIycKaHus JKK-GUIBTpa JaeT BO3-
MOSKHOCTb OIITHMHU3UPOBATh PaboTy CHUCTeMBI HaKJIOH-
HOTO 30HAMPOBAHH S CTPYKTYPBI JIECHOT'O IIOKPBITHS.
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From the expression (8), we have

+v=0. (8)

_ T Y
AT)= yIn2 v 9)

Having substituted the expression (9) into the
condition (5), we obtain

Trnax

_ J’ [LJF Yo

o Lyln2 v}

min

}dT: C. (10)

Taking the expression (10), we finally arrive
at:

(Trznax _Trznin)
Y=- . (11)
21n2 C+ WO (Tmax _Tmin)
v

Thus, as seen from the obtained solution (9, 11),
when V¥ is positive, the desired function A(T) is
linearly growing function T. When the value V; is
negative, A(T) becomes a linearly decreasing
function T.

Consequently, if the 650-850 nm sub-range is selected
as the operating sub-range (where V; is positive), the
system will operate in the optimal mode, provided that
linear growth of the wavelength A in time us ensured.
Such sensing mode ensures exploration of various
homogenous forest areas at different wavelengths. Unlike
the mode described in paper (1], this mode makes it
possible to obtain the maximum amount of information
for further calculation of forest areas’ vegetation indices,
using continuous spectral reflection data.

In closing, we can state the following main
conclusions and principles of the research
carried out. At first, it was observed, that, in
the course of the oblique remote sensing of the
forest area structure, the trapezoidal distortion
of the scanning raster may occur. In view of the
need to carry out hyper-spectral measurements,
this may cause reduction of the system operation.
Second, it was also noted, that, in the systems of
oblique sensing of forest area crown structure, it
would be practical to use electronically-controlled-
transmission-range liquid crystal filters with a
high transmission index. And it was shown, that
it is possible to optimize operation of the system of
oblique remote sensing of forest area crowns in order
to obtain the maximum amount of information
using the raising section of the amplitude-spectral
characteristic of liquid crystal filters in the mode of
continuous change of the filter transmission band
within one particular frame.
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