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Narrow-band
Sighature
Dual-wavelength
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Photometric Control
and Detection of
Well-known
Configuration Objects
Against the Vegetation
Background
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The theoretical fundamentals of the proposed
dual-wavelength narrow-band method of
photometric control and detection of the well-
known configuration target against the forest
background are outlined. The target is detected
by calculating its NIR- and RED- narrowband
signatures using the proposed formulas at the
wavelength intervals with a width of AA, closely
adjacent to the“red edge” area in the vegetation
reflection spectrum and further comparing
these signatures with the relevant vegetation
signatures. The proposed method provides for
the availability of a priori data on the forest
spectral signatures, as well as on the ratio of the
forest areas and the target on the generated
image.
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INTRODUCTION

The problem of photometric control and detection of
objects against the forest background using the hyper-
spectral technology was solved in a number of papers,
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BBEAEHWUE

3amada GOTOMETPUUECKOr0 KOHTPOJISL ¥ OOHAPY>KeHHSI
06BbeKTOB, Ha POHe JIecoB C IPUMeHeHHeM IHIlepCIIeK-
TPaJIPHON TeXHHUKHU pellanach B psafe paboT, Hampu-
Mep B [1, 2]. PemeHue 3TOM 331a49H aKTyaJIbHO B LIe/IX
obecrieueHUs BOITPOCOB HE30ITaCHOCTH, 3aad IIOKCKA
M CIIaceHMUsI, OpPraHU3alUu 60pLOBl C HApYIIUTEISIMU
IpaHUIBl, ODHapyskeHHsI OOBEKTOB IIPOTHBHHKA BO
BpeMsl BOeHHBIX KOHQJIMKTOB KU Ap. BmecTe ¢ TeM,
KaK OTMedYaeTcs B [2], pelleHUe 3TOM 33Ja4yM BecbMa
3aTPYAHUTETBHO, B OCHOBHOM H3-3a BBICOKOM CTeIIeHH
HM3MeHUYHUBOCTH QOHA, BKIIOYASl COCTABA PACTUTENBHO-
CTH, TeKCTYphl QOHA U YCIOBHUH OCBEIeHHOCTH. Jact-
HOM CJIy4aeM 3TOH 33/Ia4H SIBJsieTcsl oOHapy>keHHe Ha
¢oHe y1ecoB 06BEKTOB C M3BECTHOMN IUIONIA/IBIO IIOBEPX-
HOCTH. TaKMMH 06beKTaMHU MOTYT OBITh TIOH, Pa3THI-
HbIe SKHBOTHBIE, aBTOMODOLUIM, BOBHHASI TEXHUKA U JIP.,
IJIOIIAb [IOBEPXHOCTH KOTOPBIX AIIPUOPHO H3BeCTHA.
CornacHo (3], doHOBBIe 06BeKTHI B 001IeM C1y4dae obia-
JAIOT He TOJIBKO KO3QQUIIMIEHTOM 3MHUCCHH H TEePMO-
OUHAMHWYECKON TeMIIepaTypor, HO K CollepsKaT TaKkue
3¢deKTh Kak OTPKeHHe pafuanuu Heba u ComHIA,
BJIMSIHHE TeMIIePATYPhI [IOBEPXHOCTH 3eMJIH.

Obmas cxeMa [UCTAaHIIUOHHOIO OIpeleeHUs
IIOKa3aTesrel TAKUX Ha3eMHBIX 0ObeKTOB 3aK/II0YaeTCs
B CJIeAyIONIeM. B IIHPOKOM Ayaria3oHe AJIMH BOJH CJle-
OyeT pellUTb CIefyIOMyo 33Jady MUHUMHU3AIUHU pPas-
HOCTH A, KCII0/Ib3YsI MEeTOM, HAMMEHBIINX KBaAPATOB:

A- ;[EQ-L(TH,)\)— L,,1,_,M()\)]2 , D)

rae: A - IJIMHaA BOIHBI;
€, ~ K03POUIMEHT IMUCCUH UCKOMOTO “Ceporo»
00BbeKTa;

T, - TeMIlepaTypa 5Toro xe 06BLeKTa;

Loneans.cor ~ ATMOCHEPHO-CKOPPEKTHPOBAHHAS
M3MepeHHas paauanus. [locaenHss BeTUYUHA

OITpefesisieTcsa Kak:

L (N)=Lyn (V)
Lmeas cor (A) = am ’ (2)
’ Totm (A)
rae: Lmeans()\) ~ U3Me€pEeHHas pagraliusi C 06BeKTa;
Latm(A) — UCXOOHasa a.TMOC(l)epHaH panuvanus;

T(A) - oIITHYecKast TOJMIIMHA aTMOCHEPHI.

TakuM obpasom mporenypa (1)-(2) mo3BonsieT myTem
BbI6Opa €, T, yroL00UTh OTOMETPUIECKU KOHTPOJIH-
PyeMBIi1 06BbeKT K MOJEJIH «Ceporo» Tea.

BMecTe ¢ TeM Tako OOIIMI IOAXOA K HIeHTHHKA-
L[UH PAa3IMYHBIX 0OBEKTOB B KAUeCTBe «Ceporo» Tesia oue-
BHJIHO He II03BOJISIET pellaTh 33avy HAeHTHPHKALUU
00BEKTOB, HAXONSIIMXCS Ha QOHEe CO CIOKHOHM OTpaska-
TEJIBHON CIIeKTPAJIbHOM XapaKTePHUCTHUKOM, KaKOBBIM
SIBJISIIOTCSI CKOIUIEHHE JIepeBbeB M/IM MAaCCHB JIec.

=

for example, in [1, 2]. The solution of this problem is rel-
evant in order to ensure the security issues, search and
rescue problems, arrangement of protection against
the border violators, detection of the enemy objects
during the military conflicts, etc. Moreover, as noted
in [2], the solution of this problem is rather difficult,
mainly due to the high degree of background variabil-
ity, including the vegetation composition, background
textures, and lighting conditions. A special case of this
problem is the detection of objects with a well-known
surface area against the forest background. Such
objects can be people, various animals, cars, military
equipment, etc., the surface area of which is known
a priori. According to [3], the background objects in the
general case not only have an emission factor and ther-
modynamic temperature, but also contain such effects
as the sky and sun radiation reflection, influence of the
earth’s surface temperature.

The general circuit for remote determination of
such ground object indicators is as follows. In a wide
range of wavelengths, the following problem of mini-
mizing the difference A should be solved using the
least squares method:

A- ;[EQI(TE,,)\)— LyserM] 1)

where A is the wavelength;
g, is the emission factor of the “gray” target;
T, is the temperature of the same target;
Lipans.cor 1S @0 atmospheric-adjusted measured
radiation. The last value is determined as

follows:
L (M) = Ly (A)
meas.cor A = s = ’ (2)
N
where L,,.((\) is the measured radiation from the
object;

L,m(N) is the initial atmospheric radiation;
() is the atmospheric optical thickness.

Thus, the procedure (1)-(2) makes it possible to
assimilate the photometrically controlled object to the
gray body model by selecting ¢, T,

Moreover, such a general approach to the identifi-
cation of various objects as the gray bodies obviously
does not allow to solve the object identification prob-
lem that are against a background with a complex
reflection spectral-response characteristic, such as an
agglomeration of trees or a forest area.

Vegetation, and in particular the trees, has a spe-
cific reflection spectrum with several interesting nar-
row-band regions that allow to use the narrow-band
signatures to detect objects located against the forest
background.
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PacTUTeNBHOCTD, U B YACTHOCTH JIepeBbsi 06/1a1atoT
crieliuUYIECKUM OTpPasKaTelbHBIM CIIEKTPOM, obmama-
IOIIMM HeCKOJIbKMMHU MHTEPECHBIMH Y3KOIIO0JIOCHBIMHU
30HaMH, IIO3BOJISAIONIMMHU MCIIOTb30BaHHE Y3KOII0/10C-
HBIX CHUTHATYp IJIsI OOHApy>KeHHUsI 00BeKTOB, HAXOIs-
KU XCS Ha GOHe JIeCoB.

K TeopuH U IPaKTHKe KCIIOIb30BAHHS Y3KOIIOIOC-
HBIX CUTHATyp IIOCBSIIEHO psifi paboT (cMm. Hampu-
Mep [4-6]). CornacHo [4], HcHonb30BaHHE Y3KOIIO-
JIOCHBIX CHTHATyp OIIpefeJIeHHO II0JIe3HO, eCIH
CaM MCTOYHHK H3/Iy4aeT MM OTpakaeT PaJHaLMIO
B Y3KOM JIMalla3oHe JJIMH BOJIH. BMecTe c TeM, y3KOII0-
JIOCHBIe CIIeKTpPalbHble CUTHATYPhI TAKKe MOTYT OBITH
IOJIe3HBIMM, eC/IM H3BeCTHAa HeKOTOpas allphopHas
CBSA3b MeXIY 3TUMH CUTHaTypaMu. [IpypMeHHTeIbHO
K ICXOTHOM 3a/iaue 06Hapy>kKeHUS U UIeHTHPUKAIIUU
00BeKTOB Ha (OHe jieca PacCMOTPHM BO3MOXKHOCTb
GOpMHUPOBAHMS Y3KOIOIOCHBIX CUTHATYP.

Kak ormeuaercsi B pabore [7], ocHOBHas ocobeH-
HOCTh OTPa’KaTeJIbHOIO CIIeKTPa PACTUTEIbHOCTU
3aK/II0YaeTcss B 3pPeKTe KPYyTOro «KPaCHOro Iiepe-
X0fa», YTO HJIIIOCTPUPYETCS Ha pHcC. 1.

CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey
ONTUYECKME M3MEPEHUS II——
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A number of papers are devoted to the theory and
practice of using narrow-band signatures (for example,
[4-6]). According to [4], the application of narrow-
band signatures is certainly useful if the source emits
or reflects radiation in a narrow wavelength range.
However, the narrow-band spectral signatures can
also be useful if some a priori relations between these
signatures are well-known. As for the original prob-
lem of object detection and identification against the
forest background, let us consider the possible forma-
tion of narrow-band signatures.

As noted in [7], the main feature of the vegetation
reflection spectrum is the red edge effect given in
Fig. 1.

According to [7], chlorophyll available in the plants
strongly absorbs electromagnetic radiation in the blue
(400-500 nm) and red (600-700 nm) regions. In the
near infrared region, the pigments absorb radiation
on a negligible level, resulting in the formation of
a red edge region in the wavelength range of 700-
730 nm. Moreover, the red edge effect has a multipur-
pose nature for vegetation. However, the “red edge”
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Fig. 1. Spectral region of “red edge” in the vegetation reflection spectrum
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CorsnacHo [7] xnopobrii, MMEIOIMICS B pacTe-
HHUSIX, CHJIBPHO IIOIJIONaeT 3/eKTPOMArHUTHYO paju-
anuio B cuHeH (400-500 HM) 1 KpacHoH (600-700 HM)
30Hax. B OGmMsKHeN MHQPAKpPacHOM 30HEe ITUIMEHTHI
HUUYTOXHO IOIJIOMAIOT pafHallkio, B pe3yjbTaTe
4yero GOpMHpYyeTCss 30HA KPAaCHOIo Ilepexoja B Iua-
masoHe MIWH BoiAH 700-730 HM. IIpu 3ToM 3ddexT
KPacHOIo Ilepexofia MMeeT yHHBepPCAaJbHBIM XapakK-
Tep OJI1 PaCTUTeNbHOCTH. OJHAKO KPyTH3Ha «Kpac-
HOTO Ilepexofia» 3aBHCHUT OT psiia PakTOpPoB, TAKHUX
KaK THUII pacTeHUs, $eHOJOrHsi, HalUdHe cTpecca
y pacTteHus. [anee, B HACTOSILEI CTaThe M3/Iaraercs
IIpefylaraeMblil MeTofl, GOTOMETPHUUECKOT0 KOHTPOJIS
1 obHapyskKeHHsl Pa3THUYHBIX 00BEKTOB, C HM3BECTHOM
IJIOIA/IbI0 TTOBEPXHOCTH, PacIOOXKeHHBIX Ha QoHe
Jeca C IpUMeHeHHeM Y3KOIIOJOCHBIX CIIeKTPaJbHbIX
CUTHATYp, CIEKTPaJbHbIe 00JIACTH KOTOPBIX IIIOTHO
IIpHJIETaloT K o61acTu A +A, cripaBa M c/leBa HUMes
mupuHy AA (puc. 1).

METO4 ®OTOMETPUYECKOI'O KOHTPO/J14
JIOIyCTUM, 4YTO MBI HMeeM OIITHYeCKYIo CHCTeMY,
cTposimylo m3obpakeHHe obwvekTa (puc. 2). Ee crek-
TP/IbHBIM [HAIla30H OXBaTblBaeT HHTEPBA [JIHH
BOJIH [()\1—A)\)+()\1+A)\)]. [Tosaraem, 4TO C IIOMOIIBIO
NeTeKTOpa U3MepeHHsI MOTyT 6bITh ITpoBefeHbl B RED-
u NIR-30HaX MMPHUHOM AA, TOKa3aHHBIX Ha pHC. 1.
IIpy 9TOM THII ¥ CBOKMCTBA GOHOBOK PaCTUTENIBHOCTH,
B YaCTHOCTH I10Ka3aTeJIb 1|, oIlpefe/sieMbIl Kak

_ Lsep (NIR)

Lo (RED)' ©

rae: Lypp(NIR) - paguanus B NIR-guanasoHe, UCXOAS-
Imas OT Jieca, IIPH OTCYTCTBHU 06BeKTOB; L,p-(RED) -
pamuanus B RED-muama3s’oHe, HCXOAsIlas OT Jieca,
IIPH OTCYTCTBUU 00BEKTE.

OTMeTHM, 4YTO IIOKa3aTenb 1| 1U60 arpropu H3Be-
cTeH, nUbO0 oIlpenesseTcsl OIBITHBIM IyTeM, IIpHU
u3sMmepeHHH B NIR- 1 RED-n1ana3oHax Ha TOM y4acTKe
neca, TAe OTCYTCTBYIOT KaKHe-TH60 06beKThl Ha poHe
PacTUTeNbHOCTH. IIpupoma o6BeKTa, KOTOPBIA MBI
XOTUM OOHapyKUTb, HaM H3BeCTHa, TaKKe HaM
M3BeCTHA IUIOIIANh IIOBEPXHOCTH OOBEKTa IIOHCKA.
Torga MOXKHO IpeAJIOKUTb C/IeIyIOIIHUN aJITOPUTM
IenCTBUI obHApY>KeHHs 06 beKTa:

1. IlpoBenss M3MepeHHe CYMMAapHOIO IIOTOKA Sy

B NIR-muamna3oHe, HauJIeM:

Ly, (NIR)zsNIR = Lasen (NIR)[l_d], 4)

S
rme: d=—%: d - yu3BecTHas Be/IMYUHA | UHEKC «0b»
ABCD

YKa3bIBa€T ITPUHAJIESKHOCTD K O6’B€I(Ty.

=

R,

Puc. 2. Cxemamuyeckoe U306pa)<eHue pomomempuye-
CK020 06Hapy>KeHus obvekma Ha poHe pacmumeAabHOCMU

8 U30bpaxkeHuu ABCD: 1- popmupyemoe u3obpa>keHue;

2 - 06bbekm; 3 - demexmop

Fig. 2. Schematic layout of the photometric object detec-
tion against the vegetation background on the ABCD image:
1-generated image; 2 - object; 3 - detector

steepness depends on a number of factors, such as
the plant type, phenology, and availability of the
plant stress. Further, this article describes the pro-
posed method for photometric control and detection
of various objects, with a well-known surface area,
located against the forest background, with the use of
narrow-band spectral signatures, the spectral regions
of which are closely adjacent to the region A, + A, on the
right and on the left with a width AA (Fig. 1).

PHOTOMETRIC CONTROL METHOD

Let us assume that we have an optical system that
generates an object image (Fig. 2). Its spectral range
covers the wavelength range [(\,-AN)+(\,+AN)]. We
believe that the measurements can be made in the
RED and NIR regions with the width AX shown in Fig. 1
using the detector. Moreover, the type and properties
of the background vegetation are as follows, in par-
ticular, the n ratio, determined as follows:

_ LABCD (NIR)

" Lo (RED)’ ¥
where L,;(NIR) is radiation in the NIR range, coming
from the forest, in the absence of objects; Lyzp(RED) is
radiation in the RED range, coming from the forest, in
the absence of an object.

We should note that the ratio n is either a priori
known or determined experimentally, when mea-
sured in the NIR and RED ranges in that part of the
forest where there are no objects against the vegeta-
tion background. We know the nature of the object
to be detected, and we also know the surface area of
the search target. Then we can propose the following
object detection algorithm:
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2. OcyiecTB/isiss U3MepeHHe CYMMAapHOIO IIOTOKAa
Sgrep B RED nuara3soHe, HaXOOHuM:

L, (RED) = Sge, — Ly (RED)[1-4 . (5)
M3 (3) u (4) monydaem:
Ly, (NIR) = Sy =1 Lypep (RED)[1-4] . 6)

U3 (5) u (6) monydaem:

S L,,(NIR
Sup ==t = Ly, (RED) =005 == (n ). @)

C yuetom (4) u (5) monyunm:
S + Szep —(1-d)[ L (mec) = Ly, (NIR)+ Ly, (RED).  (8)

Takum obpaszom (7) u (8) mpencCTaBIsAlOT CO60M
CHUCTeMY ypaBHeHHH, rue L;(iec) sBisieTcss LOIION-
HUTEIbHO HM3MepseMbIM IapaMeTpoM Jieca B NIR-
U RED-muama3oHax, B TOM YaCTH Jieca, e HaM JOCTO-
BEPHO M3BeCTHO 00 OTCYTCTBHH KaKHX-JIN60 POHOBBIX
0OBEKTOB.

PemeHHe cHcTeMbl ypaBHeHHM (7), (8) momydeHo
B BHUJIE:

Ly(NIR)= 2% (9)
1+=
n
Ly, (RED) =g, - 21 (10)
1+=
n

rme:

a, = Sy + Saep —(1— d)[Lz(nec)],

Takum obpa3oM IpejjaraeMblll MeTOJ, JABYXBOJI-
HOBBIX Y3KOAHAIIa30HHBIX CUTHATYp I103BOJISIET IIPO-
KOHTPOJIMPOBAaTh U OOHAPYXUTh HCKOMBIE OOBEKTEI
C U3BECTHOU IJIOIIaABI0 ITOBEPXHOCTH, HCIIO/IB3YySd HUX
doromeTpuueckre H306pakeHHUs] Ha QoHe MaccHBa
Jleca ImyTeM BBIYMC/IEHMS 3HAYeHUM Y3KOIIOJOCHBIX
CUTHATyp 00BeKTOB IIOMCKA M CPAaBHEHHMS 3THX 3Haue-
HHH C COOTBETCTBYIOIIMMH II0Ka3aTelsaMu Jieca. Kpu-
TepreM OOHapPY>KeHMSI MOXKeT C/y>KUTb BBIIIOJIHEHLE
CIIeyIUMX YC/IOBUH

Ly (NIR) %L, (NIR)/d, (11)

Lsco (RED) %L, (RED)/d. (12)
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1. After measuring the total flow Sy in the NIR
range, we will determine the following:

Lob (NIR):SNIR _LABCD (NIR)[I—CI], (4)

where d= So : d is a well-known value; the “0b”
ABCD

ratio indicates belonging to the object.
2. By measuring the total flow Sg;, in the RED
range, we will find the following:

Ly, (RED)= Sy, — Loy (RED)[1-d]. (5)
We will get the following using (3) and (4):
Ly, (NIR)= SNIR‘“’LABCD(RED)D_dJ . (6)

We will get the following using (5) and (6):

SRED - SNIR = Lob (RED)_M' @)
n n
With due regard to (4) and (5), we will obtain the

following:

Swir + Sxep —(1-d)[ Ly (forest) ] = L, (NIR)+ L, (RED). (8)

Thus, (7) and (8) represent the combined equations,
where L; (forest) is an additionally measured forest
parameter in the NIR and RED ranges, in that part of
the forest where there is a confirmed absence of any
background objects.

The solution of the combined equations (7), (8) is
obtained in the following form:

a,—a
Ly, (NIR)= 2", ©
1+=
n
Lob(RED):az_az fly (10)
where: 1+ﬁ
S
al_SRED_ I:_;Ry

a4, = Snig + Sgep _(1_ d)[Lz (Hec)]’

Thus, the proposed method of dual-wavelength
narrow-band signatures makes it possible to control
and detect the targets with a well-known surface
area, using their photometric images against the
forest background by calculating the narrow-band
signature values of the search objects and comparing
these values with the relevant forest indicators. The
detection criterion can be fulfillment of the following
conditions:
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IIpenyiokeH [JBYXAHAla30HHBIM Y3KOCIIEKTPAJIb-
HBI MeToZ, GOTOMETPUYECKOro KOHTPOIsl U obHa-
PY’KeHHS MCKOMBIX O6BeKTOB H3BeCTHOM ILIOLIAAU
IIOBEPXHOCTH Ha QoHe seca. Kpurepuem obHapysKe-
HUS HCKOMOT0 00beKTa SIB/ISIeTCSI HeCOBIIaZleHHe 3Ha-
yeHUH NIR- 1 RED-y3KOIIOJIOCHBIX CUTHATyp, Jeca
M HCKOMOro o6bekTa. 3HaueHMsl BeJIMYHUH BBIUHC-
JISIIOTCSL Ha HMHTEPBAJIAX JUIMH BOJMH IIHPUHON A),
IUIOTHO MHPHJIEralINHX K 30He «KPaCHOTO Iepexoma»
B CIIeKTpe OTPa’keHMsI PACTHUTENbHOCTH II0 pa3pabo-
TaHHBIM opMynaMm. IlpeasaraeMblll MeTof IIpel-
yCMaTpHMBaeT HaJiM4yKe allpHOPHBIX JAHHBIX O CIIeK-
TPJIbHBIX CUTHATypax Jieca, a Takxke 06 OTHOIIEHUHU
IUIOIAfler j1eca U HMCKOMOTO 06beKTa B GOpMHUpYye-
MoM oToMeTpHUUecKoM H306paskeHHUH. IlomydeHBI
aHanUuTHYeCKUe GOPMY/IBI O/ BBIUMC/IEHHS Y3KO-
IIOJIOCHBIX CIIeKTPAJIPHBIX CHUTHATypP HMCKOMBIX 00B-
eKTOB IIOMCKa, MCIOJb3YeMBIX IJIsi UX KOHTPOJIs,
obHapyskeHHS U UAeHTUPUKAIUU Ha POHe MacCHBa
neca.
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Lyen (NIR) % L, (NIR)/d, (11)
Lo (RED) % L, (RED)/d. (12)
CONCLUSION

The dual-wavelength narrow-band method for pho-
tometric control and detection of targets with a well-
known surface area against the forest background is
proposed. The target detection criterion is the mis-
match between the values of the NIR and RED narrow-
band signatures, the forest, and the target. The val-
ues are calculated at the wavelength intervals with
a width of A\, closely adjacent to the “red edge” region
in the vegetation reflection spectrum according to the
developed formulas. The proposed method provides for
the availability of a priori data on the forest spectral
signatures, as well as on the ratio of the forest and
target areas on the generated photometric image. The
analytical formulas have been obtained for calculat-
ing the narrow-band spectral signatures of the search
targets used for their control, detection and identifica-
tion against the forest background.
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