


Introductlon

Recogmtlon of ob_]ects on the ba51s of thelr spectral reﬂectlve charactens- >
- tics is one of the central problems in remote sensing -of the Earth surface.
(Note that smrular problems 1nvolv1ng emission or absorption spectral char-
acterlstlcs 1nstead of the reflective ones arise in many other fields of applled
g spectroscopy as-well.)-. In most of the sensors, used i ‘in_remote sensing, the
" ‘spectral range is split into separate non- overlapplng bands (or “channels”)
- “and the output is vectorized. ‘The number, width and. location of the chan-
‘ ':; nels are lmportant character1st1cs of the sensors and- may vary in very- large’
hm1ts " Here are a few examples ‘the Nlmbus-7 system has 4 channels (20

-nm. w1de each) in: the visible region’ (VIS) and 1 of 100 . nm - in the near.

 infrared region (N IR); Landsat MSS has 4 channels 100 am w1de each; the -
w1dth of the 4. channels of Landsat TM varies from 60 to. 140 nm; Skylab
~ MSS ha.s 12 cannels in VIS and NIR about 50 nm.wide. each [1]. The russian
earth resource satehtes “Meteor are. supphed w1th scanners MSU—M with"
4= and MSU-S - w1th 2 channels, “Fragment” has 8 cannels in VIS and
NIR [2]. The trace spectrometers developed in.the Bulgarlan Academy of
Sclences can operate -upto 256 narrow spectral bands in VIS, and N IR range -
[3 4]. The data volume from aircrafts can be still higher [1]. SRR

Multlchannel experlmental data may be represented by p01nts in the n-
g d1mens1onal linear space R, referred to as”characteristic space (n standmg

l'or the number of channels, of the’ spectrometer) Points that correspond to
different measurements of_ the same object normally. lie: close to each. other,
~ thus forming cIusters, p01nts from" d1fferent objécts are expected to belong
to separate’clusters 1, p. 76].- Most of the methods for classxﬁcatlon and -

LR recognltlon of ob]ects acqulre ‘quite a s1mple geometrlc meamng in’ terms

~_of -characterisic. spaces; these methods can only be apphed ‘however, if all

. the experlmental data. under con81deratlon belong to the same charactenstlc W /
. space, i.e. if they are obtained with spectrometers w1th the same number

~location and wzdth of the channels If this is not the ca.se, ‘the spectral data
~from ‘different spectrometers cannot be’ compared dlrectly The commonly
"~ used procédure here consists in constructlng models for the spectral densities
~that are being compared ‘with some parameters whlch are later determined -
" from the experimental data. If the different sets of parameters (as extracted -
-from the different sets of data) are consistent within the uncertalnty related
to. thelr spec1ﬁc statlstlcal propertles the correspondmg ob_]ects cannot be




: dlstmguxshed and vice versa [5, p. 25] In the present paper we suggest an.. ;5,’, LR

*" alternative method for comparison of expenmental data’ obtamed w1th dif- - - 1 SRR

" ferent spectrometers ‘We derive a model-independent linear transformatlon

of the experimetal data that maps the characteristic space ‘associated with

. .one of the spectrometers onto the characteristic space of the other one. The
transformed ‘data - ‘now belongmg to the same: charactenstlc space - are

: shown to be dlstrlbuted by the multivariate normal distribution that allows -
for standard statlstlcal methods to bé apphed in the class1ﬁcatlon and ob Ject

recogaition tass (5

2 The ’1nterp olatlon formula 5»}

- ~~Let p(/\) be a smooth enough functlon of z\ p(,\) E C [,\mm’ m"]’ and denote LD

‘ ak,bk,a b only
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SUCh that Eq3 1s exact (1 e: the remalnder R,.(a b) vanlshes) for (a b)
7\(ak’ bk), ‘ - 1 ‘.:'f’» ? Livh it / R g

Cons1der the polynomlal P(,\) :-_—01 c,,\l \ s
, mlned from the requlrement that R
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\ 'Smce fb"(P(z\) - p(,\)) d/\ = 0 there exrst n pomts fk,ak < E;. < b;.,k = ;

7 1 7, such that P(f;.) = p(Ek), therefore P(/\) isa Lagrange s mterpolatlon
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Here are the expllclt express10n of uy for the few lowest values of n:

polynom1a1 of p(z\) through the pomts E;., S 1

r(A) H(A f. ‘ (E),mlna.<f<maxb-

. r N e

= ;\ < The coefﬁcrents o satlsfy the system of lmear equatlons o

l'-l B

For nonc01nc1d1ng (ak,bk), g k = 1 ,n (WIth the exceptlon of the few -

u)Pm+mrfﬁff®Q

pecuhar cases “when. occasionally” det(M )= 0) Eq.5 has ‘a“unique “solution

‘ ‘(b—-a)(b +a,'—b )
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- G =Yr MY, “After substituting these ¢;’s back in P(}) we obtam for + :"
the 1ntegral of P(z\) over an’ arbltrary 1nterva1 [a b] the e express1on ;

,ii_ fﬂ»a Th et a)fi = a_mn,¢: @i

7" ‘.‘ ﬁ ER " u = ""'_ 1. b';a ._kl RS (7)

e._,;. bemg the 3-d1mens1onal antlsymetrlc tensor, 5123"= 1. For hlgher n the e
G exphc1t expressions of u- become far too comphcated solv1ng numer1ca11y4

~Eqbis much srmpler in this case. -

, Integratlng Eq.4 with respect to' A over [a b] now leads to. the mterpola- i
- tlon formula of Eq 3 w1th the followmg exp11c1t express1on for the remamder ‘

o Ra(ab):
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.as a llnear transformatlon of the randorn vanables Yk | Y
a random varlable w1th N (y, 2) dlstnbutron where (see [6])

) ‘spectral measurement of a sample ob]ect inn spectral bands andY! -

Transformatlon of the characterlstlc spaceh

3

Let p(/\) be the spectral characterlstlc of an’ obJect as-a- functlon of the B
: wavelength A, and-let the spectrometer we are us1ng have n, channels with

constant sens1t1V1ty within the bands a; <. z\ < bey k= 1 ,n,-and. 0

" “outside’ them. What we shall obtain as’an output from our spectrometer - B
“are the quantities Y; (See Eq.1), and . Y (see ‘Eq.2) should be measured in " -

the spectral band @ < X < b The interpolation formula of Eq:3 allows ..
for expressing Y i in tefms of ¥ in a model-mdependent way, provrded that -

p(}) is smooth enough R,,(a b) (see Eq 10) glva an estlmate of the p0551ble t
' maccuracy of our guess. ol ey L
- In case. the Y}. s are experlmental values they should be regarded as ran-:
dom varlables Under quite general assurnptlons {1, p. 209] they can be shown
= to be 1ndependent and the 1nd1vrdual distribution of any of the Ya’s to be -
" normal. -with mean value Yk and dlspers1on az (also denoted as N (yk,a'k))
) 'Leav1ng out the remalnder R,, we now may 1nterprete the 1nterpolat10n for— -
mula SRS ~ : : . , ~

Eqs 11 12 may be usedk1n solvrng the follow1ng problem, closely related
to obJect recogmtlon “Let Y, k=1,. ., n be the e:cperzmental data from the

result from the measurement of some unknown ob]ect in'a spectral ‘band that =

* may not coznczde wzth “any of the former n. What is the probablzty .p that the

. unknown object ‘be dzstznguzshed from the sample one_ on the basis of these

'spectral measurements’? Or,vzce versa, what i is the probabzhty pP= 1- P that
Y* be'a measurement of the same sample spectrum as, the Yk s” Here is the S
ialgorlthm we suggest S . — :

1. Calculate the coefﬁcrents ugin the transformatron formula (3) (by ei-
‘ ther usmg Eqs 8—9 or solvmg Eq 5 numer1cally and then usmg Eq 7), )

bethe

2 Calculate from Eq 12 the parameters y and a’z of the normal dlstrlbu- -
*_tion of the transformed variable Y* (usrng the sample values for y,,, o2
\'1f no other estlmates are: avallable), , .

g e

: 'Apply the approprrate statlstlcal criteria (see [6] [7] or any other hand-
o " < book in'mathematical statlstrcs) to check the consistency of the exper- -
-t imental value Y” with the N [(y, o?)-distribution obtained" above, (For: .
"7 ‘example,in the s1mplest case when Yk “and crz are the exact (rather than‘ 4
- -sambple) values. of the parameters of the d1str1but10n of Yk, and Y’ i is a
"’f"srngle measurement p—erf(-vl)) SIS ey e

el The generallzatlon to multlchannel data is qurte stralghtforward Let :
Yk, k=1,...,n be the’ e:cperzmental data from the spectral measurement of
j',a sample ob]ect inn spectral ‘bands,” and Y;,l —,1 .m, m < n “be- thevtﬁ_
‘ ,spectral measurements of some ﬂnown ob]ect inm spectral bands: that may
;not coincide with any of the. former n. What is the probabhty p that the .

4~unknown ob]ect be dzstznguzshed from: the ‘sample one on the basis of these
. spectral measurements’? Here is the multldlmensmnal” form of the algorrthm‘ ‘

fdescr1bedabove R e e S T G e STy

1 Slmllarly to Eq 7 deﬁne

: where (al, bl) denotes the spectral band of the l-th channel of the second
L’spectrometer, and cons1der the hnear transformatlon —

s o) i a lnear ‘mapping of R™ onto R™: RS R Km<n
:and rank(u) =m, Y wﬂl ha.ve multrvarlate normal dlstnbutron [6]
,w1th densrty E ; ,

T ) —‘((2«)'"det(2)>"/’e¥p (——(Y )’-’E-I(Y y)){

' N ote that the 11near transformatron (13) leaves unchanged the values
T of those of the Yk s for whlch the spectral band (ak, bk) is not altered

: ‘\'
.




2 The parameters of the d1str1but10n of Y, are now glven by =
, E"t i Ty = Z"' h":.m. e (;145)7-'5' '

L. ~7\_/

where y, and a,z stand for the sample mean value and dlSpel'SIOIl of ;‘,; e

j i}_jY., i=1,. ,n. (or for some other estlmate of the latter)

3. Both Y" and Y, , l = 1 ym w1ll now belong to. the characterlstlcl
- space R™ assoclated w1th the m-channel spectrometer, ‘and will have -
s ,mult1var1ate normal distribution.” The statistical criteria, for studymg )
" the hypothe31s that- the ‘random vectors Y and Y, , =15,

T exper1mental ‘data-are described in details, ‘among_ other, in [1, 5] and

o ';data~ [5, p. 89]

4 C oncludlng \remarks ‘

: The present work was based on two assumptlons that need to be d1scussed

'ﬁrlnmoredetalls T D R T » 1 .

, The requlrement that the sen31t1v1ty of the Sensors be constant w1th1n the

» spectral bands and 0 outside i is-of great importance for the: der1vat10n of the
interpolation- formula. of. Eq 3. We believe we shall. be able to der1ve in the : 'L

future s1nnlar formulae for other speclﬁc shapes of the sen31t1vrty too (e g

wzdth of the channels T;:,

The requlrement that the dlmenslon ‘of the characterlstlc space assoc1ated s
w1th the sample’ spectrometer, n, be greater or equal to the d1mens1on mof
the ‘space with the data about the: unknown object, n >m, is not such a

" severe restriction: you always can map R™ onto R and- compare the spectra S .
in R™ 1nstead The. symmetry between R"‘ and R*'is broken, because the

‘mapping R~ R™;n2>2m preserves the multlvarlate normal dlstrlbutlon S
- of the transformed va.nables Y,"', l = 1 e m, thus allowmg for standard"'

: Sm have " ":v
\,(or have. not) the same d1str1but10n ‘and’ therefore, the correspondlng RN
ob Jects may not (or may) be d1st1ngulshed on the ba81s of the available ..

‘will not be discussed: here Just note that the. general criteria can be ot i
i substant1ally optlrmzed when applled to spec1ﬁc classes of exper1mental & ,7 -

; ‘References LR

i [6] H G Tucker An Introductlon to Probab111ty and Mathemat1cal Statls- .:

T [ ] G Korn T Korn Mathematlcal Handbook McGraw Hlll 1961

methods for the comparxson of the spectra to be apphed whlle the 1nverse

mappmg R™Y l—b R" leads to lmea.rly dependent Y, k=1,..,n [7] "
- The work on the present paper has been partially supported by the Bul—f;
gar1an Natlonal Fund for Sclentlﬁc Research under contract F134 EE

e

[1] J A Rlchards Remote Sensmg D1g1tal Image Analys1s Sprmger Verlag,
1986

/...

[2] G A Avanesov et al Telev1s1on observatlon of Phobos Nature, v 341
i : p 585 - : . . : T

[3] D Mlshev et all New generatlon of spectrometers for measurement of -
/spectral reﬂect1ve characterlstlcs Acta Astronautlca, v.12,No'11; p 973 .

[4] S Kovachev, D Krezhova, D Petkov ngh resolut1on multlchannel spec- .

s . trometric system “Spectrum 256" for manned space ob_]ects Analytlcal‘-
Space Laboratory, v. 1 No 3, 1993 o S

[5] Gol’zman F)thsheskl_] eksperlment i stat1st1tshesk1e vyvody Lenmgrad
1982 (in russ1an) ‘ I , o .

t1cs Academlc Press NY 1962

e - ,j‘ff‘k»,ReccivedbyPublishingDeparlment I
el oot onApril 16,1993, .

it




