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Nowadays technologies of UAV-based Remote Sensing are used in different areas, such as: ecological monitoring, agriculture tasks,
exploring for minerals, oil and gas, forest monitoring and warfare. Drones provide information more rapidly than piloted aerial
vehicles and give images of a very high resolution, sufficiently low cost and high precision.

Let’s note, that processing of conflicting information is the most important task in remote sensing. Dempster’s rule of data
combination is widely used in solution of different remote sensing tasks, because it can processes incomplete and vague information.
However, Dempster’s rule has some disadvantage, it can not deal with highly conflicted data. This rule of data combination yields
wrong results, when bodies of evidence highly conflict with each other. That’s why it was proposed a data combination method in
UAV-based Remote Sensing. This method has several important advantages: simple calculation and high accuracy.

In this paper data combination method based on application of Jaccard coefficient and Dempster’s rule of combination is proposed.
The described method can deal with conflicting sources of information. This data combination method based on application of
evidence theory and Jaccard coefficient takes into consideration the associative relationship of the evidences and can efficiently
handle highly conflicting sources of data (spectral bands).

The frequency approach to determine basic probability assignment and formula to determine Jaccard coefficient are described in this
paper too. Jaccard coefficient is defined as the size of the intersection divided by the size of the union of the sample sets. Jaccard
coefficient measures similarity between finite sets. Some numerical examples of calculation of Jaccard coefficient and basic
probability assignments are considered in this work too.

This data combination method based on application of Jaccard coefficient and Dempster’s rule of combination can be applied in
exploring for minerals, different agricultural, practical and ecological tasks.
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1. Introduction

Nowadays UAV (unmanned aerial vehicles) give
new opportunites for conducting environmental
monitoring and solution different agricultural and
ecological problems. UAV give images with a very high
resolution and that’s why we can get a detail picture of
fields, forests, urban territories (McKnight, 2015; Alpert
etal.,, 2021).

Let’s note, that procedure of classification of digital
images obtained by unmanned aerial vehicles is one of
most important and difficult procedures in remote
sensing. The most accurate results are provided by
supervised classification methods. In this paper an
improved combination method in UAV-based Remote
Sensing is considered.

A lot of known classification methods use
information from different sources (spectral bands).
Information fusion is a one of most important procedures
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in land-cover classification. The main aim of aggregation
of data is to simplify information from different sources
(spectral bands).

Combination rules are the special types of
aggregation methods for data obtained from different
sources of information (spectral bands) that can provide
different assessments for the same hypotheses. Let’s note
that procedure of processing combining of conflicting
information is a very difficult problem in UAV-based
Remote Sensing tasks. A lot of known combination
methods vyield illogical results, when bodies of evidence
highly conflict with each other, because these methods
of combination can’t deal with significant conflict in the
data.

The object of this paper is description of data
combination method, when bodies of evidence highly
conflict with each other. This method is based on
application of Jaccard coefficient and Dempster’s rule of
combination. It is noted, that this method can deal with
conflicting sources of information (spectral bands). It is
also shown, that this combination method based on
application of Jaccard coefficient, shows the associative
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relationship of the evidences and can efficiently handle
highly conflicting evidences.

In this work Jaccard coefficient is also considered. It
is noted, that this coefficient is defined as the size of the
intersection divided by the size of the union of the
sample sets. Jaccard coefficient measures similarity
between finite sample sets.

The frequency approach to determine
probability assignment is also analyzed.

Some numerical examples of calculation of Jaccard
coefficient and basic probability assignments are
described in this paper.

basic

2. Jaccard coefficient

Jaccard similarity coefficient was introduced by
professor of botany and plant physiology Paul Jaccard in
1901. Jaccard coefficient is a coefficient used for
comparing the similarity of sample sets. It is used in

various sciences, such as: ecology, informatics,
geobotany, biology, remote sensing and others (Kosub,
2019).

Jaccard similarity coefficient between two sample
sets Ax and A, is defined as:

. ANA
sim (A, A) = A UA
where |A N A|—cardinality of
sample sets A and A; |A U A|- cardinality of the
union of sample sets A, and A.

Jaccard similarity coefficient is defined as the
cardinality of the intersection of sample sets divided by
the cardinality of the union of sample sets.

Suppose, set A, corresponds to the vector u and set
A corresponds to the vector v.

Then Jaccard coefficient can also be introduced as a
vector similarity function:
t
Zukvk
k=1

sim, (u,v) = - . - ,
Zuk +ka —Zukvk

k=1 k=1 k=1

where u = (Ug,...,Ur), v =(v,...,Vt) are vectors.

, @

the intersection of

2

Numerical examples of calculation of Jaccard
coefficient
1) Let’s consider a first example, where Jaccard

coefficient between two sample sets A and A, is defined:

A =1{3,54,9,1,7,2};

A =16,4,7,2,813}

The intersection between two sets A and A is
defined: Ak "AI={3,4,1,7}

The union of two sets A and A, is defined as:

AcUA={1,23456,7,8, 9}

Then we should calculate number of elements of the
intersection of two sample sets Ax and A, and number of
elements of the union of two sample sets A and A,
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Number of elements of the intersection of two
sample sets is “4”, number of elements of the union of
two sample sets is “9”.

Jaccard coefficient is defined as the number of
elements of the intersection of two sample sets divided
by the number of elements of the union of two sample
sets :

ALY
|Ak v A,| 9

2)  Let’s consider a second example.

We should define Jaccard measure for two vectors u
and v:

u=1{,1,2,3,01}

v =1{0,0,1,0,2,2}.

At the first step, we define the sum of all components
of two vectors u and v:

sim, (A, Ay) =

t
DU =1+1+2+3+0+1=8;
k=1

t
D Ve =0+40+1+0+2+2=5
k=1

At the second step, we should calculate scalar
product of vectors u and v:

th:Uka =[(2-0)+(@2-0)+(2-1)+(3-0)+(0-2)+(1-2)]= 4.

Then Jaccard coefficient is defined as:

t
Zukvk 4
sim, (u,v) = — k=L

t t =
Zuk + )V, —ZUka 8+5-4
@ a a

_4 0.444.
9

3. Main concepts of Dempster-Shafer evidence theory

In Dempster-Shafer theory, with every hypothesis A
(A < Q) there is associated basic probability assignment
m (A). The m (A) value represents the degree of belief
allocated to the hypothesis A (Lein, 2003; Mertikas et al.,
2001). Basic probability assignment belongs to the
interval [0, 1] and satisfies the next conditions:

D m(A)=1
AcQ
m () =0.

Let’s consider Dempster rule. Suppose one source
appointed to the hypothesis A a basic probability
assignment m; and the other source independently
appointed to the same hypothesis a basic probability
assignment my. The rule of Dempster allows combining
these basic probability assignments. Then we get such
result:

©)

DM (A )M, (Ay))
m(A,) = Punfei A ’ 4)
1-C
where
C= Zml(Ali)mZ(Azj)' 5)

A1NAy =2
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The C value is called the conflict coefficient and
shows the degree of conflict among the sources (spectral
bands). Let’s note, that C € [0, 1], where “0” indicates
the absence of contradictory assessments of the sources
of information. The more contradictions we have, the
closer is the C value to “1”.

4. Frequency approach to determine basic probability
assignment
It is known a lot of approaches to determine basic
probability assignments. Let’s consider a frequency
approach to determine basic probability assignments.
Suppose, the hyperspectral image consists of a set of
spectral images:

NK.
Sk = {nn’unk}n:ll k zl,, K,
where N. — total number of pixels, K — number of

spectral images; the full signal u, of the pixel m, is
considered as a vector with  components

Upg - Uy = {unk }Ilf:l'

Let’s the pixel m, displays an object of some class.
Each of the axes of this spectral space is divided into
intervals. Let’s note, that number of intervals is equal to
the number of classes. We can represent each class in the
spectral space by a set of intervals.

Then consider one interval of the one I class.
M; — total number of pixels, that belong to this interval.

Let’s denote, that M; — total number of pixels, that
belong to the class with the same name (liclass);
M, — total number of pixels that belong to the other
classes.

Then basic probability assignments are defined as
(Alpert et. al., 2020):

M
m, =22

M; M;

where m; — basic probability assignment, that classified
pixel belongs to the class with the same name (l; class);
my — basic probability assignment, that classified pixel
belongs to the other classes.

We conduct this procedure with other spectral axes
and conduct classification, using combination rules.

(6)

5. Combination method
information sources

in case of conflicting

Dempster’s rule of combination is the most popular
rule of combinations (Popov et al., 2015; Gong, 1996),
but this rule has some disadvantages. It can’t deal with
highly conflicted data sources (spectral bands). And
correlation among various evidences isn’t taken into
account by Dempster’s rule. That’s why we propose an
improved data combination method based on application
of Jaccard coefficient and basic concepts of Dempster-
Shafer evidence theory. This combination method can
efficiently handle highly conflicting evidences and show
the associative relationship of the evidences. This
method is summarized in next steps:

At first step, we define the Distance measure between
pairs of spectral bands (Jousselme et al., 2001). The
distance is defined between two bodies of evidence m;
and m; by the following formula:
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Qgea(M ;) = \/i("mi"u"mj"?_2<mi,m,~>), dgp €[01]. (7)

AR A A
<m|,mj>:ZZmI(Ak)m](A|)| i I|, k,l :1,...,2n; (8)
ENE] |A VA

At the second step, the Similarity measure between
two bodies of evidence m; and mj is defined as:
sim (m;, m) =1 —d (m;, m;). 9)
At the third step, we should build Measure Matrix.
Let’s note, that we suppose, that the number of bodies of
evidence is n.Then Similarity Measure Matrix is:

1 sy o8y,
SMM =| %2 1o sy ‘ (10)
Spt Snz e 1

At the fourth step, the Support degree of each piece
of evidence m; is defined as:

n
Sup(m;) = ZSU ,i=12,...,n.
j=1
At the fifth step the Credibility degree of each piece
of evidence m; is calculated as:

Crd(mi):w.

> sup(m;)
i=1

At the sixth step the weight average mass my of the
evidence for the hypothesis a is defined as:

my (a) = > Crd; (m;)xm; ().
i=1
Then we use Dempser’s rule to combine the
weighted average of the masses n — 1 times, if we have n
pieces of evidence (n spectral bands).

(11)

(12)

(13)

Pseudocode

n: total number of images S;
fori:=1ton
forj;=1ton

S is a vector of images S

begin

write ('Si =);

readln (Si);

write (' §j=");

readin (Sj);

writeln (“define the Distance measure between two
spectral bands S; and S;: dgpa (mMi, mj) »);

readIn dgpa (Mi, mj) ™);

end.

begin

writeln (“define the Similarity measure between two
spectral bands S; and S;: sim (m;, m))”);

readln (sim (m;, my));

end.

Program Matrix (“build the Similarity Measure Matrix”)
type Tindex =1,..., n

Vector = array [Tindex]of real;

Matrix = array[Tindex] of vector;

var sim: matrix;
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action: real;

n, m (n = m) tindex;

procedure Matrix Input S (var sim: Matrix);
var i, j: real;

begin

writeln (“Enter”, n x n, “elements”);

for i=1to n do

forj:=1tondo

begin

write (" sim [, j," ], '1=");

read sim [i, jJ;

end.

Fori:=1tondo

begin

S:=0

forj:=1tondo

s:=s+sim{i, j]

writeln (“calculate the sum of the elements of the matrix
row and get a Support degree of each piece of

evidence”);

end.

Fori:=1ton

S is a vector of images S
Sort s

begin

writeln (“calculate the Credibility degree of each piece
of evidence: Crg (mi)”);

readin (n);

writeln (“calculate the weight average mass of the
evidence for each hypothesis: my (A), mu(B),...
readin (mm (A), mm(B),...);

end.

Fori:=n-1do

begin

writeln (“combine weight average masses, applying
Dempster combination rule and get new basic
probability assignments™);

readIn (m* (A), m"(B),...)

Conclusions

UAV give new opportunites for solving different
remote sensing tasks, such as: plant health assessment,
analysis of natural disasters, surveying mines, mapping
deposit sites, solution different ecological problems.
Nowadays the classification of digital images obtained
by drones is one of most difficult tasks in remote
sensing. Let’s note, that data fusion is a one of most
important procedures in land-cover classification. Data
fusion can aggregate information from different sources.

Nowadays processing of conflicting data is a very
difficult problem in UAV-based Remote Sensing tasks,
because known methods of combination can’t deal with
significant conflict in the sources of information
(spectral bands) and yield wrong solutions of problems,
when bodies of evidence highly conflict with each other.

A data combination method based on application of
Jaccard coefficient and Dempster’s rule of combination
was considered in this work. It was shown, that this new
method can deal with conflicting sources of information
(spectral bands) (Popov et al., 2017; Alpert, 2020).
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The frequency approach to determine basic
probability assignment was described in this paper.
Formulas to determine basic probability assignment were
analyzed too.

It also was noted, that Jaccard coefficient measures
similarity between finite sample sets.

Several numerical examples of calculation of Jaccard
coefficient were analyzed in this work.

It is noted, that this described combination method
based on application of Jaccard coefficient and
Dempster’s rule of combination can be applied in
solution of different remote sensing tasks, such as:
forestry, plant health assessment, solution of different
agricultural problems, exploring for oil, gas and
minerals, practical and ecological tasks.
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METOJI KOMBIHYBAHHS [AHUX VY 3AJAYAX JIUCTAHLIMHOI'O 30HAYBAHHS 3EMIJII Y BHIIAIKY
CYIIEPEWJIMBUX XEPEJI IHOOPMAIIIT

C. L. Ansniept

YV “Hayxoeuii yenmp aepoxocmiynux 0ocaiodcens 3emni [I'H HAH Ykpainu”, éyn. Onecs 'onuapa, 55-b., Kuie 01054, Ykpaina

Ha cporomni Texnomorii qucraHmifHOro 30HAYBaHHS Ha OCHOBI BIJIA BHUKOPHCTOBYIOTHCS y Pi3HOMaHITHHX c(epax, TaKUX SK:
€KOJIOT1YHMI MOHITOPHHT, CiJIbCBKOTOCITONApPCHKI 3ajadi, MOIIYK KOPHCHHUX KONAJIMH, HadTH i ra3y, MOHITOPHHT JiCiB, BifiChKOBa
cnpaBa. [lpoHn HamaroTh iHGOPMAIIIO MBHUIIIC, HDK MUIOTOBAaHI JITAIBHI amapaTtd, 300paKCHHS JyXKE BHCOKOI PO3iIBHOI
3IIATHOCTI, JIOCUTHh HU3bKOi BApTOCTi i BHCOKOI TOYHOCTI.

3a3HaunMo, 10 00poOKa cynepew nBol iHGOpMalii € HaHOIIbII BaXXTMBUM 3aBJAHHAM Y JUCTaHIIHHOMY 30HayBaHHI. [IpaBmiio
KOMOIHYBaHHS JaHUX JleMIicTepa HIMPOKO BHUKOPUCTOBYETHCS IIPW BHpILIEHHI DI3HUX 3aBJaHb JUCTAHIIHHOIO 30HyBaHHS,
OCKIUJIbKM BOHO MOXKE 0OpOOJISTH HETIOBHY Ta HETOYHY iH(popMarito. Ane mpaBuiio Jemricrepa Mae IeBHUN HEOJTIK, BOHO HE MOXKE
TIPAIfOBaTH 3 JOCHThH CYNEPEewIMBHMH TaHWUMH. lle mpaBmiao koMOiHyBaHHS NaHMX HaJa€ HEBIpHI pe3yJbTaTH, SIKIIO YaCTUHU
CBITYEHHS € JOCHTH CYNEpEeWIMBHMH. TOMy 3aIlpONOHOBAHO MeETOJ KOMOIHYBAaHHS JaHWX 3 BUKOPHCTaHHSIM UCTAHIIHHOTO
30HIYyBaHHS Ha ocHOBI BriJTIA. Lleit MeToz Mae psijt BAXKIIMBUX IT€peBar: MpocTi po3paxyHKH Ta BHCOKA TOYHICTB.

VY cTarTi MpOINOHYEThCS METON KOMOiIHYBaHHS JaHUX Ha OCHOBI 3acTocyBaHHS KoedimieHra JKakkapa Ta mpaBmiia KOMOIHYBaHHS
Hemncrepa. OmmcaHuii MeTOJ MOXKE TpAIFOBaTH i3 CYNEpewWIMBHMH JDKepenamu iHopmamii. Merox koMmMOiHyBaHHS [aHUX,
3aCHOBaHMH Ha 3aCTOCYBaHHI Teopii cBimonTB i KoedimieHTa JKakkapa, BpaxoBye acomiaTHBHUH B3a€MO3B’SI30K Mi’K CBITUYEHHSIMH Ta
MOXe e()eKTHBHO 00pOOIISITH TOCHTH CYNEPEwWIHBI JHKepera JaHuX (CHeKTpaibHi KaHan).

VY crarTi TaKOXX ONMMCAHO YAaCTOTHHH MIAXiJ JUIsl BM3HAUSHHS 0a30BHMX Mac Ta HaBeAEHO (OpMYIy JUlsl BH3HAYSHHS KoedilieHTa
XKaxxkapa. Koedimient Xakkapa o0unciIroeTsest K Mipa IepeTHHy, TojijIieHa Ha Mipy 00’ eqHaHHs MHOXHH. Koedimient XKaxkapa
BUMIPIOE MTOI0HICTh MK CKIHUEHHUMH MHOXKHHAMH. Y pOOOTI TaKOXK PO3TILSIHYTI JIesIKi YHCIIOBI MPUKIIAJN PO3paxyHKy KoedilieHTa
Jaxxkapa Ta 6a30BHX Mac.

Merton KoMOiHYBaHHS JaHMX, 3aCHOBaHMH Ha 3acTocyBaHHI koediuienta JXKakkapa i mpaBmiii koMOiHyBaHHsS Jlemrcrepa Moxe
3aCTOCOBYBaTHCSl TP IOMIYKY KOPHUCHUX KONAIWH, B PI3HOMAHITHHX CIJIbCBKOTOCIIONAPCHKUX, NPAaKTHYHUX Ta EKOJOTTYHHX
3aBJaHHSIX.

KurouoBi ciioBa: Teopist cinuens, koedimient XKakkapa, 6a30Bi Macu, IpaBuiIa KOMOIHYBaHHsI, CyHepEuINBI CBiUECHHS.

METOJA KOMBUMHUWPOBAHUS JAHHBIX B 3AJAYAX JUCTAHIHMOHHOI'O 30HAMPOBAHISA 3EMJIM B CIIYUAE
MMPOTUBOPEUNMBBIX NCTOYHNKOB NTHO®OPMAIINU
C. U. Anpnept
I'Y «Hayunvui yenmp aspoxocmuueckux uccredosanuii 3emnu UTH HAH Yxpaunvwy, yn. Onecs onuapa, 55- b, Kues 01054,
Ykpauna
B Hacrosiee BpeMsi TEXHOJIOTMH AUCTAHIIMOHHOI'O 30HAMPOBaHMs HA ocHOBe BIJIA mcnonb3yroTest B pasHbIX cepax, TAKUX Kak:
9KOJIOTMYECKUI MOHUTOPHHT, CEIIbCKOXO35HCTBEHHbIE 3a/1a4H, IOUCK MOJIE3HBIX UCKOMAeMBbIX, HETH U ra3a, MOHUTOPHHT JIECOB U B
BOCHHOM Jeiie. JIpoHbI NpeocTaBisfioT HHGOPMALMIO ObICTpee, YeM IWIOTHPYEMbIE JeTaTeNlbHbIC alapaTbl M MPEeJOCTABISAIOT
N300paKeHHs C OUEHb BBICOKUM Pa3peLIeHUEM, 10CTATOYHO HU3KOH CTOMMOCTBIO U BBICOKOH TOYHOCTBIO.
OtmerumM, 4To 00paboTKa MPOTHBOPEUNBOI MHGOPMAIMK SIBISETCS HanOoliee BAXKHOM 3a/1auell B TUCTAHIIMOHHOM 30HIHPOBAHUH.
ITpaBmiio KOMOMHMpPOBaHUWSA HAHHBIX JleMIcTepa WIMPOKO WCIOJb3YeTCS INPH PELICHHH Pa3IMYHBIX 33/a4 JUCTAHLMOHHOTO
30HIMPOBaHUSA, TAaK KaK OHO MOXKET 00padaThiBaTh HEIOJHYH M HeTouHyto HMH(popmanmioo. Ho mpaBuno [lemmncrepa umeer
HEKOTOPBII HEJJOCTATOK, OHO HE MOXKET paboTaTh C JOCTATOYHO MPOTHBOPEYMBBIMH JAHHBIMH. DTO NPAaBUIO KOMOWHHPOBAHUS
JaHHBIX BBIJAET HEBEPHbIE PE3yJbTaThl, KOTAA 4YacTH CBUJCTEIBbCTBA CHIIBHO NPOTHBOpEYAT APYr Apyry. Bor mnouemy Obu1
MPEAJIOKeH METOl KOMOMHHPOBaHMsS JAaHHBIX C HCIIOJIb30BAHHEM HCTAHIMOHHOIO 30HIMpoBaHus Ha ocHoBe BnJIA. ¥V wmerona
HECKOJIbKO Ba)KHBIX IIPEUMYIIECTB: IIPOCThIE PACYEThI U BHICOKAsI TOYHOCTb.
B craree npemaraercs MeTon Uil KOMOMHMPOBaHMS JaHHBIX HAa OCHOBE IpHMeHeHus koddduimenta JKakkapa M mpasuia
komOuHupoBanus Jlemrcrepa. OnuCaHHBI METOA KOMOWHHMPOBAHMS JAHHBIX MOXKET HMETh JeJI0 C MPOTHBOPSYMBBIMU
UCTOYHUKaMH HMHQpOpMaiuu. MeTox KOMOWHMPOBAHHS, OCHOBAHHbBIH Ha NPUMEHEHHH TEOPMU CBHUAETENILCTB M KOG (HIMEHTa
XKakkapa, yduThIBaeT acCOLMATHBHYIO B3aMMOCBSI3b MEXIY CBHUACTENBCTBAMU U MOXKET 3(P(EeKTHBHO 00pabaThiBaTh JAOCTATOYHO
[POTHBOPEYMBBIE UCTOYHUKHU JIAHHBIX (CIIEKTPAJIbHBIE KaHAIbI).
B crarbe Tarke ONMMCAH YACTOTHBIM IOAXOJ IUIs OlIpeleneHus 0a30BbIX Macc W INpuBeleHa QopMyla Uisi ONpeleseHH s
kodpdummenta Kakkapa. Koadduumenr XKakkapa Bblumclisiercss Kak Mepa I[epecedeHHs, IejeHHas Ha Mepy OObeAuHEHHs
mHO)kecTB. Koaddummenr XKakkapa usmepser momoOue Mexay KOHEYHBIMH MHOXECTBaMHU. B pabore Tarke paccMOTpPEHBI
HEKOTOpBIE YHUCIIOBBIE IPUMEPHI pacuera kodddunmenra XKakkapa n 6a30BbIX Macc.
MeTo1 KOMOMHUPOBAHHMS TaHHBIX, OCHOBaHHBIH Ha MpUMeHeHHH koddduumenrta YKakkapa u npasuie kKoMOuHupoBanus Jlemmncrepa
MOXXET NMPUMEHSATHCS MPU MOUCKE IMOJIE3HBIX HCKOMAeMbIX, B PA3JIMYHBIX CEIbCKOXO35HCTBEHHBIX, MPAKTHYECKUX M SKOJIOTHUECKHX
3a/1aHUSIX.
KiroueBble ciioBa: Teopus cBuaeTenbeTB, koadduuuent XKakkapa, 6a30Bble Macchl, MpaBUiia KOMOMHUPOBAHHUS, IPOTHBOPEYMBBIC
CBH/ICTENIBCTBA.
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