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Abstract — Pointwise geological initial datac;, are used for a)
creating hydrogeological models (HM). By processings;, by
interpolation methods, ¢ - maps are created on (x, y) — grids of
HM. The maps represent geometrical and physical feates of
geological layers. If solutions of boundary field pblems are
applied as interpolation results & - maps) thenco;, serve as the
boundary conditions of the first kind. They must bejoined to nodes
of the interpolation grid. In this paper, three methods are
compared that may be applied to perform this task wen the local
date search region is a square, a circle, an areandosed by
hyperbola arcs. Features of these methods are examad and
recommendations on their optimal use are given.
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l. INTRODUCTION

To simplify explanations, the normalized uniform ¥X - grid b)
is considered where the plane approximation stgpk,=1.0.
For the nodepy, the local normalized search area is the 2
square enclosed by the eight neighbouring nqdes,, ..., Ps
(see Fig. 1 a)). The nodw represents the origin of the local
X=X,—X, Y=Y,— Yy local coordinate system whexg, y, and
X, y are coordinates of the nogg and the datum poing;, ,
accordingly.

Three forms of the data search regions Ls are dere (see
Fig. 1 a), 1 b), 1c)): a square, a circle, an are@h perimeter is
formed by four arcs of hyperbola (the Lh form). Bging the
parameterc =1-|X|  or c=1-|y|  (1>c>0) the regions are
defined, as follows:

ma;

c)
X|<1-c, |y<i-c, 1)
VX2 +¥ <l-c, )
a-xha-fyp=zc, (3)

where the formulas (1), (2), (3) correspond to $heare, the
circle, the Lh form. The value 2(@-represents the maximal
ory dimension of Ls.

The data located within Ls are received by the rmdeThe
area of Ls represents thg-Region with respect to the nogg
However, the eight neighbouring nodes p, ... ps also have
their R-regions. Interference of these nine R-regionstesethe
data “give out” G-regionsiL(i=1, 2, 3, 4). The figuré shows
the number of nodes that receive data located mithilf Ls is
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the circle (Fig.1 b)), it contains 21 G-regionsetwe L3 regions, Fig. 1. Data search R-regions within theZrea with the data, “give out”
four L2 and L4 regions and one L1 region. Eachheit has a G-regions (L1, L2, L3, L4) included: a) the squdrkthe circle; c) the area

different pattern of their data spread out.
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Il. FEATURES OF THER AND G-REGIONS

It follows from the distributions of G-regions (Flg that
“productiveness” of their data (value i=1, 2, 3, éhanges
abruptly when the borderlines separating the regiame
crossed. The changeis minimal A=1.0) if the R-regions are
the circle and the Lh form. For these cas&s2 only in 12
points where the regions L1 and L3; L2 and L4 ar®uch.

For the square (Fig. 1 a}7=2 with respect to the L2 and L4
regions. In four pointsA=3 (L1 andL4 regions are in touch
there). Ifc=0 then only the L4 region is present, for the squa
and the Lh form and crossing of the22region borderline
results in unacceptable data jumps to the neiglihggearch
regions. For the circlec€0), such jumps may take place in four

circle sguare LH form points where circles touch thex2 region. To avoid this fault,
Fig. 2. Area of the R-regions versus the paranefer three data search the valuec>0 must be used for all three forms of Ls.
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Fig. 3. The R-region is the square. Distributiohthe G-regions within thexil ) . . N ) .
area if the parameterhas different values Fig.4. The R-region is the circle. Distributionsté G-regions within thexiL

. area if the parameterhas different values
For example, from the regions L4 (0, 1, 5, 2); L3(®); - .
L2(0,2): L1(0) data are given out to therodes 0, 1, 3, 2: 0, 1 In the sense of the minimal values, the circle and the Lh

] ) . o ; ' form are equal and better than the square form.
2; 0, 2; 0, correspondingly. Distributions and siaé the The area Ls and its perimeter Ps depend on the ealtihe

G-regi_ons depend on the met_hod used fqr creating tFbllowing formulas are used to compute these patarse
R-regions (the square form contains no L3 regions) @mthe Ls=40-c), Ps=81_c) 4
s=4(1-c)°, Ps=8(1-c),

value ofc. Objectives of our investigation are to pick obé t s
best method for joining data to the grid and talfthe optimal Ls=z(1-c)", Ps=2z(1-¢), ®)
Ls=4(1-c(-Inc)), Ps=8(1-0.8462/c-A), (6)

value of the parameter This investigation broadens the scope , )
of results reported in [1]. A=0.1666"(1-0.076&")

35



Scientific Journal of Riga Technical University
Computer Science. Boundary Field Problems and Cten@imulation

2010
Volume 45

where the formulas (4), (5), (6) are used for thease, the
circle and the Lh form accordingly. In Fig. 2, ghapof Ls

versusc are shown.
From the 22 area, the perimeter Ps cuts of the part 9 [\

Ls=4-Ls. Data located withirLs are not sent to the nogé.

With respect to the RO-region, the perimeter Re@shorder that

separates two different areas (data sent / noj.déms is the
circumference, it presents the shortest bordeftimehe given

Ls area.

The following criterions are used to estimate chess of the
form of any region to the circle:

g=4nLs/Ps*<10 or

c=0
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Fig.5. The R-region is the Lh form. Distributionfstioe G-regions within the

c=0.5

g=40<1.
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1x1 area if the parameterhas different values

The version ofﬁzﬁis used when some combinations of
various Ls must be estimated (see later). For tfdecand the
square g=1.0 and/4=0.785, accordingly. For the Lh form, the

(7)

value ofq changes if 2c>0. If c=0 and 1.0 theg=0.785;g= 1.0
if c=0.1716. Therefore, the Lh form should have sonagufes
that belong to the square and the circle both.
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_ a) square In Fig. 5, the Lh form case is considered. There t&vo
perimetre critical values ofc: 0.25; 0.5 when the L3, L4 and L2 areas
4'2 \ disappear, correspondingly. The LO area stas(f25.
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Il G-REGIONS WITHIN THE1x1 AREA Fig. 9. The criterion q versus the parametfar three data search methods

It is simpler to consider only thex1l area that is the It follows from the above graphical illustrationkat the
characteristic part of any R-region. Within thigar distributions of Li regions bear drasticall altévas when the
parameter ¢ changes (d0). By using formulas of Table 1,
4. areas Li of the G-regions were obtained if they ewvkrcated
ZL' =10, (8) within the X1 area. By accounting for the Li distributions of
- Fig.1, this area contains one L1 and LO region, b&2aregions
and four L3 regions (if they exist). This resultncalso be
obtained if the &1 area is projected on a toroidal surface
(opposite edges of thex1 square are connected).

In Fig. 6, graphs of Li versus (1.0>c>0) are presented for
the square, the circle and the Lh form. The refestiips LOE),
L1(c), L2(c) are rather similar for the all above cases. The
graphs L3€) behave quite differently: for the square L3 does
not exist; for the circle, L3(0)=0.5; L3(0.29290)=he graph
scales down between these values; for the Lh form,
L3(0)=L3(0.25)=0; the graph has a maximum locatetiveen

where the figure i=0 presents the area LO unredeHab data
searching.

In Fig. 3, the case of the square is presentdwiparameter ¢
has six different values 0.28>0. If c=0 then only the L4 area
exists. If ¢=0.5 (critical ¢ value) then only foud areas are
present. If 20.5 then the LO area appears.

In Fig. 4, the circle case is examined. There e dritical
values of c¢: 0.2929; 0.5 when the L3, L4 and L2aare
disappear, correspondingly. The LO area starts(f2929.
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these twac values. The L4 graph shows how large is the areghe areas L3 and L2 are divided by 4 and 2, coardingly.
which is the most productive data sender in the ftitections The perimeters Pi of Fig. 8 are also given for giegle
uniformly. The area is maximal ¢=0. The Lh form has rather G- regions.
large L4 (L4>0.4) if ¢ is small (&0.05). Provisory, the Lh form  In Fig. 9 for the Lh formg,~1.0 if c=0.043. It means that the
seems advantageous, if small ¢ values are uselde(rédrge L4 area is almost the circle when tlg graph reaches its
L4(c), L3(c) close to its maximum, L2 >0.3). maximal value. The other graphs of Fig. 9 providevaluable
information that can be used for practical purpo3d® value
¢=0.043 has been implemented in real interpolatigoridhms

[1].

TABLE 1
AREAS OF Li REGIONS

Parametec Areas of regions TABLE 2
square LENGTHS OF CHARACTERISTIC LINE SEGMENTS
2. .
0<c<0.5 L1=4c"L2 = 4¢(1- 20) ; Parametec Length of lines
L4=(1-2c)® square
- - 0.5c<1.0 [1=1-c; 10=c- 05; I13=c
circle Auxilary terms circle Auxilary terms
r=1-c;a=051-v2r®-1); r=1-c; a= 051-v2r2-1);
_Jar2 _ i . 0< ¢<0.2929 11+12+13=7r 14;
Pos = VA1 - 1+4_r arcsinQ.5/1); |[1=r(r/4—arcsinQ5/r);
0<¢c<0.2929 | L1=4(a-r*arcsin@/r); 12 =r(arcsinQ5/r) —arcsin@/r));
L2=4-2L1-Ay; I3=rarcsin@/r)
- _ ; 2 .
13=1_L1-L2-L4 [1=r(z/4—arcsing/4r“—-1/2r);
0.292%c<0.5 | L2=2ar? — A; L1=2ar? — 2L.2; |1=rarcsing/4r*-1/2r); 12=0; 10=11
2 0.5<¢c<1.0 [1=nr/4;12=05-r;12=13=0
Ll=7r"—-2L2, L3=0 Lh form Auxilary terms
0.52¢c<1.0 L1=7r?;L2=1L3=0;L0=1-L1; 1-a=05(1++1-4c) ; | o= 0.8462\5;
Lh form Aux;l)ar)i terrrs4 I, = O5(L— (L6c? /6)(1—
a=05(1-+1-4c) —0.0768<16¢7)):
0<c<0.25 L1=4(—a+ c(+2In((L/(1-a)); = 1-a)1- (U/6)(Ve /1~
L2=8In2-2L1; ~a))* (1- 0.0768~c /(1-a))*);
L3=1-(L1+L2+L4); |, =1-(c? /6)(1- 0.076&7)
L4=1-4c(1-In4c); . =c(2— (1/48c%)(1-
025 ¢<0.5 LO=1-4c(-In4c); 0<c<0.25 I1+12+13=1, =1 _; 13=1, -1, ;
[1=1-1L2-1L0; L3=0
0<c<0.5 1= 4(l—c(l—Inc); LO=1—L1 12=1, 5 = los;
11=1,— I%

To formulate well founded recommendations, theeddh g [ 925 c<0.5 11+13=1. -1 —-11=1. —1 -
should obtained, for the Li regions. To compute the T e 2 We»
perimeters Pi are needed. To obtain them, lengths |o 13=1,-1,: 12=0;10=11
characteristic line segments 11, 12, 13 must bevkmoTheir [-<05 I1=1.—1 - 10=c—05: 12=13=0
appearance is shown in Fig.7. To obtain the pegnie0 of LO, R GRS

an extra segment 10 is needed. In Table 2, formatasgiven
which are applied to create the graphs Pi of Fign8rable 3,

the perimeters Pi are given as various sums ofiteesegments ~ More complex criterion Q can be obtained if thregions L1,

0, 11, 12, 13. L3+L4, L4 are involved. They are enclosed by theémeters
In Fig.9, the graphs; versusc are given for the three search8I3. 812, 8l1, accordingly. If these perimetres ased as weight

methods. The formulas used for computing thgsare present Ccoefficients and the criteriorg is applied,Q is given the

in Table 4. The criteriom; have to be applied to the single Lifollowing formula €<0.25):

region. For this reason, in formulas (of Table tBg values of
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Q=(1g, +12q,, +13,) [(11+12+13) =
TABLE 4
B J;(v L1++vL3+L4++/L4 ) COMPARISON OF THE DATA SEARCH METHODS
4(|1+ 12+ |3) Parameter Square Circle Lh form
Smoothness of crude good good
L3=0, I11+12+13=1-c (for square) data search Ai =2 Ai =1 Ai =1
(Ai value)
. Relative size of L3=0 L3=0.5 L3=0.25
11+12+13=7(1-c)/4 (for circle) L3, L4 La=1 L4-03 L4=05
Form of L3, L4 no L3 L3 triangular L3 triangular
[1+12+13= |1 _ l( (for Lh form). regions L4 square L4 circular L4 circle
¢ Recommended ¢<0.01 c<0.01 c=0.043
value ofc
TABLE 3
EXPRESSIONS FOR OBTAINING THE CRITERIOY aQ
Parametec Perimertre Criteriong 1 ‘
square 0.9 ==
= 08 T
0<c<0.5 p1-83, g = ZLUIF; g, = ZL2/02+413)7; —~——
p2=4(12+13), 16 8 0.7 ~—_
P3=201+12), | o _ 7 3/01412)%; q, = Z LANL 0 —
p4=81 ° 4 T 05 =
0.5<c<1.0 pl=41, T T 2 04
p0= 8(1+10) qlfleLllll ; q°716 LO/(11+10) g,i
circle 0'1
0<¢<0.2929 pl=83, z 4 2 ) c
== 2 g, =—L2/(12+13)%;
p2= 412413, | *716-YI¥ G =gL2/i2+19) 0
3= 2(1+12) x . 0 0.05 0.1 0.15 0.2 0.25
po= v g, =2 L3I01+12)%; g, = = L4/ ,
p4: g1 4 16 == Lh form circle square
0.292%c<0.5 | pl=8(1+13), 7 . 7 ]
2= 43 % =16 L1/(1+13)%; g, =3 L2/%; Fig. 10. The criterio versus the parameteffor three data search methods
p0=8|1, q0:£L0/|12,
p3=p4=0 16

- V. CONCLUSIONS
0.5 ¢c<1.0 pl=81, q1=%u/|12; qozﬁm/(mm)?;

pO=8g(1+10) Thorough examination of main features of the thoeal data
'622;’25 a3 search methods (the square, the circle, the Lh)fdras been
<C=U. 22‘: 40'2“3) q1:%L1/I32;q2 :%L2/(|2+|3)2; carried out. Smoothness of data spread out, tieeo§ithe R and
_ ' G - regions, the form (criterion q) of G — regidmave been
p3=201+12), | (7| 3/01412)%; q, = ZLANT; ,
p4=81 574 BT ' considered. It was found out that the Lh form sHdm used,
025 ¢<0.5 pl=8(1+13), 119, = F L2 because it combines advantages that are possegdhd bases
p2=43, %16 1% =g ’ of the square and the circle methods.
poO=41, G = LO/T;
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Aivars Spalvin$, Inta Lace. MetoZu saldzinaSanageolgsisko datu piesaistei interpoicijas reZgiem

Punktveidageologiskos datussi, izmanto hidrgeolasisko modéu (HM) izveidoSanai. Apsidajot ai, ar interpoicijas metodm, iedist o—kartes (x,y) regim HM.

Sis kartes apraksigeolagisko shyu fizikalas ungeometriskis ipagbas. Ja k interpokicijas rezulitu (c—kartes) izmanto lauku teorijas robezpibl atrisirgjumu,
tad oi, tiek izmantoti |& pirma veida robeznoteikumi. Tos #giesaista interpatijas rega mezgliem.

Sap publikacija tiek saidzinatas tis metodes, kuras var izmantatuzdevuma veik3anai: ja lakais datu mekisanas apgabals ir kvats, aplis un apgabals, kuru
ierobezo hiperbolas loki. So metopagbas tiek ptitas un dotas rekomemtljas metoZu optilai izmanto$anai. Rakstoti datu izmanto3anas laukumu grafiskie
atteli rakstufigagm mekESanas parametra vértibam. Tabulu veid salartotas formulas, kuras lieto datu izmantoSanasueuk perimetru, plavas un formas
kriteriju aprekiniem. So apFkinu rezuliti doti grafiku veid. Konstagts, ka variantam, kardatu mekéSanas apgabalu ierobeZo hiperbolas loki ir prieiBes
attieaba pret apa un kvadita variantu. Vidm trim meto@m ir jaizmanto mazas meidanas parametra értibas (0.02c>0.01).

AiiBap CnanBunbui, Uura Jlane. CpaBHeHHe METOA0B NPUMEHSIEMBIX /LISl IPUBA3KU TOYEYHBIX IAHHBIX K HHTEPIOJISIHHOHHBIM CETKAM

ToueuHbIE Te0IOTHYECKUE NAHHBIE Gin IPUMEHSIOTCS I OCTPOEHHUs ruaporeonorndeckux mozesel (T'M). Iyrem 06paGOTKH HHTEPIONSAIMOHHBIME METONAMH,
NOJy4aoT G—KapThl st (X,Y) cerok M. DTH KapThl XapakTepusyloT (DM3MYECKHE M I€OMETPHYECKHE CBOWCTBA TEOJOMMYECKHX TOPU3OHTOB. Ecim pesymbrar
HUHTEPIIOIA NN (cerapTa) SABJIAETCS PEHICHUEM KpaeBoﬁ 3a/la4y TEOpUH IIOJIA, TOTJAAa MCIIOJB3YIOTCA B Ka4E€CTBE T'PAHUYHBIX yCJ'IOBI/Iﬁ TIEPBOTO poaa, KOTOPLIE
HEOOXOAMMO MPHBA3aTH Y3J1aM MHTEPTOJSLMOHHON CETKH. B 9TOii myGIHMKaluy NpeiaraeTcs CpaBHEHHE TPEX METO/I0B, KOTOPHIE MOXKHO TIPUMEHSATh ISl PELICHHUSI
9TOH 3a/1a4uH, €CIM JOKadbHas o0JIaCTh MOUCKa uMeeT (opMy KBajpaTa, OKPYKHOCTH UM OOJIACTH OTpaHHYEHHOU Ayramu rumepboisl. MccnenyioTes cBoiicTBa 3TUX
METOAO0B U JAKOTCA PEKOMEHJAUHU I10 UX OIITUMAJIBHOMY HUCIIOJIB30BaHUIO.

B crarbe mpuBesieHbl rpadguueckue o0pasbl 06JacTel WCIONb30BaHMS JIAHHBIX IS XapakTEpPHBIX 3HAUECHMH MapameTpa MoMcka c¢. B Buje TaGiuI NPUBEIEHbI
(hopMyIIBI, KOTOpPBIE UCTIONB3YIOTCS AT pacdeTa IepUMeTpa, IUIOMAaH H KpUTepHs KadecTBa (OpMBI 3TUX obnacTeil. Pe3ynpTaThl 9THX pacueToB 0OpMICHE B BUIC
l"pa(bI/IKOB. CHeHaHLI BBIBOIBI, YTO MCTON, KOTOpLIﬁ IPUMCHSCT 06J'IaCTI: IIOHUCKa Ol"paHI/I‘ICHHblf;I Ayramu mnep60m,1, HUMECT MPEUMYNIIECTBA IIEPEA METOAaMU C
npuMeHenreM obnactell ¢ (GopMoil Kpyra Wid KBaapara. BBIACHEHO, YTO il BCEX METOMOB PEKOMEHAYETCs NPMMEHEHHE MallblX 3HAYeHHH mapamerpa c
(0.04>c>0.01)
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