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ABSTRACT

A new mathematical model is briefly described, and a new positioning algorithm is announced.
Obtaining the solution from the non-linear system of equations is not trivial as presented by
numerous publications. One of the most important problems still to be solved in the 21st century
is the problem of non-linearity of equations. Observations are linearized to solve the problem
of positioning — such as the distances or the pseudoranges. Moreover, most positioning
solutions are based on numerical computations. In this article the basic principles of the
methods for solving the positioning problem are presented, and the formulas and their
derivation are given. The numerical example with simulated data and proof confirm the correct
performance of the proposed algorithm. A new algorithm for determining of the point
coordinates and a systematic error in two-dimensional space in geodetic network solution is
presented. In the proposed solution there is no need to know the initial approximate location of
the determined point, nor the coordinates of the transition points.

1. INTRODUCTION

Generally, most of the observed phenomena in technical sciences such as geodesy, and
navigation, and positioning are described by non-linear equations. Surveying, navigation and
positioning seems to be nothing extraordinary but a very or even the most important part of the
mathematical model. Obtaining the solution from the non-linear system of equations is not
trivial as presented by numerous publications. In Leva [1] solution there is a system of two
linear equations combined together with a range difference and equations equivalent to the
system of pseudorange equations. This formulation represents the user's position as the
intersection of two planes and a hyperbola branch of revolution. Krause [2] introduced a two
step algorithm for the direct positioning solution. In the first step the receiver clock offset ¢ dt
is determined involving the inversion of (2x2) matrix. In the second step, vectors from the
satellites to the receiver can be evaluated and through these vectors addition, the receiver
position is computed. The vectorial approach is also evidenced in the works of Abel and Chafee
[3,4], Hofmann-Wellenhof et al. [5]. Subsequent options for determining a unique solution
among many others was discussed by Kleusberg [6] and Caravantes et al. [7]. Many authors
analysed the pseudoranging four point problem (known as "pseudo 4P" problem). In the
abovementioned algorithm four pseudorange equations and geometrical conditions of various
cases were analysed. Solution given by Grafarend and Chan [8] is based on the quadratic form
of four pseudorange system of equations for three stage algebraic reduction of numbers of
observation equations. In their solution, at the end of the third computation stage, there is
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a quadratic equation and there is a problem to identify the point where the solution of the
quadratic equation bifurcates (this problem is known as the bifurcation problem). Positioning
algorithms mostly produces two distinct solutions, in which case additional constrains are used
to determine the correct solution. However, some elegant algebraic manipulation was published
by Bancroft [9] to reduce the equations to avoid a least-squares method for four observed
pseudoranges. Thus for 4 observed satellites there is a direct solution for a position calculation.
Bancroft's algorithms involves the inversion of a (4x4) matrix and the solution of a scalar
equation of second order. In fact, for more than 4 satellites the least-squares solution solves the
normal equation. Normal equations are often used in surveying and navigation for non-square
matrices to solve an inverse matrix. Awange and Grafarend [10] presented an algebraic solution
using multipolynomial resultant and Groebner basis. Its direct application is the elimination of
variables in nonlinear systems of equations.

The author has provided another new algorithm for the determination of the coordinates and a
systematic error without the need of the linearization technique and least squares method. The
least squares method can be used but it is not mandatory to solve a positioning problem.

2. MATHEMATICAL MODEL AND NUMERICAL EXAMPLE OF A NEW
POSITIONING ALGORITHM.

2.1 DETERMINATION OF THE COORDINATES OF A POINT Q(xq,yQ)
AND A SYSTEMATIC ERROR &, IN 2D ON THE BASIS OF REFERENCE
AND TRANSITION POINTS

The example of determination of the coordinates (Fig. 1) of a point Q(x¢, y,) and
a systematic error o, on the basis of known network coordinates of four reference points

101, y1), 2(x2,¥2), 3(x3,¥3), 4(x4, ¥a) Is given.

There are known four distances d g, dpg, dcq, daq from the unknown transition points
a(xa' ya)' b(xb' yb)r C(xc' yc)' d(xd' yd) to pOint Q(xQ' yQ)

There are also known distances:

dlar dlb: dlcr dldp d2a’ d2b, dZC' dZdl d3a, d3b, d3C! d3d, d4a, d4b, d4c, d4d between fOUf
reference points 1(xy, y,), 2(x5, y2), 3(x3,y3),4(x4, v,) and the transition points
a(xa' ya)' b(xb' yb)r C(xc' yc)' d(xd' yd)
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Q(xq,yq,delta q)

Fig.1. The network of the reference and transition points

The coordinates of point Q(x,, v, ) and a systematic error &, can be computed from the
following author’s formula [13]:
AXgp AYap dag —dno] ™
[xQ Yo 5Q] = %[Tab Tac  Taal AXqe AYge daQ - ch (1)
AXga AYgy dag —dgg

T,p — difference of two transition point indicators t,, and ¢, in regard to point Q(xQ,yQ),
T, — difference of two transition point indicators t., and t,, in regard to point Q(xQ,yQ),
T4q — difference of two transition point indicators ¢4, and t, in regard to point Q(xQ, yQ),

The simulated input data of the numerical example are as follows:
x1 =700m;y; =800 m;x, = 300m;y, = 600m;
x3 = 800m; y; = 250 m; x, = 900 m; y, = 300 m;
d;, = 640,3124 m; dy), = 254,2833 m; d,. = 901,2547 m; d,4 = 257,4102 m;

d,, = 700,0000 m; dyp, = 597,2102 m; d,. = 1258,7000 m; d,4; = 195,6016 m;
ds, = 1163,0000 m; dsp, = 811,7635 m; ds. = 1416,5000 m; dsy = 510,4508 m;
dyq = 1166,2000 m; dyy, = 783,2369 m; d,. = 1356,9000 m; d,y = 543,1943 m;
dgg = 1216,6000 m,d,q = 926,4232 m,d.y = 534,6588 m; d ;o = 1319,0000 m;

Values of the indicators t,, ; t,, ; t3, can be found on the basis of a fixed point indicator
definition given by S. Hausbrandt [11], this was also published in cracovian form invented by
Banachiewicz [12], and they are computed to the transition points

a(xal ya): b(xbl yb)r C(xc' yc)’ d(xd' yd):

t1q = 720000; t,, = —40000; t5, = —650069; t,, = 460002;
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The differences between reference point indicators [13]
Atqy,, Atys,, Dtys,, Atyp,, Atyz,, Atqy,, Atyy , Atys,, Aty , Aty ,, Aty s, Aty are computed in
regard to the transition points a(x,, y,), b(xp, ¥p), c(xc, ye), d(xgq, ¥4):

Aty,, = —760000;,At 5, = —1370000; , At,,, = —1180000;
Aty,, = —972000; ,Aty3, = —1021800; At14, = —778800;
Aty,, = —1452000;, Aty3, = —1621800; , Aty,, = —1258800;
Aty,, = —652000; ,Aty3, = —621800; Aty,, = —458800;

Values of matrices: K_*,K;* K*, K *can be computed:

Axi; Ayi; Adgy ! Kain Koz Kais
Kq = [Axy3 Ayiz Adgs = Kaz1 Kazz Kaz3|=
Ax1s Ayi;s Adgsy Kazn Kazz Kazs
-0,0019 -0,0005 0,0003
= [—0,0007 —0,0013 —0,0014{;
0,0015 -0,0004 0,0014
Axi;  Ayip Adpai] Kpi1 Kpiz Kpis
K™'p = |Ax13  Aygs Adb31] = |Kp21 Kpz2 Kpoz|=
Axis Ayis Adpgy Kp31 Kpzo Kpzs
—0,0009 0,0043 —0,0044
= [—0,0048 -0,0204 0,0175 ];
0,0056 0,0187 —-0,0175
Axi; Ay, Adepq ! Kein Koz Keas
K™, =|[Ax;3 Ayiz Adeq| =|Kezn Kezp Kezs| =
Axis Ayis Adesq Keizn Kezz Kezs
0,0010 0,0081 —0,0084
= [—0,0123 —-0,0356 0,0337 ];
0,0131 0,0340 —0,0337
Axi; Ay, Adgzi] Kain Kaiz Kais
K ' =|Axy3 Ay;3 Adgsi| =|Kaz1 Kazz Kazs|=
Axys  Ayis Adgsq Kizn Kazp Kazs

0,0212 -0,0246 0,0578
-0,0204 0,0229 -0,0578

)

[—0,0074 0,0053 —0,0145

Values of the transition point indicators t,q, tpo, tcq, tag €an be computed [13]:
1 1 1 2 1 1
tag = (EAtua * Kqi1 + EAt13a * Kgpq1 + EAtM»a * Ka3,1) + (5 Atyy, * Kgy 2 + EAt13a *

2
* Kaop + %Atma * Ka3,z) — d3q = 300000;
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tpg = GAtnb * Kpy1 + %Atmb * Kpp1 + %Atmb * Kb3,1)2 + (%AtlZD * Kp1 o + %Atmb *
* Kpp o + %Atub * Kb3,2)2 - dtz,Q = 726000;

teg = GAQZC *Kep1 + %At13c *Kep1 + %Atuc * Kesq )2 + G Aty *Keqp + %Atmc *
# Kegp + 5 Aty * Kc3,2)2 — 2y = 3426000;

tag = G Atiz, * Kagq + %Atmd * Kaza + %Atl“d * Kaza )2 + (%Atlzd * Kay2 + %Atl?)d *
* Kapo + %Atmd * Kd3,2)2 - déQ = —1074000;

The differences of transition point indicators T, Ty, Toq Can be computed in regard to
point Q(xq, ¥ ):

1 1 1 z
Tap = tpg —tag = (EAtub * Kpy1 + EAt13b * Kpa1 + EAtmb * Kb3,1> +

1 1 1 2 1 1
+ (5 Atyp, * Kp12 + 5883, * Kppp + 5 Alyy, * Kb3,2) - (5 Atyp, * Ka12 + 5 A3, *
2
+ Kagg + 3Bty * Kasz) + d2q — diq = 426000;
1 1 1 2 1
Toe =teg —tag = (E Atyp, * Kepq + EAt13C *Kepq + EAt14C * Kezq ) + (EAtlzc * Keip +
1 1 2 1 1 1 2
+5At136 *Kepo + EAt14C * Kc3,2) - (EAtua * Kg11 + EAt13a * Kapq + EAtMa * Ka3,1) +
2
1 1 1
- (E Atz * Ka12 + 5 Atz * Kapp + 5 Aty * Ka3,2) + de - de =
= 3126000

Toqa = tag —tag =

1 1 1 ’
= (E Atiz, * Kg1q + EAth * Kaz1 + EAtmd * Kaz 1 +>
1 1 1 ’
+ (E Atip, * Kgq,2 + EAtle * Kaop + +§At14d * Kaz 2 +>
1 1 1 ’
- (E Atiz, * Kq11 + EAt13a *Kazq + +§At14a * Kazn +>
1 1 1 ’ 2 2
- (E Atyz, * Ka12 + EAt13a ** Koo + EAtMa * Ka3,2> +d3q —diq =
= —1374000

Partial coordinate differences X,p, Yap, Xac» Yacr Xaa» Yaa OF the unknown transition points
a(xg, Ya), b(xp, Vp), c(xc, Vo), d(x4, y4) Can be defined as:
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Xap = Xp — Xgq = (%Atnb * Kp11 + %Atmb * Kpoq + %Atmb * Kb3,1) - G Ati, * Kg11 +
+3 Aty * Kagy + 3 Aty * Ko, ) = 388;
Yob =Yp = Ya = (%Atnb * Kpy2 + %Atmb * Kpp 2 + %Atmb * Kb3,2) - GAtlza * Kq10 +
+2 A3, * Kz + 5 Ay, * Koz ) = —246;
Xac =Xc — Xg = GAHZC *Keiq + %At13c *Kepq + %Atmc * Kcs,l) - (%Atua *Kq11 +
+3 Ay, * Kagy + +5 Aty * Koz ) = 688;
Yoe =Ye—Ya = (%Atnc *Keip + %Atmc * Kep 2 + %Atmc * Kc3,2) - G Aty,, * Kgy 2 +
+3 A, * Kagp + +5 Aty * Koz ) = 354;
Xaag = Xq — Xq = (%Atnd * Kgq,1 + %Atmd * Kgpq + %Atmd * Kd3,1) - (%Atlza *Kg11 T
+2Atys, * Kagy + + 5 Aty * Koz ) = 188;
Yoa =YVa—Ya = G Aty * Kgi2 + %Atmd * Kaz o + %Atmd * Kd3,2) - (%Atua *Kgq2 +
+3 Ay, * Kagy + 5 Ay, * Koz ) = —646;

According to the formula (1) the coordinates of point Q(xQ, yQ) and a systematic error §, can
be computed:

AXgp AYy, Adip]™!
[Tab Tac Tad] AXac AYac AdZQ

AXgq AYaq Adsg
xo = 1500 m; y, = 1500 m; §, = 3,8199 * 10~ m;

[xq Yo Jol=

N =

For the result confirmation, the geometric distances from Q(x,, y,) to the transition points can
be computed.

2.2 PROOF

The coordinate equations for the transition points a(x,, y,), b(xy, V), c(x¢s V), d(xg, Va)
and unknown systematic errors &,, 5, 6., 4 in observations:

dla! dle dlcr dldr dZar de' ch' dZd' d3a' d3b' dSC' d3d' d4—a' d4—b' d4—C' d4-dv reSpeCtiver, can be
expressed as follows:

[Xa Yo Oal=5[Mtiz, Atiz, Atia,]xK7'; )
[xp, ¥ Op]= %[Atlzb Atyz, Atyg] «Kp*t;
[xc Yo 8= %[Atlzc Atyz, Atia ]+ KZY
[Xa Ya b4l = %[Atlzd Atyz, Atia,] Kzt
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where:
Matrices K; 1, K, 1, K1, K can be defined by using the partial coordinates to the reference
point coordinates 1(xy, y1), 2(x5,y2), 3(x3,¥3), 4(x4, y4) and distance differences from the
reference points do the transition points a(x,, y,), b(xp, y), c(xc, y:), d(x4, ¥4). Thus
abovementioned matrices can be expressed as follows:
Ax1;  Ayyz  Adgyy -

Kzt = [Ax13 Ayis Ada31] ;

Ax14 Ayys Adgsy

Ax,, - the partial coordinates x; and x, of the reference points 1(x;,y;), 2(x5, ¥2)
Ax, 5 — the partial coordinates x; and x5 of the reference points 1(x4, y1), 3(x3,v3)
Ax,, — the partial coordinates x; and x, of the reference points 1(xy,y1),4(x4, V4)
Ay;, — the partial coordinates y, and y, of the reference points 1(x,, y;), 2(x5, )
Ay, 5 — the partial coordinates y; and y5 of the reference points 1(x;, y1), 3(x3,¥3)
Ay, , — the partial coordinates y; and y, of the reference points 1(xy, y1), 4(x4, Y4)

Ad,,, - distance difference from the reference points 1(x;, y,), 2(x,, y,) to transition point

a(Xq Ya)
Ad 5, - distance difference from the reference points 3(xs, y3),1(x;, y;) to transition point

a(xq, Ya)
Ad 44, - distance difference from the reference points 4(x,, ), 1(x4, y1) to transition point

a(xg, Ya)

Values of matrix K; 1 are as follows:

K _ Axgp _ Axy3 _ Axqg
all ™ get(ky)' 21 T det(ky)’ 31 T det(kg)'

K — M | — s . — My
al2 ™ get(Kg)' %2 T det(Ky)' @32 T det(Kg)'

K _ Adaay | _ Adgsi | _ Adgar |
al,3

det(Kg)' 323 7 det(ky)’ %33 T det(ky)’

Matrix K, *:
Axi;  Ayip;  Adpyg -
Kyt = (Axy3 Ay;z Adpsa|
Ax1q Ayis Adpyy

Ad,,, - distance difference from the reference points 1(x,, y;), 2(x5, y,) to transition point

b(xb' yb)
Ad, 3, - distance difference from the reference points 3(x3, y3),1(x, y;) to transition point

b(xp, yp)
Ad,,, - distance difference from the reference points 4(x,, y4),1(x;, y;) to transition point

b(xp,yp)
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Values of matrix K, * are as follows:

K _ Axgp _ Axy3 _ Axg,
b1l ™ Get(ky)’ P21 T det(ky)’ P31 T det(ky)’
K — Mz, — Bz . — _Myia
bL2 ™ get(ky)’ TP22 T det(kp)’ T P32 T det(Kp)’
_ _Adp2y _ _Adp31 _ _Adpss
b13 ™ Get(ky)’ P23 T get(ky)’ P33 T det(ky)’
Macierz K;1:

Axi; Ay Adey -

Kt = [Ax13 Ayiz  Adcsq
Ax1y Ayis Adeyy
Ad.,, - distance difference from the reference points 1(x;, y;), 2(x,, y,) to transition point

)

c(Xe, Ye)

Ad 3, - distance difference from the reference points 3 (x5, y3),1(x;, y;) to transition point
c(xc, ye)

Ad.,, - distance difference from the reference points 4(x,, y,),1(x;, y;) to transition point
c(xc, ye)

Values of matrix K; ! are as follows:

K _ Axlz . _ Ax13 . _ AX14
L1 ™ ger(ky)’ %1 T der(ky)’ T3 T det(ke)

K — Ayiz | — Ayiz — Ayiq
€12 ™ Get(ky)’ %2 T det(Ky)' €32 T det(k.)’
Adcpy | _ Adcsp _ Adcar

K., =%t = =
€13 7 get(ke)’ €23 T det(ky)’ €33 T det(k.)’

Matrix K;*:
Axi;  Ayiz Adgy -
Kd_l = |Axy3 Ayis Adgzq|
Ax1s Ayis Adgay

Ad 4, - distance difference from the reference points 1(x4, y;1), 2(x5, y,) to transition point

d(xq,yq)

Ad 43, - distance difference from the reference points 3(x3, y3),1(x4, y,) to transition point
d(xdl yd)

Ad 44, - distance difference from the reference points 4(x,, y,),1(x, y,) to transition point
d(xd' yd)

Values of matrix K;* are as follows:

K _  DAxqp _ Axyz _ DAxig
ALl ™ gerkg)’ 921 T get(ky)’ T3 T det(ky)’

d d d

Ayiz | Ayiz . Ayq4

K = = — =
A2 ™ get(ky)’ 922 T det(ky)' 432 T det(ky)’
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Adgay — Adasi | = Addar ,
det(Kg)' 923 T det(Kq)’ T3 T det(Ky)’

Kd1,3 =

The coordinates of the transition points a(x,, v,),b(xp, ¥5).¢(xc, ye), d(x4, y4) and unknown
systematic errors &,, 65, 6., 64 respectively, can be expressed as follows:
1 1 1
Xq = EAtlza * Kq11 + EAt13a * Kapq + EAt14a * Kas1 (3)

1 1 L
Ya = 5Atiz, * Ka1p + 5883, * Kapp + 5 Ay, * Koz o5

i 1 1
6{1 — EAtlza * ai,3 + EAt13a * Ka2’3 + EAtlél-a * Ka3,3;

1 1 L
Xp = EAt12b * Kpyq + EAtBb * Kpp1 + EAtl‘lb * Kps,1

1 1 1
yb = —Atlzb * Kbl‘z + _At13b * sz,z + _At14'b * Kb3’2;

2 2 2
1 1 1

5, = EAtlzb * Kp1,3 + EAt13b * Kpo3 + 5At14b * Kp3 3;
1 1 L

Xe = EAtlzc *Keiq + EAt13c *Kezn + EAtMC * ez
1 1 1

Ye = EAHZC *Keip + EAt13c *Kepp + EAtHc * Kea2;
1 1 1

Oc =5 Aty * Koy + 5 Atz * Keps + 5 Aty * Kea s

2 2 2
1

1 1
Xg =5 Ala, * Karg + 583, * Kaga + 5 A, * Kazy
1 1 1
Ya = EAt12d * Kgy2 + EAt13d * Kgp o + EAt:M'd * Kas,2;
1 1 1
8a = EAt12d * Kgq3 + EAt13d * Kgp 3 + EAtl‘l'd * Kas,s;
The transition point indicators a(x,, ¥a), b(xp, ¥).¢ (e, ), d (x4, ¥4) 1o point Q(xg, ¥,) can
be expressed as follows:
4)
1 1 1 e -
tag = (EAtlza x Kop 1 + EAt13a * Kooy + EAL“H,‘1 * Ka3,1) + (5 Aty,, % Kg10 + 5At13a s
2
1
*Kopo + EAtl‘}a * Ka3,2) - dele;
1 1 ! e -
tho = (5At12b x Kppq + EAt13b * Kpp 1 + EAtl‘l'b * Kb3’1) + (EAtlzb * Ky, + EAt13b *
2
1
* Kppp + 508, * Kb3,2) —dpq;
1 1 ! e -
tCQ = (EAtlzc * KCl,l + EAtlgc * KCZ,l + EAt]A’C * KC3,1 ) + (E AtlZC * KCl,Z + EAt13c *
2
1
* Kepp + EAt14C * c3,2) - de;
1 1 1 e -
tdQ = (E Atlzd * Kdl,l + EAt13d * KdZ,l + EAtl‘l'd * Kd3,1 ) + (EAtud * Kdl,Z + EAtl?)d *

2
1
Kazz + 50ty * de,z) - dcle;
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First equation (t,,) was subtracted from the second equation (t,,) and t,, was subtracted
from the third equation (t.,). Thus the differences of the transition point indicators

Tubs Tacr Taa 0 point Q(xq, yo) can be calculated as follows:

()

1 1 1 2 1
Tap = tpg — tag = (EAtub * Kp11 + EAt13b * Kpoq + EAtmb * Kb3,1) + (5 Aty * Kpy 2 +
1 1 2 1 1
+5At13b * Kpop + +5At14b * Kb3,2) - (;Atlza * Kq10 + ;At13a * Kapp +
2
1
+- Aty * Ka3,2) +d3q — dig;
1 1 1 2 1
Toc =teg —tag = (E Atyp, * Kepq + EAt13C * Kep1 + EAt14C * K31 ) + (EAtlzc * Ke12 +
1 1 2 1 1 1
+5At13c *Kepo + +§At14c * Kcs,z) - (EAtlza * Kg1q + EAt13a * Kgpq + EAt14a *
2 1 1 1 2
* a3,1) - (EAtma * Karp + 50813, #* Kapp + 50ty * Ka3,2) + dele - de;
2
1 1 1
Toa = tag —tag = (E Atiy, * Kg1,1 + EAt13d * Kgp1 + EAt14d * K31 ) +
1 1 1 2 1 1
+ (E Atip, * Karz + 50z, * Kagp + + Aty * Kd3,2) - (EAtua * Kagq + 5083, *
1 2 1 1 1 2
* Kapq + 50814, * Ka3,1) - (EAtna * Koo + 5083, * Kapp + 5 AL, * Ka3,2) + de +
2 .
~d3y;
The difference of the partial coordinates of unknown transition point coordinates

a(xgq, ¥a), b(xp, V1), c(xc Ve), d(x4, v4) Can be expressed by using the reference points
1(x1,¥1), 2(x2,¥2), 3(x3,¥3), 4(x4, y4) as follows:

(6)
Xap = Xp — Xgq = (%Atub * Kp11 + %Atwb * Kpoq + %Atmb * Kb3,1) - G Atyy, * Kg11 +
+%At13a *Kapq ++ %Atma * Ka3,1);
Yob =Yp = Yo = (%Atub * Kpy2 + %At13b * Kpa o + %Atmb * Kb3,2) - (%Atua * Kaq,2 +
+%At13a * Kgpp ++ %Atma * Ka3,2);
Xac = Xc —Xg = GAtuC *Kegq + %Atwc *Kep1 + %Atmc * Kc3,1) - G Atyz, * Ka11 +
+%At13a * Koo + %Atma * Ka3,1);
Yoce =Y —Va = (%Atlzc * Ke1p + %At13c *Keopp + %Atmc * Kcs,z) - G Ati, * Kagq,2 +
+%At13a * Kapp + %Atma * Ka3,2);
Xaa = Xg —Xg = (%Atud *Kgi1 + %Atmd * Kap1 + %Atmd * Kd3,1) - G Atyz, * Ka11 +
+%At13a * Kapq + %Atma * Ka3,1);
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1 1 1 1
Yoa =YVa—Ya = (EAtud * Kgq,2 + EAth * Kapz + EAtmd * de,z) - (EAtlza * Kq10 +
1 1
+ EAt13a * Kgpop ++ EAtMa * Kas,z);

Values Ty, Tacr Tadr Xab» Yaps Xacr Yacr Xad» Yaqa Were already introduced. Thus the
coordinates of a point Q(x,, v, ) and unknown &, can be computed according to the formula

(1):

AXgy AYy, Adgpe]™
[Tab Tac Tad] AXaC AYac AdacQ
AXga AYgq Adagg

[xq Yo J¢l=

N| =

3. CONCLUSIONS

A new algorithm for determining of the point coordinates of Q and the systematic error §, in two-dimensional
space in geodetic network solution was presented. Transition point indicator definition is based on the reference
point indicator definitions both developed by the author [13]. With the use of definitions of these point indicators
it is possible to determine the sought point Q in geodetic network solution. The direct solution for position
determination of unknown point is derived without application of the least squares method. In the proposed
solution there is no need to know the initial approximate location of the determined point. In the presented
algorithm there is also no need to know the values of coordinates of transition points. The basic principles of the
methods for solving the positioning problem in geodetic networks, the formulas and their derivation has been
presented. The numerical example with simulated data and a proof confirm the correct performance of the proposed
algorithm.
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