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OUTLINE

« A new mathematical model Is briefly described, and a new
positioning algorithm is announced.

 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 positioning algorithm.
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* New algorithm for determining of the point coordinates
and a systematic errors In two-dimensional space In
geodetic network solution Is presented. In the proposed
solution there iIs no need to know the Initial approximate
location of the determined point, nor the coordinates of
the transition points.
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2.1 DETERMINATION OF THE COORDINATES OF A POINT E{xﬂ, }fﬂ]
AND A SYSTEMATIC ERROR &, IN 2D ON THE BASIS OF REFERENCE

AND TEANSITION POINTS

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

1(xg, y1). 2022, ¥2). 3(x3, ¥3 ). 4(x4. ¥,) 15 given.

There are known four distances d g, dpg. dog. 04, from the unknown transition points
a(x,. Vo). b (xp. v3 ), c(xc ¥ ). d (x4, y4) to point Q(xg. ).

There are also known distances:

fygelyp e dyg g Aop e dog. tag, dap. tap g Ayg. dyp. Ay dyg between four
reference points 10x,. v, ), 2(x., v ). 3(x5. v2). 4(x,, v, ) and the transition points
al(xg. Yol b ¥5). € (xc. ¥ ). d (x4, ¥4).
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The coordinates of point Q(xQ, yQ) and a systematic error 6, can be computed from the
following author’s formula [13]:

AXop Ay dag —dpg|™

[JCQ Yo §Q] = %[Tab Toc Tad] "ﬁXac ﬁYac daQ o dCQ (1)
_Mad ﬂYad daQ _ ddQ_

T, — difference of two transition point indicators t;, and t,, in regard to point () (xQ, Yo ),
Ty — difference of two transition point indicators t., and t,, in regard to point Q(xq, yQ),
T,q — ditference of two transition point indicators t;, and £, 1n regard to point Q(xQ, yQ),
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Axi, Ay, Adyyg -

Axi, Ay, Adgy, i
K, =|Axy3 Ay Adgsg K =|Ax;3 Ay;3 Adps,
Axi, Ay, Adgy, Axyy Ayyy Adpyq
Axi, Ay, Adgyy I Axi, Ay, Adgs, I
K,.=|Ax;3 Ay;z Adgsg K4=1|Ax13 Ay;3 Adgsg
Axiy Ay Adgyy Axyy Ayia Adgyq
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Values of the transition point indicators &, tpq, Lcg, tag can be computed [13]:

1 1 1 2 n 1
tag = (5 Atyp, * K11 + 5!’“13'fI * Kazq + E‘Mma * Ka3,1) + (Eﬂtlza *Kq12 + Eﬂtwa *

2
1 2
a22 T Eﬂtma * a3,2) —dzg

1 1 1 2 n 1
tho = (Eﬂtub * Kp11 + 58, * Kpop 5 ALy, * Kb3,1) + (E Alyz, * Kp1,2 +5 A3, *

2
1
* Ko o + Eﬂtmb * KDS,Z) — dlzaq;

1 1 1 2 1 1
tCQ = (E Atlzc * c1,1 + _atlgc * c2,1 + Eétld'c * 3,1 ) + (E Atlzc * 12 + EAI'—13C *

7
1
c2,2 T 7 Alyg, * c3,2) — dZg:

1 1 1 2 n 1
tag = (EAtIZd *Kq1q + Eﬂtmd *Kapq + Eﬂtmd * Kaz ) + (E‘Mlzd *Kqp2 + Eﬁtwd *

2
1
* Kgoo + Eﬂfmd * Kd3,2) — dfiq;
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1 1 1 1
Xap = Xp — Xq = (Eﬂtlzb * Kp11 + AL g, * Kypq + 5 ALy, * KbS,l) — (782, ¥ Ka11 +

1 1
+7 A3, * Kazq + 5484, * Ka3,1);

By ] =

1 1 1
Atyp, * Kpy 2 + Eﬂtlsb * Kpa o + Ei\-tmb * KDB,Z) — (EAtlza *Rgp2 T
1 1
+5-’3-t13a * Koo + E’—‘-tma * Ka3,2)§

1 1 1 1
Xac = (2 Atlzc * Kcl,l + EAt13C * KCZ,l + EAt14'C * Kc3,1) (E Atlza * Kal,l +

Yab=yb_ya=(

1 1
+5-’:‘-t13a * Kgoq t Eﬁtma * a3,1)§

1 1 1 1
Yoc (2 Atyp, * K1 + 53513(; * Kepo + 535146 * Kca,z) (2 Aty,, * Kgy2 +
1 1
+§-’:‘t13a * Kgp o + E"—"-tma * Kaa,z);
1 1 1 1
Xaa = Xaq — (2 Aty , * Kg11 + Eﬁtud * Ko 1 + E"—“-tmd * Kd3,1) - (5*"1“512[l * Kgpq +

1 1
+5 AL, * Koz 5 AL, * Ka3,1);

1 1 1 1
Yoa =Ya —Ya = (Eﬂtud * K12 + Eﬂtwd * Koo + 557514(1 * Kas,z) — (Eﬂtua * Koz +
1 1
‘|‘Eﬂ'f13{1 * Koo + Eﬂtna * Ka3,2);
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The coordinates of point Q(xQ, yQ) and a systematic error 6, can be computed from the
following author’s formula [13]:

AXy, AY,, Adapol™

1
[xQ Yo 5@] — E[Tab Tac Tad] AX,. AYg, ﬁdac@
_Mad AY, 4 '&dadQ_

T, — difference of two transition point indicators t;, and t,, in regard to point () (xQ, Yo ),
Ty — difference of two transition point indicators t., and t,, in regard to point Q(xq, yQ),
T,q — ditference of two transition point indicators t;, and £, 1n regard to point Q(xQ, yQ),
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Thank you for your attention

Dr. Bartlomiej Oszczak, POLAND
bartlomiej.oszczak@gmail.com
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