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Abstract

This short essay discusses the application of elementary computation methods for
a unified solution of coordination by trigconometry. It means that after computing bearings
and distances for establishing rays, coordinates for unfixed point are cbtained by using the
polar method in the computation process

Description of the basic concept is completed by the algorithm of a computation
process being applicable to HT PTA 4000+ -16/SHARP PC 1500A computer written in BASIC
language. The software gives a real interactive communication channel between the user and
the program.

The portable computer can be combined with a KA 160/CE-516P printer. The soft-
ware also understands special symbols as well as the Greek and the Hungarian alphabets.
Each problem is being supplied by a flowchart of the computation process

A unique location of a new point, relative to 2 fixed stations can be
achieved by observing at least two geometrical parts. Two internal angles or
two sides or one angle and one side of a triangle formed by rays connecting
control stations and a new point can be the geometrical parts for fixing a point.

Various methods are known for the computation of coordinates of an
unfixed station. This paper discusses a unified method that applies entirely
polar coordination for fixing a point. Using this methed, intersection by bear-
ings/angles or sides and resection, double resection and other methods (Hansen,
Marek) of fixing a point can be reduced to a simple computation process of
polar coordination.
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X = (total) northing
Y = (total) easting
AX = partial northing

}total coordinates

. . artial coordinates
4Y = partial easting }P

1. Imiersection

1.1, Intersection by angles

Given A(Y 3 X ,); B(Yy; Xg) and the readings (I,p: 1,51 15,; [5p) to for-
ward directions observed at 4 an B respectively (Fig. 1).
The internal angles are obtained as follows

v=1l,,— L, and 3=l —1,, (1.1)

1.2, Intersection by provisional bearings

Given A(Y,; X,); B(Y,: X5) and the readings to forward directions
observed at 4 and B. A provisional adjustment is then performed to obtain
provisional bearings 0, and dp,. The direction method of triangulation is
emploved in the computation process (Fig. 2).

When the final bearings 0,, and dp, are given then intersection by
bearings is performed (Fig. 3). We also have to notice that the unfixed point
P is always the second of the triangle’s three points starting from 4, and
that lettering follows the clockwise rule (4PB sequence) in the computation.
The arrows pointing to the unfixed station show the bearings, while distances
and bearings between 4B, AP and BP are denoted by the

3 tap =1
o tap =1
Sgp = 03 lzp =1, symbols.

X

Fig. 1 Fig. 2
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¥

Fig. 3

Coordinates for P will be computed by the polar method based on station A
involving §; and t,. Then 0, and §, are computed using the calculated values
for §4 and ¢, (Fig. 3).

If the angle method is applied then

8, =0, —o and =0, > p (1.2)

otherwise, J, and J, are known or can be computed by provisional adjustment.
The distance ¢, will be obtained by using the sine formula (Fig. 3) as below

iy =1 sin ((5? — “‘62)
sin (0; — 95,)

(1.3)

> e

he trigonometrical ratio of the compound angle for the numerator of the sine
ormula gives

=)

sin (§, — J,) = sin J, cos §, — cos Jy sin J, (1.4)
and substituting Eq. (1.3) for the numerator into Eq. (1.2) we obtain
f 810 J, c0s Oy — t, cos J, sin

= : 1.5)
’ sin (8, — 0y) (1)

As Fig. 4 shows the following equations can be set up
Yp— Y,=t3sind; and Xy — X, =1t,co0sd, (1.6)
Eq. (1.5) will then be rewritten into the following form

_ (Yp—Y  )cosd,— (Xg— X 4)sin 6,

h sin (3, — ) (.7)
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And coordinates for P are computed from the formulae given below

Yo=Y, +t;sind
(1.8)

Xp=X,-+tjcos

There is no solution if

where W = 180° or ¥ = 200%

or 9y == 9§, or t,=0.

3

When provisional bearings are applied to the intersection problem then
a semi-graphical provisional adjustment will be performed to the readings of
the forward directions. Coordinates for the occupied stations and for the

reference obhjecls are known, as well as a series of readings to the forward
directions leading to the ROs and to the unfixed points (Fig. 2 and Fig. 5}.
Firstly., a set of adjusting constants (z;) is created by calculating the
differences between the final bearings available and the readings belonging
to the same ray. Secondly, coordinate differences (Y and AX) are computed
from the adjusted constants and the corresponding distances, Then the mean
adjusting constant is calculated as the closing leg of the traverse line (Fig. 6).
This approximate method produces a mean adjusting constant that deviates
from the value computed by the numerical method using the weighted mean
by 1073 second of arc, therefore, the previous one can be applied to any task
that may occur in practice. The adjusting constant then will be computed as
follows
2= 00— Ly (1.9)
and the distance

= [(Y,— Y2+ (X;— XA)Q]5 (1.10)
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and the coordinate differences

n

A4Y, = t;sin z; > 1Y,
and B (1.11)
n
AX, =1, cosz; Z AX

i=1

If n is the number of the adjusting constants, then the mean value is caleu-
lated as follows

1
= 4Y,
_ i=1 57
ZK = arc tan T (1.12}
$ux,

i=1
Finally, provisional bearings for the establishing directions are obtained as
the sum of the mean adjusting constant and the readings for those rays that
terminates at the new point.

Then:
ZK, 1= ¢
AT Fap AP .
. ) (1.13)
] —
ZKg +lgp = dpp
where ZK , and ZK, are mean adjusting constants for sets of forward direc-
tions observed at station 4 and B, respectively.

If coordinates of 4 and B and readings for directions [, .; 1., observed at
g PB® ‘PA
P andfor 1,, and I, observed at A: or [, and I,, observed at B: (Fig. 7)
AP AB BA BP g 1)
are known then the internal angles are as follows

B=T—(z+7)
w= W — (B L )
where W = 180° or W = 200°.

(1.14)

BZ]

=
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Further steps in computation agree with those applied for the intersection
by angles [also see Eq. (1.2); (1.7); (1.8)].

If coordinates for 4 and B and distances #, and ¢, measured at P are known
then §; and f; are also computed (Fig. 8).

W

Fig. 8

Coordinates for P will then be computed using polar coordinates from
A station, The cosine formula gives the solution for « as helow

13—
g = arc ¢os ——————=

1.15
2t g (1.13)

Therefore, the final bearing for the forward direction to P [see Eq. (1.2)] is
obtained from the following formula

61 == 63 -
Note: There is no solution of the problem, if

SR

2. Resection

Selution of resection by the Collinns’ point method can be reduced to
two repeatedly performed intersections.

Given A(Y 43 X4); M(Y 5 X,,)s B(Yg: Xp) and readings to backward
directions 1, .3 I, and I, observed at P. The included angles are given as
follows (Fig. 9)

%= lpy — lpy
and (2.1
#=1lpg—lpy
The circle drawn through 4. B and P will be cut by a straight line connecting
P and M at P’ (Fig. 10). Note that ° = W — 3 and «’ = W — o where
W = 180° or W = 2008,
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Coordinates
first intersection.

.1:53_/9

for 4 and B, and angles ¢ and § are initial facts
After computing values of §, and ¢, two bearings (§; and
8,) will be obtained from the following formulae

The distance #, is then computed as it is shown in Eq. (1.7) where the sine
rule has been applied, and Eq. (1.8) is available for computing the coordinates

of P’ the same as those for the first procedure.

Firstly, the bearing 6,5, = 0; and the distance ¢,;,, = f; secondly,
9, and 0; bearings are computed as follows

6 = 84 — =

and

Fig. 10
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Then, t; distance is calculated using the sine formula as shown below

(Y, — Y.4) cos 85— (Xp— X,) sin

t; = 24
! sin (8] — 63) @4)
Finally, coordinates of P will be computed using polar coordinates
Yo=Y, 4+ t;sin d;
and (2.5)
Xp =X, +ticos &
The problem can be solved if
v+ f=W and typ = 0 (2.6)
where W = 180° or W = 200°
otherwise
a) In the case of « -+~ § = I the circle involving points 4, B and P becomes

a straight line and gives no solution.
The bearings 6; and &, become parallel lines and cuts can not be achieved.

b) If t,,,, = 0 then M falls onto P’ (M = P’ and 5} = 0).

3. Double resection

Double resection, and its specific versions such as the Hansen and the
Marek methods can be traced back to a simple resection that involves auxiliary
stations in the computation.

Given A(Y ,; X,); B(Yp: Xg) and C(Y; X)) as well as readings I, ,:
ipgs lpp to backward directions observed at P and those I I,q: [ to for-
ward directions observed at R (Fig. 11).

The included angles are as follows:

2= lpp — lpps B=1lpg—Ilpa (3.1)
v = lgp — Igp: e = lpc — lpg -

First, coordinates for P’ are computed. The circle, drawn through 4, B and
P, is cut by the straight line joining P and R at P’. Similarly, the cirele drawn
through B, C and R is cut by the same line at R,

The initial data for the computation of P’ by intersection are A(Y ,: X )
and B(Yy; Xjp) as well as angles  and 7" — (« - ). After calculating bearing
34 and distance f,, the 0, and 0, can he obtained as follows (Fig. 11)

5y = by — [ — (ax + 8)]: 8y = By = (3.2)

Also note that d; = dg, and 1, = 1,,!
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The ¢, distance will then computed by applying Eq. (1.7) while the
coordinates for P’ is obtained by Eq. (1.8).

The initial data for the computation of R’ by intersection are B(Yj:
X;) and C(Y; X) as well as angles W — (y + ¢) and y. After computing
bearing 6, and distance 75, 0, and 9, are calculated as follows

0y =93 — 73 0y =03+ [W — (y + &)] (3.3)
Also note, that 6, = d.5 and fy = tp!

Coordinates for R’ will then be obtained by using polar coordinates in

Eq. (1.7) and Eq. (1.8).

If coordinates for P’ and R’ are available, then bearing 8 can be obtained
and the bearing to P and R can also be computed.

Coordinates for P will be computed by intersection, where initial data
are the same that have been used earlier for computing coordinates for P’.
The bearings applied are

8 = 85 — 3 0y = 04 + [W — (a =~ B)] (3.4)

Since. bearing 6, and distance f, are given (see computation of coordinates
for P’), hence the bearings 6; and d; are

b= 85— [W — (v~ )] 5= by~ (3.5)

Knowing these bearings, P and R coordinates can be computed from B and

C by the polar method (see Eq. (1.7) and Eq. (1.8)).
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4. The Hansen method

Given A(Y 4, X,); B(Y 5. Xp) and readings I, 4, Ipg, lpg for backwaré
directions observed at P; and g, lyp, I, observed at R (Fig. 12)f Then the
angles are as follows

%:ZPR_ZPA; ﬁzlPB_ZPR (4.1\)

¥ = lrp — Igg} &= lpa — lgp

Fig. 12

The circle drawn through 4, B and P points is cut by a straight line joining
P and R stations at point P’. The same line also cuts a circle drawn through
A, R and B at R’.

Coordinates for P’ can he calculated from the given coordinates of A
and B also involving o« and 3 angles using the intersection method for com-
putation (Fig. 12). The bearings are

6, = 03 — 3: 0y = 05 — x (4.2)

Coordinates for P’ will then be computed from Eq. (1.2).
To obtain coordinates for R’, y and ¢ angles and coordinates of 4 and
B are used. The required bearings then

51:53* € 52253+ 4 (4.3)

And the coordinates for R’ can be calculated by Eq. (1.2).

Then the bearings (pointing to P and R stations) will be computed
considering that d; = 0p,p,.
A repeatedly performed intersection leads to coordinates for P.
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Coordinates and angles used in the computation are the same as the
values applied to the coordinates for P°. Bearings are calculated as follows

8 = 85 — 0 = 8 + B (4.4)

The 6, bearing and 7, distance as well as the angles are the same as those
used in the computation of R’ when coordinates are being computed for R.
Further bearings can be obtained from the following formulae

01 =05 — by =06;+ e (4.5

et

After knowing these bearings. coordinates for P are computed based on 4
station while coordinates for R can be calculated from B station by the polar
method [see Eq. (1.7) and Eq. (1.8)].

5. The A&arek method
Given A(Y,. X,). B(Yg. Xp), ((Ye X, and D(Y . Xp) as well as
readings for backward directions lpg, lpp, Ip, and I, I [oo (Fig. 13).
Then the included angles are

2= lpsy — lpgs = lpp —Ipp (5.1)

e

-

= lpe — Ippi

~y

= I}?P - IRD

The circle drawn through 4, B and P is cut by a straight line joining
P and R at P’ while another circle drawn through C, D and R is cut by the
same line at R’ The computation process will then be started by calculating
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coordinates for P’ by using the coordinates of 4 and B and « and § angles
(Fig. 13). It should also be noted that d; = 6,5 and t; = t,5. Then the bearings
needed for further calculations are

8y, = 0, — '3 8y = 03 + & (5.2)
where
g =W-—23 and of =W — = (5.3)
- and
W = 180° or W = 200°,

Equations (1.7) and (1.8) are useful for the computation of the distance ¢,
and the coordinates of P’.

Similarly, coordinates for R’ are computed from the coordinates of C
and D using y and ¢ angles as well (Fig. 13). Tt should be noted that d, =
= dcps I = tep-

Then, the bearings come from the following formulae

6, =05 — & 52 == 53 4+ (5.4)
where
& = W — ¢ and Vo= W — (5.5)
and
W = 180° or W = 2008,

Equations (1.7) and (1.8) will be used in the calculation and coordinates for R’
Knowing the coordinates for P’ and R’, and considering that 45 = 9
bearings belonging to the establishing directions can be obtained.

When the coordinates for P are being computed, then the same initial
data are used. except the bearings that follow

P'Rr>

5 = ) — o 0y = 0p + 3 (5.6)

Similarly, the computation of the coordinates for R requires the data that
has been applied to the computation of Y, and X, coordinates. In this
case, the bearings are

0 =85 — v

Qg
5~

=651 ¢ (5.7)

Using the equations (5.6) and (5.7) then Eq. (1.7) and (1.6), coordinates for
P and R can be obtained by the application of the polar method and also
involving the coordinates of B and C.

6. Program description

The unified solution of coordination is heing supported by a software
program which is written in BASIC language and applicable to HT PTA 4000
+ 16/SHARP PC 1500 A portable computers.
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START
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A Pnumber Smork:
X{A]
YIA] =7
M Fnumber S.mark:
XM} =2
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X{Bj=7
Y(8}=?

Reoding ~ Angle 7

New R number S.mark: !
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The user of the program is supplied with a real interactive softwarve
that makes usage of the program easy. As the flowchart of the program
indicates, after entering the name of the program and starting it, the com-
puter will ask for the input data. In the case of options, these might be the
answers to the questions required by the program.

First, the option is selected according to the circle reading made on the
theodolite, as shown below

)

. INTERSECTION

i A Brhumber S.morie:
Xik}=
Yidi=
B BnumEer S.mork:
X8z
Y8 =

~“ew P number
S.mark:

HAR] =

HAB) =

iPB) =

YPA] =

b3

New Fnumber

New P number New P.number flew P. number
S.morle: S.mark: S.mcric:
L= HBA)= p=
f= 1BP) = 6=
! I{PB) = i
New R number 11Pal = New F rumbe
S.mark l S. meri
X New P.number X
Y S.mark 14
‘ X

Y

Fig. 16
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DEGREE/GRAD (D/G?)
Secondly, the method of coordination is being chosen as below

i1 12 R TI DR H M ?

Notaiions
I1 = intersection (angles/provisional bearing)
12 = intersection (special version)
R = resection
TI = intersection by length
DR = double resection
H = Hasnsen method
M = Marek method

@

TRAVERSE INTERSECTION
I

A Ponumber S.marlk:
X{A]=?
Y{A)=?
8 Pnumber S.mark:
f X{B}=?
Y(B}=?

e

New P.number S.mark:
tAP) =
tBP =

!

P P.humber S.marx
X
Y

<"

%’
Fod
-~
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X

HANSEN METHOD
L

A Pnumber S.mark:

X{Al=?
Y(Al =7
B Pnumber S.mark:
X{Bl=7
Y(8l=7?
— L
P Pnumber S.mark: ; P Pnumber S.mark:
I{PA])=? i L=
I[PR)=? B=
{{P8)=2 R Rnumber S.mark:
R R number S.mark: %=
I{RB)=7 £x
HRP] =?
1RA]=? i T
! 3
“ P Rnumber S.mark
: X
P Enumber S.mark L4
X R Fnumber S.mark
Y X
R Pnumber S.mark Y
X ;
Y

b e e

<’,N

Fig. 18a
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DR

DOUBLE
RESECTION

X

A Pnumber Smari:
X(A) =7
Y{A] =7
B P number S mecrk:
X{B] =7

N

YiB; =7

C P number S mork:
X(Ci=?

YiC)=

Reading/ Angiz

P Pnumber S.mari f S.mark !
HPals
P8 = : 4=
. f 1
PR/ = : R Pnumter Somork:
R Rnumber S.mork ' i=
RS = l &=
I{RB} = |
:
HRC! :
f ¢
—
P ] P Pnumber S.morik
. ‘ X
= : v
7 Rrnumber S mork i
X R Prumber S.maorik
v X
R Eprumber Smarik ! T
X i
y

Continue

Y/N ?

Fig. 18b
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]

MAREK METHOD

!

L 4

A Prnumber S.mark:’
X{A)=7?

Yial=7

B Rnumber S.merk:
X(8}=7

YiB)=7

C Fnumber S.mecrk:
X(Cl=?

YiC)=?

D R rnumber S.merk:
XiL)=7?

Yi{l]=?

{IRD) =
HRP) =
HRC) =
:

P Rnumber S.mark
X
Y

P.number S.mark

X o

<

Reading / Angle ?

P P number

o™

RPnumber

™y

k4

£ number

P. number

<~x 1y <X

S mark

S.merk

Fig. 19
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COORDINATION
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B qgaa
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43¢ >1E0SUB 15
=)
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LK 8:’;LE.§$
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s CGOSUR 1reg
=L5: COSUE 174
PIF W=18BaND
=3B2THEN LET
B=DEG LAlks=
EG LK:LB=DEG

S et s

X WD D = A DD 00 INA D

B2 [F Us=PRYTHEN
ap 158: Trd=1:
B85 1F Usx  TIYTHEN 1858:03=
938 2~B:n2=D
JB: IR Us='DRYTHEN ISUs 1288
1863 A=0¥
T3IIF Us=vpr THEN 195:0Y=YP-A(Z, 1050
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1278 D:D1=D3-a:D2=0
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* RESECTION": W= GOSUB | 782
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Fig. 20
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Then, the number/name of the fixed points are entered which will be followed
by the relevant coordinates. Initial data are also printed at the same time.

When entering the degree, it should be clearly stated if readings to
directions or calculated angles involved in the process. Distance and coordi-
nates are considered in mm, while angles are taken in degrees, minutes and
seconds or in grades and its deeimals when they appear on the display. Small
dots will separate them from each other.

In the flowchart, input data will be followed by quotation mark whilst
data blocks will be followed by an equation mark and a question mark alike,
Finally, results are listed and printed. then the computation can continue.

The possibility of the solution of the problem will also be investigated
and if there is no solution, running of the program halts

NO SOLUTION!
is printed, and

ok ok END Hoose s o

remark can be seen on the display.
The author expresses his thanks to dr. ¥. A. Shepherd (University of
Nottingham) for his advices.
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