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Abstract: Trigonometric network adjustments are executable with a wide

range of programmes. For the modelling of a 2D adjustment by param-
eter variation), Excel was chosen due to its widespread use, accessibil-
ity and generally well-known basic use, furthermore also because of the
easy scanning, flexibility in procedure determination and UDF support,
the use of which adds considerably to the ease of scanning. The user de-
fined functions arranged for an Excel environment that were used in the
referred adjustment!''5! are presented. Each UDF presentation consists of
an overview of terms, directions of use and the simple uniform case. Cre-
ated UDFs can be downloaded®** for free as Add-ins for an Excel envi-
ronment. A new approach, referred to as the “switching off/on of data of
single measurements or a group of measurements of the same sort,” is also
presented. The adjustment of a simple imaginary trigonometric network
consisting of five measurement points is also included in the article. As an
addition!"! to the latter, a visual review of UDF use, filmed with the pro-
gramme CamStudio™ - which enables a beginner to learn how to use these
functions - was included.

Izvlecek: Izravnavo trigonometri¢ne mreze lahko izvedemo z veliko programi.

Za izdelavo modela posredne 2D izravnave!!l je bil izbran Excel, ker je
splo$no dostopen, osnove uporabe so znane, je pregleden in prilagodljiv pri
izvajanju procedure, hkrati pa podpira tudi uporabo lastnih funkcij. Upo-
raba lastnih funkcij doprinese predvsem k vecji preglednosti. V ¢lanku so
predstavljene funkcije, ki so bile prilagojene za Excelovo okolje in so bile
uporabljene pri referenéni izravnavil'"*!, Vsaka lastna funkcija je predstav-
ljena z opisom uporabljenih pojmov, navodilom za uporabo in enotnim pre-
prostim primerom. Vse te funkcije so dostopne**! zastonj v obliki dodatk-
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ov za Excelovo okolje. Predstavljen je nov pristop k izravnavi z moznostjo
izkljucevanja/vkljuéevanja posameznih meritev ali sklopa istovrstnih
meritev. Sestavni del ¢lanka je tudi preprosta namisljena trigonometri¢na
mreZa, sestavljena iz 5 merskih to¢k. Dodatek!!! k temu ¢lanku so vizualni
prikazi uporabe lastnih funkcij, narejeni s programom CamStudio™, tako
da se zacetnik lahko nauéi uporabljati te funkcije.

Key words: adjustment by parameter variation, UDF, MS Excel, switching oft/

on measurements

Kljué¢ne besede: posredna izravnava, UDF, MS Excel, izklop/vklop meritev

INTRODUCTION

When adjusting a trigonometric network,
we process a substantial amount of data,
which is why the use of any computer pro-
gramme that performs these calculations
without any substantial errors is a reason-
able step to take. We can perform a selec-
tion from a wide range of specialised pro-
grammes (TRIM, GEOS...) as well as pro-
grammes that enable the user to adjust an
individual procedure to its demands (such
as Matlab, Mathematica, Scilab, Maple,
Excel, OooCalc...).

Specialised programmes are more user-
friendly, but also rather expensive. Besides
that, these programmes function on the
basis of the “black box,” in which data is
entered, and from this, the results are re-
turned. However, in such a case, we have
no insight into the actual performance and
thus cannot check the accuracy other than
by a reference calculation. Due to the fact
that we know their true function, with
proper programming tools, our own cus-
tomised application can be created. Each
programming tool has both advantages and
disadvantages. The main factors affecting
what our chosen programme is to be are the

malleability of the working environment to
our demands and calculation process au-
diting, sometimes even the data processing
speed. Programmes such as Matlab, Math-
ematica - to name a couple of examples -
are usually a lot faster; however, they are
far less auditable, more expensive and, due
to much needed specific previous knowl-
edge, applicable only to a few users. On
the other hand, we have programmes such
as MS Excel and OOo.Calc, available for
a low price or for free, respectively. Their
basic use is well-known, they are flexible
in procedure determination and can easily
be scanned. Specialised programmes are
meant to be used in fluent projects by poor-
ly educated users. They are intended for
users who adopt results as optimal or ac-
curate enough for their needs, remising the
presence of eventual larger errors, which
could be annulled or reduced to an accept-
able range through the use of a proper ap-
proach. Individually adjusted programmes
are more research-oriented and therefore
intended for users wanting to know the
influences on calculation accuracy, there
due to the acquiring of satisfactory results
through the rejection of bad measurements
or with simulated measurements, creating
a model convenient for the task set. The re-
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ferred adjustment!!! and the simplified case
presented as an attachment to this article
offer us this option.

Due to all the stated reasons, and because
MS Excel supports creating user defined
functions with the help of MS Visual Basic
for Applications, MS Excel was chosen to
form a model of a 2D adjustment by pa-
rameter variation!'!, This is a compromised
solution, using both an individual proce-
dure and user defined functions, which are
actually specialised sub-programmes for
defined calculative operations; the kind
that are again part of an adjustment pro-
cedure as a whole. UDFs are still small
black boxes, but their algorithms are pre-
sented further in the continuation of this
article and a visual presentation of UDF
use is available!'), thus making this model
acceptable for a lower level of theoretical
knowledge as well. In turn, the model ena-
bles the calculation of an extensive trigo-
nometric network:

- in several epochs,

- on optional locations,

- merely by entering field measure-

ments.

Created UDFs can be downloaded™™ for
free as Add-ins for Excel environment.
Since they can be optionally complement-
ed, the authors would appreciate any for-
warded comments, experiences or eventual
malfunctions in their use.

Due to a limited printing space, the case
enclosed to this article is a hypothetical
small-scale application of a referred ad-
justment model. It consists of five meas-
urement points, four of them known (the
visures) and one unknown (the station).
The coordinates of the unknown point are
calculated when three known points (77,
T2 and T3) are used. The calculation is re-
peated when a new known point (new*) is
introduced. The value of m is a reference
to evaluate the benefits of introducing a
new known point into the adjustment proc-
ess. Its decreased value (see the enclosed
case in Table 15) clearly shows that the ac-
curacy of coordinate determination of the
unknown point has been improved. Ana-
logically, we can also conclude that the

Table 1. The imaginary data set for the network adjustment
Tabela 1. Namisljeni podatki za izravnavo mreze (dolzina, smer, stojisce, vizurne tocke, meritev,

natanc¢nost, utez)

A B C D E F G HI J
1 measurement accuracy ponder
2 station visure o ' ' o ' " mdrad],mijm]
3 T MT1 0 0 0 0 5| 242407E-05
4 s T MT_2| 270 3 0 0 5| 242407E-05
5 E T MT_3 216 52 10 0 0 5] 242407E-05
5] - T new" | 171 52 16 0 0 5| 2.42407E-05
7 T MT.2 499.99 0.005 0.400008
8 @ T MT.3 500.01 0.005 0399992
9 & T new 707.106 0005 | 0282843025
10 & T MT1 500.02 0.005 0.395984001
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Figure 1. The trigonometric network and po-
ints
Slika 1. Trigonometri¢na mreza s to¢kami

direction measurement to point new™* is
more accurate than the distance measure-
ment to the same point.

The enclosed printed case cannot express
the dynamic nature of the referred adjust-
ment and moreover doesn’t include all the
UDFs presented here. For these reasons,
the reader is encouraged to visit the NTF
sitelll and download the large-scale adjust-
ment model including all of the UDFs pre-
sented in the article at hand.

WHAT 1S A UDF?

A user defined function (referred to simply
as a “UDF” further on in the article) func-
tions as an add-in in the MS Excel pro-
gramme tools platform. It is virtually a part
of MS Excel and is simply summoned from
the function line. This additional function
enables faster work and adds to table trans-
parency. An optional number of UDFs can
be added, although it is recommended to

add only those used in the specific task in

order to achieve a higher processing speed.

UDFs are similar to macros, but with a less

complex code. Their benefits are:

- creating a complex or custom math
function,

- simplifying formulas that would oth-
erwise be extremely long “mega for-
mulas”,

- custom text manipulation,

- advanced array formulas and matrix
functions,

- a UDF’s programme code can be
locked, preventing its unauthorised al-
teration,

- an add-in is available without the need
to open new worksheet.

ADJUSTMENT BY PARAMETER VARIATION
WITH THE USE OF A UDF

The basis for the calculations is presented
by the adjustment theory. The setting out
method is used and distances and direc-
tions are measured. Field measurements
or their simulations are used in UDFs in
order to acquire matrices of equation co-
efficients; to eliminate z through Gaussian
elimination in order to get residuals equa-
tions.

The adjustment consists of two separate
parts. First we acquire the design matrix of
the equation coefficients by assuming the
sought-for coordinates. In the second part,
we use the field measurements and per-
form a Gaussian elimination. The matrix
of normal equation coefficients, as well as
the matrix of unknowns, is formed. The re-
sult is the residuals equation:
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v=Ax +f €))
where v is the vector of the residuals, 4 is
the design matrix of observation equations,
x is a vector of unknowns and f'is a vector
of absolute terms.

The weighed least square method is used.
When the product of v’Pv (v is a vector of
residuals, P a matrix of weights, acquired
in the base of expected measurements ac-
curacy) is the smallest, the result is optimal
for the data entered. A vector of unknown
parameters is then added to the assumed
coordinate data, thus iterating its value
until we reach satisfactory results, but of
course always according to the accuracy of
our field measurements.

How T10 UsE A UDF?

Furthermore, the way we use our own -
personally written - functions is presented.
We have carried out the adjustment with
the use of following functionsf®!.

dLine

This function returns the coefficient values
for the direction station_visure, thus giving
us its angle towards the oriented direction,
Az and normalizing all the coefficients.

Syntax: dLine (yStation;xStation;yVisure;
x Visure;grade;minute;second)

Legend:
yStation - [m] is the y coordinate of the

station
xStation - [m] is the x coordinate of the
station
yVisure - [m] is the y coordinate of the
visure
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xVisure - [m] is the x coordinate of the
visure

grade - [°] is the angle between the ori-
ented direction and the visured direction,
rounded off to a full number

minute - [’] is the hexadecimal part of the
angle between the oriented direction and
the visured  direction, rounded off to a
full number

second - [”’] is the hexadecimal part of the
minute (see above), rounded off to full a
number or to one decimal place

Use:

1. We select a field of size 1x5 (1 row
for the direction, 1 column for Az, 2
columns for the station coefficients, 2
columns for the visure coefficients).

2. From the function line, we select UDF,
then dLine.

3. In the fields opened, we enter the data
listed in the legend. Before closing the
window, we confirm the data entered
by pressing Ctrl+Shift+Enter.

dLineW

This function returns the matrix of coef-
ficients of the values for all directions of
station_visure, thus giving us their angles
towards the oriented directions, Az and
normalizing all the coefficients. All the co-
efficients for the visures are listed in two
columns (for y and x).

Syntax: dLine (Station;Visure;to25;grade;
minute;second)

Legend:
Station - the name of the station, taken

from to25

Visure - the name of the visure, taken from
to25

1025 - is the standard geodetical formulary.
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Table 2. The initial and calculated points coordinates and mean square error for T point coordinates
Tabela 2. Zacetne in izracunane koordinate tock in srednji kvadratni pogresek dolocitve koordinat

tocke T

A B C D E F G
12 points/ v X Dy Dx ¥ *
13 coordinates| [m] [m] | [m] [m] [m] [m]
14 MT_1 100 100 | O 0 100 100
15 MT_2 800 0 0 0 800 0
16 MT_ 3 1000 400 0 0 1000 400
17 T 500 400 |0.0055 0.0013|500.0055 400.0013
18 new* 1000 900 0 0 1000 200

19 | X°= 3.E-05

Table 3. Calculated coefficient values for directions station_visure and vice versa
Tabela 3. IzraCunani smerni koeficienti za smeri stojiS¢e_vizurna tocka in obratno

foe {=dLine($B17,$CH17.816,C16,05,ES5,F5)}

L M | N

[

O | P | Q |

dirschion kosficients

z stabonvisure ()

stbondvisure )

wisure/stytion () wizurefotytion (x)

E 0

0,002 0

0,002

Table 4. Calculated matrix of normalized coefficient values for directions station visure and
vice versa and as well for a vector of absolute terms

Tabela 4. Izracun matrike normaliziranih vrednosti smernih koeficientov za smeri stojisce vi-
zurna tocka in obratno ter za vektor popravkov f

o [=dLineVW($AS17,A16,A14:C18,05E5.F5))

Ll M | M | o l P | Q | R |
direction bausicisnts
: sionivisirs (y) | stabonhvisurs ) | visuedtsbion y) | visusietaion b) |
W ] 0,002 0 2002 BN

Table 5. Calculated matrix of normalized value for 4z and coefficient values for all directions
station_visure and vice versa, for a vector of absolute terms
Tabela 5. Izra¢un matrike normaliziranih vrednosti 4z in vseh smernih koeficientov za smeri
stojis¢e vizurna tocka in obratno, za vektor popravkov f

f {=dLineWall(B3,C8,A14:C18,D5,E5,F5,M12:X13)}

LM [ N [ o T P o [ R LT Tl v [ w [ X
MT_1 MT_1 MT_2 MT_2 MT_ 3 MT_3 T T new” new”
z ¥ b ¥ X ¥ ¥ ¥ % ¥ % f
-1 0 0 0 0 0 0002 0 0,002 1] 0 839270
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That is the table of coordinates assigned to
all points in a trigonometric network, with
which we operate in this function. It con-
sists of one column for point names and
two columns for the y and x values of the
point coordinates. Where the coordinates
are not known, we simply assume their
values. Use of to25 in dLineW returns the
table of coefficient values assigned to each

direction_visure,,, .

grade, minute, second (see previous func-

tion)

Use:

1. We select a field of dimensions 1x6 (1
row for the direction, 1 column for Az,
2 columns for the station coefficients,
2 columns for the visure coefficients,
1 column for the vector of absolute
terms).

2. From the function line, we select UDF,
then dLineW.

3. In the fields opened, we enter the data
listed in the legend. Before closing the
window, we confirm the data entered
by pressing Ctrl+Shift+Enter.

dLineWall

This function returns a matrix of coefficient
values for all directions of station_visure,
thus giving us their angles towards the ori-
ented directions, Az as well as normalizing
all the coefficients and the vector of re-
siduals. Each coefficient for the station or
the visures (the number of visures is m) is
showed in a separate column and row. One
column is reserved for vectors of absolute
terms only.

Syntax: dLine (yStation;xStation;yVisure;
x Visure;to25;grade;minute;secund;list)

Legend:
yStation,xStation,yVisure,xVisure,grade,
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minute, second; to25 (see previous func-
tion)

listC - is the table of measurement points
and their appropriate coordinate names (y
and x)

Use:

1. We select a field of size nx(2m+4) (n
rows for n directions, 1 column for Az,
2 columns for the station coefficients,
2m columns for the visure coefficients,
1 column for the residuals).

2. From the function line, we select UDF,
then dLineWall.

3. In the fields opened, we enter the data
listed in the legend. Before closing the
window, we confirm this data entered
by pressing Ctrl+Shift+Enter.

dLineWallZ

This function performs the Gaussian
elimination of Az and returns the matrix
of coefficient values for all directions of
station_visure, thus giving us their angles
towards their oriented directions; Az is an-
nulled. Each coefficient for the station and
all visures is shown in a separate column
and row. One column is reserved for the
vector of residuals alone.

Syntax: dLine (inputKernel;to25;distant;li
stC)

Legend:
t025, listC (see previous function)

inputKernel - is a table 5xn of the named
station and visure points and their belong-
ing measured directions (given in grades,
minutes and seconds)

distant - is the distance between the sta-
tion and visure point, reduced on a Gauss-
Kriiger projection

Use:
1. We select a field of size nx(2m+4) (n
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Table 6. Calculated matrix of reduced coefficient values for all directions station visure and
vice versa and as well for a vector of absolute terms after the Gaussian elimination of 4z
Tabela 6. [zracun matrike reduciranih vrednosti vseh smernih koeficientov za smeri stojisc¢e vi-
zurna tocka in obratno ter za popravke fpo izvedeni Gaussovi eliminaciji 4z

f A =dlineWallZ(B3:F6;A14:C18;M12:X13)

LI M ] N | 0 [P | @ JTrRI S [T Julvy ] w
MT_1 MT_1 MT_2 MT_2 MT_3 MT_3 T T new*  new®
y X f

z ¥ X ¥
4 [ 012 | [1.0004

w

0
0
0

Table 7. Calculated coefficients of a residual equation for a distance measurement
Tabela 7. Izra¢un koeficientov enacbe popravkov za dolzinsko meritev

e [=dDist(B17.C17.816,C16,08)}

Y z_ | A | s | AC
drecain hoshoent
shabonizame [y stabontvisure (<) wrsureSiadon fiy) wesumedziabon <)
| 1 4 1 0

Table 8. Calculated coefficients of a residual equation for a distance measurement and vector of
residuals
Tabela 8. Izracun koeficientov enacbe popravkov za dolzinsko meritev in popravka f’

& [=dDistWIAIT Al A14.C18,D8))

Y z [ aa [ A [ ac [ A ]
dwrechion loebowits
wonhviums fy) | shbonhiume ) | vemsiminfy) | viswslon i) i
| 1 4 1 L] o

Table 9. Calculated coefficients of a residual equation for all distance measurements and vector
of residuals
Tabela 9. Izracun koeficientov enacbe popravkov za vse dolZinske meritve in popravka f

£ =dDistWall(B5,C5,A14:C18,08;M 12213

LM N | 0 [P T @ [TRJISITTIJITUIIV] W
MT_1 | MT_1 MT_2 MT_2 MI3 |MI 3| T T new'  new"
¥ X y ¥ X ¥ X ¥ X f
2:X13) 0 0 0 1 0 -1 0 0 0 001
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rows for n directions, 1 column for Az,
2 columns for the station coefficients,
2m columns for the visure coefficients,
1 column for absolute terms).

2. From the function line, we select UDF,
then dLineWallZ.

3. In the fields opened, we enter the data
listed in the legend. Before closing the
window, we confirm the data entered
by pressing Ctrl+Shift+Enter.

dDist
This function returns the coefficients of
a residual equation for distance measure-
ment.

Syntax: dDist (yStation;xStation;yVisure;
x Visure;distant)

Legend:
yStation, xStation, yVisure, x Visure,distant

(see previous functions)

Use:

1. We select a field of size 1x4 (1 row for
the distance, 2 columns for the station
coefficients, 2 columns for the visure
coefficients).

2. From the function line, we select UDF,
then dDist.

3. In the fields opened, we enter the data
listed in the legend. Before closing the
window, we confirm this data entered
by pressing Ctrl+Shift+Enter.

dDistW

This function returns the coefficients of the
residual equation for a distance measure-
ment and the vector of residuals.

Syntax: dDistW (Station; Visure; to25;
distant)

Legend:
station, visure, to25, distant (see previous

functions)
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c

se:

1. We select a field of size 1x5 (1 row for
the distance, 2 columns for the station
coefficients, 2 columns for the visure
coefficients, 1 column for the vector of
absolute terms).

2. From the function line, we select UDF,
then dDistW.

3. In the fields opened, we enter the data

listed in the legend. Before closing the

window, we confirm this data entered

by pressing Ctrl+Shift+Enter.

dDistWall

This function returns the coefficients of
a residual equation for distance measure-
ments and the vector of residuals. Each co-
efficient for the station and all the visures
(the number of visures is m) are shown in a
separate column.

Syntax: dDistW (Station; Visure; to25;
distance, ListC)

Legend:
station, visure, to25, distant, ListC (see

previous functions)

Use:

1. We select a field of size 1x(2m+3) (1
row for the direction, 2 columns for
the station coefficients, 2m columns
for the visure coefficients, 1 column
for the vector of absolute terms).

2. From the function line, we select UDF,
then dDistWall.

3. In the fields opened, we enter the data
listed in the legend. Before closing the
window, we confirm this data entered
by pressing Ctrl+Shift+Enter.

4. We can expand this field in order to
acquire the coefficients and vector of
residuals also for the other distance
measured in the same network. We
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do this simply by selecting the field
1x(2m+3) and dragging it down, thus
expanding it to as many rows as we
have distances measured.

takeDiagMatrix

This function returns the values on a diag-
onal of a quadratic nxn matrix as a vector
of 1xn dimensions.

Syntax: takeDiagMatrix(matrix)

Legend:
Matrix - any quadratic matrix

Use:

1. We select a field of size 1xn (n for the
number of rows = the number of col-
umns in a quadratic matrix).

2. From the function line, we select UDF,
then takeDiagMatrix.

3. In the fields opened, we enter the
data by selecting a quadratic ma-
trix. Before closing the window, we
confirm the data entered by pressing
Ctrl+Shift+Enter.

createListC

This function returns a table of measure-
ment points and their belonging coordinate
names (y and x), vectors of absolute terms
and, when operating with direction meas-
urements, also with Az (in this case, this is
the name of a parameter and not a value).

Syntax: createListC(list)

Legend:
list - the name of the coordinates partici-

pating in a trigonometric network; the list
presents one column of to25 formulary

Use:
1. We select a field of size 2x(2p+1+1)
(p columns for the number of network

points,1 column for the vector of abso-
lute terms).

2. From the function line, we select UDF,
then createListC.

3. In the fields opened, we enter the list
of point names (taken from to25 for-
mulary). Before closing the window,
we confirm the data entered by press-
ing Ctrl+Shift+Enter.

EllipseW

This function returns a field the contents
of which are then imported by AutoCAD,
resulting in the depiction of an ellipse.

Syntax: EllipseW(Y center,Xcenter,Zcenter,
MajorSemi,MinorSemi,Rotation,Ratio)

Legend:
Ycenter - the Y coordinate of the ellipse

Xcenter - the X coordinate of the ellipse
Zcenter - the Z coordinate of the ellipse
MajorSemi - the ellipse major semi-axis
MinorSemi - the ellipse minor semi-axis
Rotation - the azimuth of the major semi-
axis

Ratio - the scale at which the ellipse is
drawn

Use:

1. Enter the values of the demanded data
separately in 7 consecutive fields in
one row.

2. Choose one field, open the EllipseW
function line, enter the data demanded
and press Enter.

3. Copy the same field, open an Auto-
CAD file and paste the data from the
selected field. The ellipse gets drawn.

pedaleW

This function returns the values of coordi-
nates for each pedale-forming point. The
number of pedale-forming points is recip-
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Table 10. Quadratic 7 xn matrix and calculated values on its diagonal as a vector of / xn dimensions

(diagQxx)
Tabela 10. Kvadratna matrika » Xz in izracunane vrednosti na njeni diagonali v obliki vektorja / xn

M127 - i [=takeDijagWmatnx(M117:V126)}

KL M T N 1] 0 | P | @ [ RI|I s | 17T ]luUul|lw
115 MT_1  MT_1 MT_2 MT_2 MT3 |[MT3| T T new" | new"
116 [Qxx| vy X ¥ X ¥ X ¥ X ¥ X
17| 0 0 1] 0 1] 0 1] 0 0 0
18] 0 0 0 0 0 0 0 0 0 0
119| 0 0 1] 0 1] 0 1] 0 0 0
120| 0 0 1] 0 1] 0 0 0 0 0
121 0 0 1] 1] 1] 0 1] 0 0 0
122| 1] 1] Li] 1] 1] 0 1] o 0 1]
123| 0 0 0 0 1] 0 00002 49E05 O 0
124 0 0 1] 0 o 0 5E05 95E05 O 0
125| 0 0 0 0 0 0 1] (1] 0 0
126 0 0 0 0 0 0 0 0 0 0
127| diagQxx|_0 1] [1] 0 1] 0 00002 95605 O i}

Table 11. Table of measurement points and respective coordinate names, expanded with fields
for vectors of absolute terms and 4z

Tabela 11. Tabela merskih tock in pripadajocih neznank, razsirjena s polji za popravek f'in za
orientacijsko smer 4z

' & =createlistC(A14:A18)

LI M N ] 0 s [ T Y W
| _ point coordinates
LAIB{MT_1  MI_1 MT_2 MT_2 MI3 MI3|] T T new™  new"

z ¥ X ¥ X y X ¥ X ¥ X f

Table 12. Calculation of values needed for drawing an ellipse in AutoCAD
Tabela 12. Izrac¢un potrebnih koeficientov za izris elipse v AutoCAD-u (elementi kovarian¢ne
matrike neznank, parametri elipse in merilo izrisa)

L M | N | 0 P | a | R | s | T | v Vv
elements of covariance matnx of unknowns ellipse parameters ACAD
mer. tocka Qyy Qxy Qoox y_cent | x_cent z_cent major semi_A minor semi_B rotation 8| ratio
T 0.0001651  0.0000482 = 0.0000948 |500.0055 400.0013 500 0.00239178  0.00239165 -54.2739 1000

I ellipse ¢ 500.00554879576 400.00127 189378 500 498.063561101369,401.397860096414 2.39164618576024

K=(Q-0, 44407 A=mg™(Q,, 40, HH)12
Bt (2'Qu( Q- Q) B=Mg QO K2
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rocal to AngleStepH.

Syntax: pedaleW(Y center,Xcenter,Zcenter
,MajorSemi,MinorSemi,RotationH, Angel
StepH,Ratio)

Legend:
Ycenter, Xcenter, Zcenter, MajorSemi,

MinorSemi, Ratio (see previous function)
RotationH - the azimuth of the major
semi-axis

AngelStepH - defines how wide an arc is,
approximated with the line between two
neighbouring pedale-forming points (e.g.
the smaller the step, the higher the accu-
racy of the contour drawn)

Use:

1. Enter the values of the demanded data
separately in 8 consecutive fields in
one row.

2. Choose 3xn fields (n....360 ° divided
by the angle step used, e.g. if you are
drawing a circle and the angle step is
10, then you get n=36, thus getting
the number of chords forming an ap-
proximate closed contour of a circle),
open the pedaleW function line, enter
the data demanded and press Enter.
(P.S. When changing parameters af-
terwards, this can be done to all the
parameters apart from the angle step,
as the decrease in the angle step will
cause a gap in the contour).

3. Choose 3x1 fields necessary for add-
ing the coordinate data of the first point
beginning the contour, thus forming a
closed contour of the curve (this field
must be filled manually).

4. Copy all 3x(n+1) fields, open an Au-
toCAD file and paste the data from the

selected field. Only the pedale-form-
ing points get drawn. Since it results
in better visual conception, it would be
reasonable to use the lineW function to
draw the pedale contour subsequently.

lineW

This function returns the fields the contents
of which are then imported by AutoCAD,
where they result in the drawing of the
contour of the pedale, approximated with
the lines defined by this very function.

Syntax:  pedaleW(Y from,Xfrom,Zfrom,
Yto,Xto,Zto)
Legend:

Yfrom - the value for Y for the first point
of the line
Xfrom - the value for X for the first point
of the line
Zfrom - the value for Z for the first point
of the line
Yto - the value for Y for the second point
of the line
Xto - the value for X for the second point
of the line
Zto - the value for Z for the second point
of the line

Use:

1. Choose 1 field, open the LineW func-
tion line, enter the data demanded and
press Enter.

2. Stretch this field to another n consecu-
tive fields in the column (x....the same
number as used in pedaleW).

3. Copy all the (n+1) fields, open an Au-
toCAD file and paste the data from
the selected field. The contour of the
pedale gets drawn.
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Table 13. Calculated values of coordinates for each pedale-forming point
Tabela 13. Izra¢un vrednosti koordinat, ki sestavljajo pedalo (elementi kovarianéne matrike
neznank, parametri elipse, merilo izrisa, tocke pedale in kontur)

| L l M | N | 0 | P | Q@ | R | S | T L U |V
elements of covariance matrix of unknowns ellipse parameters CAD
mer. tocka Qyy Qxy Qxx cent | x_cent z cent major semi_A minor serni_B rotation 8| ratio
T 0.0001651 00000489  0.0000948 [500.00551400.0013 500 0.00239178 | 0.00239165 |-54.2739] 1000

| ellipse ¢ 500.00554879576,400.00127189378 500 495.063661101369 401.3978600964 14 2.39164618676024

He(Q- QP4 4°Q,.7 AamgB( Q02
Bty QA Qe Gy)) B (QuetQp K2

1
$
3
g

contour

Jine S00.00554879576,400.013230352175,500 500.011527914547 400.011628031 304 500

Jine S00.011527314547 400,01 1628031304 500 500,01 5805025175 400.00725108562 500
Jine 500.015005025175 ,400.00725106562 500 500 017507466364 400,001 27189378 500
Jine S00.017507 465364 400,001 27159378 500 500 015905499528 ,399 995292448071 500
Jine 500.015905499528,399 995292448071 500 500.011528188417 359 990915281598,500
Jine S00.011528155417 399 99091 5261598 ,500 S00.005548793576,399.96931 3435384 ,500
line 500.00354879576,399.969313435364 500 499 .993569676972,399.990515756255 500
Jine 499 393569676972 399 990915756255 500 499.995192566 344 399 935292721939 ,500
line 499.995152565344 399.595292721939 500 4999935901251 56 400.00127183378,500
Jine 499 993530125156 400.00127189378 500 499 995192091 992,400,007 251 339488 500
line 439 535192091992 400.007251339456 500 439 939569403102 400 011626505651 500
line: 499 993569403102 400.01 1628505661 500 S00.00554879576, 400,01 3230352175 500

g

Table 14. Calculated values of coordinates for each pedale contour-forming line
Tabela 14. Izracun vrednosti koordinat za linije, ki sestavljajo konturo pedale (tocke pedale in
linije kontur)

L | M N _ |[NORN P | Q | R g | 1]

| pedsle pornts z_cent pedale contour

00005549 J400.0132304 500

00011528 J400.011628 200 agmigngy |
500015305 [400.0072511 500 line 500.011527914547 400.011628031304,500 500.015905025175,400 00725106552 500
500017507 [400.0012718 500 line 500.015805025175 400.00725108562 500 500.017507 465364 400.00127189378 500
500015905 (3999952924 500 line 500.017507465364 400.00127189378 500 500.015905429528 399 995292448071 500
500011526 [399.9909153 500 line 500.015805499528 399 995232448071,500 500.011528188417,339 980915281898 500
500005549 [399.9593134 500 line 500.011528188417 399.990915251598,500 500 00554879576,399 959313435334 500
43999357 [399.9909158 500 line 500.00554873576,399 559313435384 500 499.599569676972,399 990915756255 500
499995193 [399.9952927 500 line 499 899569676972,399.990915756255,500 499 995192556344,399 995292721939 500
43999359 |400.0012719 500 line 493 895192566344,399.995292721339,500 493 993530125156,400 00127189378 500
499995192 |400,0072513 500 lire 499 993590125156 400.00127189378 500 499995192021 992 400007251 339488 500
499993569 [400.0116285 500 line 499.885192091992 400.007251339458,500 499 299568403102,400 011628505561 500
500005549 [400.0132304 500 line 499 829569403102 400.011626505661,500 500 00554879576 400.013230352175 500
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SWITCHING THE MEASUREMENT DATA OFF/ON

Through introducing a switcher (0 or 1; see
fields 4F and 41 and subordinary fields B7
to B14 and L7 to L14 of the enclosed case
in table 15), we gain the option to improve
the final results by excluding bad single or
group measurements from the input data
set. It also gives us the option of defining
the measurement points as either known
or unknown. Once the specific data have
been switched off/on, this affects all the
other subordinate data in the adjustment.
In combination with other calculative tools
(i.e. the mean square error), we can evalu-
ate the influence of the specific data on the
adjustment results and reliability of the
trigonometric network, be it either real or
simulated.

CONCLUSIONS

When adjusting a trigonometric network, a
substantial amount of data is treated. In or-
der to achieve better programme perform-
ance and easier scanning, UDFs are intro-
duced into Excel. On the basis of the data
entered, a UDF can execute algorithms
or treat non-numeric data. The optional
exporting of UDF derivates to CAD pro-
grams is an additional benefit of the Ex-
cel environment, thus offering a graphical
presentation of the calculated results. UDFs
were used considerably in the adjustment
model™, thus saving time and space for the
procedure. An additional approach used in
this adjustment is switching bad measure-
ments off/on in order to make the model
dynamic and consecutively giving us the
option to acquire more accurate results.

The case enclosed to this article is a print-
ed small-scale version, and is unfit to re-
veal the dynamic nature of the referred
adjustment, which is another reason why
the reader is encouraged to visit the NTF
sitel!l and download the large-scale adjust-
ment model, which includes all the UDFs
presented here.

PovZETEK

Pri izravnavi trigonometri¢ne mreze obde-
lujemo vecje koliCine podatkov. Excelove
lastne funkcije (UDF) pripomorejo k vecji
ucinkovitosti programa in omogocajo
preglednost izracunov. Z lastnimi funk-
cijami obdelujemo vnesene numeric¢ne ali
nenumericne podatke. Dodatna prednost
UDF je moznost izvoza nekaterih rezul-
tatov v CAD programe in s tem tudi nji-
hova grafi¢na predstavitev. UDF so bile v
precejs$nji meri uporabljane v referen¢nem
modelu izravnavell, s ¢imer smo za ob-
delavo prihranili precej Casa in prostora.
Dodatno je predstavljen tudi nov pristop,
ki omogoca izklop/vklop slabih meritev,
kar nam omogoca pridobitev natan¢nejsih
rezultatov in hkrati naredi model bolj
dinamicen.

Primer, prilozen k temu ¢lanku, je zgolj po-
enostavljena verzija referencnega modela
in ne razkriva njegove dinamicnosti, kar je
dodaten razlog za obisk NTF strani'!l, od
koder si lahko prenesete neokrnjeni model
z vsemi predstavljenimi lastnimi funkci-
jami.
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Introductory overview of input

elements and some control data for simu-

lated case

mentov in nekaterih kontrolnih rezultatov

Tabela 15. Pregledni prikaz vhodnih ele-
za simulirani primer

Table 15
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