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THE PROCEDURE FOR PERFORMING CORRELATE
EQUALIZATION OF A TRIANGULATION GRID USING MICROSOFT
EXCEL

Annotation. One of the main tools in the Microsoft Office 2010 package is
a spreadsheet program Microsoft Excel, which is part of the software of modern
computers. Microsoft Excel is designed for the preparation and mathematical
processing of spreadsheets under the control of the Windows operating system.
We aim to perform the process of equalization of the triangulation node
by the correlate method using Microsoft Excel.
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METO/JAUKA BBIIIOJIHEHUA KOPPEJIAIIMOHHOI'O
YPABHEHUS TPUHAHT YJIAIIMOHHOM CETH C
NCIIOJB30BAHUEM MICROSOFT EXCEL

Annomayus. OgHUM M3 OCHOBHBIX MHCTPYMEHTOB maketa Microsoft
Office 2010 sBasiercss mporpamma ajisi pabOTHI C JIEKTPOHHBIMU TaOIHIIAMU
Microsoft Excel, Bxoasmias B cocTaB MpPOrPpaMMHOIO  OOCCIIEUCHUS
COBpEMEHHBIX KoMIbIoTepoB. Microsoft Excel npeanasnaden ist MOATOTOBKHU U
MaTeMaTU4YeCKo 0OpaOOTKM AJEKTPOHHBIX TaOJUIl TOJA  yOpaBJIECHUEM
oreparroHHo# cuctemsr Windows.

MpbI CTpeMHUMCS BBIITOJIHATD MPOIICCC BHIPABHUBAHUS y3JIa TPUAHTYIISIIHH

METOIOM KOPpEJSIUH ¢ ncmob3oBanreM Microsoft Excel.
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Kmiouesvie cnosa: Excel, tpuanrynsunus, wMepa, MaTeMaTHyecKas
oOpaboTka, omepanuonHas cuctema Windows, pesyibrar, KOppeIsIHOHHBIN
METO/I.

One of the main tools in the Microsoft Office 2010 package is a
spreadsheet program Microsoft Excel, which is part of the software of modern
computers. Microsoft Excel is designed for the preparation and mathematical
processing of spreadsheets under the control of the Windows operating system.

We aim to perform the process of equalization of the triangulation node
by the correlate method using Microsoft Excel.

Figure 1 shows a schematic of the measurement of angles in the triangulation
type and Table 1 shows the results of the measured angles. V.D.Bolshakov,

Yu.l.Markuze, D.O. Juraev ., B. S. Kuz‘min learn this methods.
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Measurement Scheme:

e

Measured Angle Values Table 1

O’Ichangan
Bur- Bur- .
giymatlar Tenglama
chaklar chaklar
Xi
1 AOB 58° 15'45" 8 t
2 BOC 38° 10" 10",8 [
3 COoD 61° 01'11",0 L3
4 AO0C 96° 25'53"1 1+t
5 BOD 99° 11' 21"3 ty + 13
6 AOD 157° 27'04".,6 )+t +13
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As parameters, we take the first four of the ten measured angles. We
define them by their equalized value t, t,, t,, t, (Table 1).

As an approximate value of the desired unknowns, we take the results of
their measurements, namely:
t) = 58°1545,"8
ty = 38°1010,"8
td =61°01'11,"0

Then we express the equal value of all ten measured quantities by the
equal value of the four required unknowns to construct the dependence of the
correlate equations.
X =% =V, = f,(t,1,,t,t,)

(1) according to the formula

1)?1 - tl 4) 'f-‘-l- - tl + tz
2)x; =ty 5) X5 =ty +13 (2)
3).?3:]';3 6)f6:t1+t2 ‘|—t3

To perform the process of correlate equalization of the triangulation
network using Microsoft Excel is necessary to perform the following procedure:
1. In the Microsoft Excel program, we enter the measured values in the
order shown in Figure 2, the selected desired unknowns (parameters), the
approximate value of the detected parameters and the dependence of the

constructed correlate equations[2].
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matritsa [PEXHM COBMECTAMOCTH] -

TpaHmL @opuy Dassie PeLeHINpoBaHUe I
R Arial Cyr 0 - AW
=N
E(TE'EHH: ¥ X K U- & By o A
bydep obmena & Wpngr Bbl Yncao
G6 v Jfe 0O'lchangan burchak
Foo G I H J K

4
5 |
_6 | OIchangan burchak Burchak nomi Tenglama
7 38:00:01 AOB a
_8 | 42:00:01 BOC b
9| 44:00:01 CoD c
10| 33.00:01 DOE d
| 80:00:22 AOC a+b
12| 86:00:12 BOD b+c
13 76:59:52 COE c+d
14 123:59:43 AOD atb+c
19 119:00:18 BOE b+c+d
16| 156:59:49 AOE atb+c+d

17

2. We convert the measured values in degrees, minutes, seconds to radians
in Microsoft Excel using geodetic instruments (theodolite tool). To do this, we
enter the information in column 2 of Table 1 in the order shown in Figure 2 in
Microsoft Excel - left-click on the arrow (format cell: number) in the corner of

the item "Number" of the "Main" section of the program window (Figure 3a)

Figure 2.

and an additional working window as shown in Figure 3b is formed[2].
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Figure 3.
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Then we click on the "Number" item in the additional working window
"Format cells" in Figure 3b, select the command "(all formats)" from the menu
"Numeric formats:" and from the menu "Type" we select the "[ch]: mm: ss icon
and activate the mode “Number” by pressing the button L],

3. After activating the "Number" mode, multiplying the measured
180°values (expressed in degrees, minutes, seconds) entered in Microsoft Excel,

7 =3141592.......our values become radian[10]. (Figure 4)
i@ - - o |- e T N~ ~

@ naeHaR Becraeka PazmeTka CTpaHNUbI Dopmynkl PIELTETS PelieHzNpOEaHKE Bua (2] e o B R
* A A = : Ea
T - = R a2- EI:':EI::T: -

Bygep oOmeHa LWpugpr BbipaBHUBaHIE Yucno CTunm Aueriku PejakiupogaHne

CYMM hd K & | =G37*H37/137 -

G H | J K L M N 0 P Q R S o
28
29
30
3
32
33
34
35
KL A S
37 [ 39:16 WBI 3,14;” )»})»}))j)&){‘}‘; =G37"H3T7/137| 0:00:08 3,14 180 0:00:00 0:00:08
38 42:00:01 3,14 180 04358 42:00:01 0:00:11 3,14 180 0:00:00 0:00:11
39 44:00:01 3,14 180 0:46:03 44:00:01 0:00:08 3,14 180 0:00:00 0:00:08
40 33:00:01 3.14 180  0:34:32 33:00:01 0:00:00 3,14 180 0:00:00  0:00:00
41 80:00:22 3,14 180  1:23:44 80:00:22 0:00:17 3,14 180 0:00:00 0:00:17
42 86:00:12 3,14 180 1:30:01 86:00:12 0:00:07 3,14 180  0:00:00 0:00:07
43 76:59:52 3.14 180  1:20:35 76:59:52 0:00:02 3.14 180 0:00:00 0:00:02
44 123:59:43 3,14 180 2:09:47 123:59:43 0:00:15 3,14 180 0:00:00 0:00:15
45 119:00:18 3,14 180  2:04:34 119:00:18 0:00:12 3,14 180 0:00:00 0:00:12
46 156:59:49 3,14 180  2:44:19 156:59:49 0:00:10 3,14 180 0:00:00 0:00:10
47
48 -
M 4 » M| Nuctl JNncr2 Nver3  ¥E K I vl
Yaunre | | BB O 100%
Figure 4.
4. Then we construct the correlate equation of corrections

Vi = a;111 + Q;pTy + @373 + |; 1 =1,2...... 6

)

This here:  a, :[%]; a,= {%} a, = {%] ;
a4 ot o, )

|i=fi(t10, ..... ,tf)-Xi:x.O-Xi (4)
In the example of the 4th correction equation we show how to construct.
The 4th equation is due to:
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gy = (5 )o= +1;

Free limit:

r

L, =t + t9)—x, =58°1547,8" +38°1012,8"—96%2525,1" = 3,5"

We write the equation of all corrections in the same way.
HV,=1=-15
2) Vo, =1,=—1,0
3) V; =153=0,0
HV,=1 + 1, + 3,56 =+1,0
5 V=1, + 13+ 05=-0,5
6) Vo =1, + T3 + 3,0=+1,5

We enter the above steps in the Microsoft Excel spreadsheet (Figure 5).
EEERERE o reowcoeonons ostoncemmmnorn R

M nasuan | Bcragka  Pa3merka CTpadiusl  GOpMynsl  [laHHble  PelesHpoBanme Bua o @ o &2 =
E Arial Cyr S A = == e S oouwi - 7 =
LB By - ! A = - = }g ijjé — F ygamms - | @ - ﬁ ﬁ
g (M AIS A EEEEEE T 0w R T O e | 2- (IS
Bypep obmera i LpugT i B u Uncno u Crwm Auedin PegaKTnpoBaHie
F5 - F v
[ F G I H I 0 7 K [ L [m [ N 0 P Q R A
4
5|
6 | O’Ilchangan burchak Burchak nomi Tenglama 1a -8
|| 38:00:01 AOB a 2b 1"
_8 | 42:00:01 BOC b 3c -8 3
9] 44:00:01 COoD c 4d 0
_10] 33:00:01 DOE d 5 a+b-0:00:20 -17
11 80:00:22 AOC a+b 6 b+c-0:00:10 -7
12| 86:00:12 BOD b+c 7 c+d+0:00:10 2
13| 76:59:52 COE c+d 8 a*b+c+0:00:20 15
14 123:59:43 AOD at+b+c 9 b+c+d-0:00:15 -12
_15] 119:00:18 BOE b+c+d 10 a+b+c+d+0:00:15 10
16 ] 156:59:49 AQE a+b+c+d
17
18| 0:39:46 0:43:58 1:23:44  1:23:44 0:00:00 0:00:20
19| 0:43:58 0:46:03 1:30:01  1:30:01 0:00:00 0:00:10
20 | 0:46:03 0:34:32 1:20:36 1:20:35 0:00:00 0:00:10
21 0:39:46 0:43:58 0:46:03  2:09:47 2:09:47 0:00:00 0:00:20
22 ] 0:43:58 0:46:03 0:34:32  2:04:33 2:04:34 0:00:00 0:00:15
23 0:39:46 0:43:58 0:46:03  0:34:32 2:44:20 2:44:16  0:00:00 O'OOZ'QBSD Kewrice
24 192.0 ~
4 4 W] Nucrl STncr2 Ninard o td Kl [ Tz0 w ] >l
rotoso | Cpegpee: 1,520958609  Konuuectao: 92 c;rmﬁ%‘%ﬁaﬁﬁgﬁ—wmu i —

Figure 5[9].
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5. After that, we compile the table of coefficients of the correction
equation (1) according to the formula (5) in accordance with Table 1 and enter it
into the spreadsheet of Microsoft Excel and calculate it using the program
(Figure 6-7).

| 2 - |=
e
o Arial cyr
E1 y
peramne K K U
Bydep obmena
| F21
AT
4
5
6
7
8
9 |a b [} d I S v vV
10 1 0 0 0 0 1 -8 64
11 (o] 1 (o] (o] (o] 1 1" 121
12 0 0 1 0 0 1 -8 64
13 0 0 0 1 0 1 0 0
14 1 1 (o] (o] 20 -18 -17 289
15 0 1 1 0 -10 -8 -7 49
16 (o] (o] 1 1 10 12 2 4
17 1 1 1 0 20 23 15 225
18 (o] 1 1 1 -16 =12 -12 144
19 1 1 1 1 15 19| 10 100
20 4 6" 6" 4" 0 20| 14 1060
21
22
=) 80 Kot/
24 6.0
4 4 v M| mucrt | Swer2 Muers ¥ <] 40
roroso | Cpearee; 1212121212 Knnwensn‘?u
11 v - - - =M. B (whs (8.« 32 =Tk N E ¥ . @ (V21 e, o8 .

Figure 6[9].
EE9-o-|+ matritsa [Pexcm coBwmecrnmocTu] - Microsoft Excel (C6oH axtheayum npoayxra) = =

fnaeWaa | BcTagka  Pa3MeTka CTpaWnusl  QOpMyMsl  JaHHbe  PeLgHIMpOBaHne  Bua 6@ =@ =

= = Oowmi - ij}i ﬁiﬂ‘ g 5 BCTaBUTL - ﬂ ﬁ

B Arial Cyr T z
- A - B vaamme - | @] -
Q2

Copripoeka  Haiti
U UALTD * BLIgENNTS

. .9 o o0 Ycnostoe  Gopmamuposate Cramn |
oo e s h [ oopwar -
$OpMaTUpOBaHKe * Kak TABAMLY T Aueek T

2
Bowmh K & 9 e B- A

By(ep obmera [ Wkt ] BhipaBHmBaHie 7] Uncno 7] Crvnn Aveiikn PegaTupoBaHie
[ A27 - £ aa v
[ A [ B8 c [ b E F G H J K L M N 0 P e

19 1 1 1 1 15 19 10 100
20 4 6" 6" 4" 0 20 -14 1060

W4 M| Tnerl | Nuer2 STner3 ¥ [T i ] »

= =
Toroso | Cpearee: 62,8 Konuyecrso; 50 Cymma; 1570 ”@]EI 100% (=} [} {+)

Figure 7[9].
Since it is the sum of the numbers on the columns, the sum of all the
values of Si is equal to the sum of the values above the double line.
6. Solving normal equations:

The system of equations consisting of four unknowns is as follows:
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la;a;] 11 + [ayaz] T, + [ayaz] 13 +[a;l] = 0

[ajas] 11 + [azaz]lty + [azasz] 13 +[apl] = 0
l[a;as]l Ty + lazas] 1 + lazas] 13 +[azl] = 0
3)

Solving a system consisting of this normal equation is done in Microsoft

Excel using the Kramer method as shown in Figure 8[2].

- = matitsa
fnasWan  Boaexa  Paswena cpammus  Oopmyne  [lase
D30 J | matritsani ishlash
A B c D E F
33 4 3 2 1
34 3 6 4 2
35 2 4 6 3
36 1 2 3 4 125
38
39 -15 3 2 1
40 10 6 4 2
41 -20 4 [ 3
42 -10 2 3 4 -1000
44
45 4 15 2 1
46 3 10 4 2
47 2 20 [ 3
48 1 -10 3 4 1375
50
a1 4 3 -13 1
52 3 6 10 2
53 2 4 -20 3
54 1 2 -10 4 -1000
56
a7 4 3 2 -15
58 3 6 4 10
59 2 4 [ -20
60 1 2 3 -10 0
61
62 -8
M4 » M Jinctl ICT. CT o
Torc
Figure 8.

7. Calculation of corrections to the measured results:

Vi for the measured angle value is found from the spreadsheet in Figure 6
according to the formula and the construction of this table is completed (Figure
9)[9]. Equality (1) and (4) are also checked.
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\Z‘ H 9 - = matritsa [PexM COEMeCTMMOCTH] - Microsoft Excel (CGoif akTHEaLMM NpoayKTa) =

aiin rnaEHaA BeTaEka PazneTka CTRaHHLEl Dopmynsl faHHEIE PeLEHINPOEaHIE Bua 5@ - @ =
B Arial cyr S0 - AW = OGwuil - / gy, 5°oceem - E
= Ba - ' non = “ ﬂ %\2 2 o - & - #
e X £ w e 2A B s, S | e - | .- R
Bydep omena LWpugT Bhipas Yo Crwn Aueiik PepaxTuposaie
K6 - Fel1 v
E F G H J ] K [ L [ wm [ N T o P Q i
3
4
5
6 Q’Ilchangan burchak Burchak nomi Tenglama 1a -8
7 38:00:01 AOB a 2b "
8 42:00:01 BOC b 3c -8
9 44:00:01 coD [4 4d 0|
10 33:00:01 DOE d 5 a+b-0:00:20 -17
11 80:00:22 AOC at+b 6 b+c-0:00:10 -7
12 86:00:12 BOD b+c 7 ¢+d+0:00:10 2
13 76:59:52 COE c+d 8 a+b+c+0:00:20 15
14 123:59:43 AOD atb+c 9 b+c+d-0:00:15 -12
15 119:00:18 BOE b+c+d 10 a+b+c+d+0:00:15 10|
16 156:59:49 AOQE a+b+c+d
17
18 0:39:46 0:43:58 1:23:44  1:23:44 0:00:00 0:00:20
19 0:43:58 0:46:03 1:30:01  1:30:01 0:00:00 0:00:10
20 0:46:03 0:34:32 1:20:36 1:20:35 0:00:00 0:00:10
21 0:39:46 0:43:58 0:46:03 2:09:47 2:09:47 0:00:00 0:00:20
22 0:43:58 0:46:03 0:34:32  2:04:33 2:04:34 0:00:00 0:00:15
23 0:39:46 0:43:58 0:46:03 0:34:32 2:44:20 2:4419 0:00:00 0:00:15 -
4> M nnerl Tuer2 uer3 53 4] |
roroeo | Cpeavee: 2,05 Konuuecree: 30 Cymma: 41 |@@ 100% "'7\ [} "-'!;W

Figure 9.

9. Calculation the equivalent value of the unknowns (parameters).

Hence, in this example, the measured quantities are selected as
parameters, and it is appropriate to perform the considered calculations together
with the calculations of the next stage.

10. Calculating the equivalent value of the measured quantities.

The correction is the equalized value of the angles in Figure 10 using Vi .

11. Final check of equation[9].

It consists of recalculating the equalized value of the angle according to
the dependence of equations (2) .

The test calculations are given in Figure 10.
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IE‘ (=] ‘ = matritsa [Pexam comecTamocti] - Microsoft Excel (CBoi akTuealnn npoaykra)

m [naeHan Bcraeka PazmeTka CTpaHkubl Dopmynbl JahHble PevenzupoBaHne Bug o e '
= & arial € . - o= _[Z] = 4 2 7 Sebasmmer X -
Arial Cyr S0 Ay === @ 5 (Bce dopmarsi) . L 7 |
J Ea - - ij ﬁjﬂ _‘d &% Yganums - ﬂ - N Ea
BcTaeuTe X K U- - &d-A- EE=E EE H- B. vy <0 g0 YcnoeHoe DopMatipoeate CTUM | .. . CopTupoeka  Haiith 1
B - - - . 2 9 i $OpMATHDOBAHIE ™ KaK TaBaully ™ AdeeK ¥ Eoopuar - 2 -7 GUALTD ¥ BLEANTL ¥
Bydep obmena fx Wpugt ] BuipaeHuBaHie ] Yucna ] Crunm Aueriku PepakTHpoBaHue
K19 - | =119-119
| J K L M N 0 P Q R S T u
36
37 180  0:41:06 39:16:18 0:00:08 3,14 180  0:00:00 0:00:08 0:41:06 39:16:10
38 180  0:43.58 42:00:01 0:00:11 3,14 180 0:00:00 0:00:11 0:43:57 41:59:50
39 180 0:46:03 44:00:01 0:00:08 314 180 0:00:00  0:00:08 0:46:03 43:59:53
40 180 0:34:32 33.00:01 0:00:00 314 180 0:00:00  0:00:00 0:34:32 33.00:.01
41 180  1:23:44 80:00:22 0:00:17 3,14 180 0:00:00 0:00:17 1:23:44 80:00:05
42 180  1:3001 86:00:12 0:00:07 3,14 180 0:00:00 0:00:07 1:30:01 86:00:05
43 180 1:20:35 76:53:52 0:00:02 3,14 180 0:00:00 0:00:02 1:20:35 76:59:50
44 180 2:09:47  123:50:43 0:00:15 314 180 0:00:00 0:00:15 2:09:47 123:59:28
45 180 2:04:34  119:00:18 0:00:12 3.14 180 0:00:00 0:00:12 2:04:33 119:00:06
46 180  2:4419  156:53:49 0:00:10 3,14 180  0:00:00 0:00:10 2:44:19 156:59:39
47

Figure 10.

12. Accuracy assessment.
1. The mean square error of the directly measured results and the mean

square of the “error of error”

V7]
m= — @)

m
"o b ©

To use the above formula in Microsoft Excel, we need to do the work in
the order shown below. To do this, we need to enter formulas (7) and (8) into
Microsoft Excel. In formula (7) we enter the numbers under the root in the

spreadsheet of the program (Figure 11).
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H ©- = matritsa [Pexm cosmectimocru] - Excel
CYUTIM  (NABHAA  BCTABKA  PAIMETKA CTPAHMUBL  GOPMYMEl  JAHHHE  PELEHSWPOBAHVME  BMA

fx > Astocymm ne - CCbinkY U MaCCUB = r:\; I Mpucsouts uma
& nocn =
Beraeute Huenetuep
yHKUMIO 1B aua wen £ Co3
Onpege
H20 - £ || =CYMM(H10:H19)
A B c D E F G H 1 J K L M
1
2
3
4
5
]
7
]
9 a b c d | s v VY
10 1 0 0 0 0 1 -8 64
11 0 1 0 0 0 1 " 121
12 0 0 1 0 0 1 -8 64
13 0 0 0 1 0 1 0 0
14 1 1 0 0 -20 -18 7 289
15 0 1 1 0 -10 -8 7 49
16 0 0 1 1 10 12 2 4
17 1 1 1 0 20 23 15 225
18 0 1 1 1 15 12 12 144
19 1 1 1 1 18 19 10 100
20| 4 6" 6" 47 0 20 14 1060 2 10 4]
21 12
22 3464102
23 13.2916
2 3,836955
2

Then we go to the command line "FORMULAS" from the command line of the

program and click on the command "ROOT" from the menu "Mathematical™ in

the submenu "Library of functions" and type 1060 / (10-4) in the window

“Number ” and click on the button , and the result will appear on the

screen (Figure 12).

-

AprymenTsl dyHKLMKA

KOPEHB

5{[
n

Ywono | 1060/10-4)

Bo3BpallaeT SHAYEHWE KEAAPATHOMD KOPHA.

3HadeHwWe: 13,29160136

Cnpaska No 3T0A GyHELMK

176,6600667

1329160136

Yucono 4Woio, 4nA KOTOPOro BRYWCIASTCA KEAAPATHEIN KOpEeHb.

OK ] ’ OTMEHE

Figure 12.

After doing the above, we determine the values according to formula (8),

again enter cell 1-21 of the spreadsheet, create the formula = 120 * (J20-K20)

and press Enter (Figure 13)[9].
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H ©- B mmatritsa [Pesium cosmectumocru] - Excel
[V rABHAR  BCTABKA  PASMETKACTPAHMLG | ®OPMYAH  JAHHBIE  PELEH3WPOBAHVE  BIA

OnpegeneHHLIE MMeHa
121 - X v  F | =120%)20-K20)

A B c D E F ] H 1 J K L M
7
8
9 |a b c d 1 s v i
10 1 0 0 0 0 1 -8
" 0 1 0 0 0 1 "
12 0 0 1 0 0 1 -8
13 0 0 0 1 0 1 0
14 1 1 0 0 20 18 7
15 0 1 1 0 10 -8 7
16 0 0 1 1 10 12 2
17 1 1 1 0 20 23 15
18 0 1 1 1 45 42 -12
19 1 1 1 1 15 19 10 1 1
20 4 (34 (34 4 0 20 14 10, 41 176,6667
2
22
23 132916
24 " #IENO!

Figure 13.

Then we go to cell 1-22, click "=", enter the command "FORMULAS"
from the command line and click on the command "BASIC" from the submenu
"Library of functions" from the menu "Mathematical" and the additional

"Arguments function™ In the "Number" window of the window, type the 1-21

cell icon and press the button, and the result is displayed on the

screen (Figure 14).

P N
AprymenTal dyHKLMK I. 2 &]
KOPEHB
Yucno |21 FRz| = 12
= 3464101615

Bo3EpalasT 3HaYeHWE KE3JPaTHOT D KOPHA.

Yuwcno 4woio, 41 KOTOPOro EEYWCIAETCA KEAAPATHEIR KOPEHE.

3HadeHne: 3464101615

CNpaBKa No 310 dyYHELMK [ oK ] [ CJTMeHa

Figure 14.

Then we go to cell 1-24, create the formula "= L23 / 122" and get the final
result (Figure 15).
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Hd 9- s rmatritsa [Peskim cosmecTamocty] - Excel
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Figure 15.

In short, Microsoft Excel spreadsheet is a ready-made program that not
only solves economic and financial problems, but also helps to solve complex
calculations in the field of geodesy.

Thus, Microsoft Excel has the ability to solve existing problems in the
discipline of "Theory of mathematical processing of geodetic measurements
(correlate equalization of the triangulation network and the assessment of
accuracy) and is a very useful program for solving complex problems in the

field of geodesy.
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