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EVALUATING ACCURACY OF EACH ORSERVED DIRECTION AT
TRIANGULATION POINTS WHEN USING THE METHOD OF ROUNDS FOR
ANGULAR MEASUREMENTS
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ABSTRACT

il the recent lme. there was no formuia enabling to compule ihe mean ~quare
errors  tor each observed direcion for angular measurements 1 ist and 2nd order
tnanguiaton  {t s usnaily supposed that adjusted values ot these duecrions are equal to the
average vojue calcuiated from m rounds.

i djus paper, there was a deduction, of formula cnabling to compute the mean squarc
error for euch adjusted Jirection at the reterence poines. Tlus fommula is recommended for
the practical use,

INTRODUCTION

For angular meusurements in 15t and 2nd order tnangulation. there are used methods
cnablng o represent the results of measurements and thewr adjustment on sach reference
point as a senes of observed directions having the same weight [t is usually supposed
that adjusted values of these direcuons are  equal to average values calculated from m
rounds. have the same weight Py = m.
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This  assumption does not take into 2ccount different mmpacts of vanous faclors on

observed directions, such as changes in refraction. oscillations of signals. ete. That 1s why
ths formula  does not give sufficiently complete informanon on real weights of each
mdividually taken adjusted direction. An objective judgement on accuracy of each adjusted
dirccuon may be obtamned only on the basis of real results of measurements. For that, with
:he use of these results it is necessary to calcukate meun square errors for each observed
dirccion and  not  ther averaged value for all sighted dircctions. as it is usually bewng
Jdone w pracuce. This last remark cowdd be explamed by the fact thar unul recent time there
was no formule enabling to compute these errors. In 1989 there was proposed one of
such formulas [2] but wathout its deduction. nor theoreucal substanuanon. That s why it
seemns to be expedient to fill n this 2ap.

DEDUCTION OF FORMULA ENABLIMG TO COMPUTE MEAN SQUARE
ERRORS OF ADJUSTED DIRECTIONS OBSERVED AT REFERENCE POINTS:

In thus paper for the first tune o geodetic publicatwns, there will be @ven a
deduction of tormula enabling io compute mean square error: tor each adjusted direction
observed at the reference poinis.

[et ns  suppose that there are n directions to be sighted ut a reference point having
aumbers j=1.2.5 ...n and that they were observed in a single group ¢ without dividing them
m oupsy by m rounds. In each round directions zre reduced 0 the  uual (Srst
Jwrection. Designating by (11} the angles measared in1-th round. computed irom wutiai
direction. and by [1.)] ther adiusted values. calculated us:

[].j ]: x5

A
W

d.j - (1

[hen. the resuits of observations and ther adjustment o acontrol poine could be
represented as i senes of directions. their values being given in the following table:

Table (1):
Duection No.j | Adusted value | Error M;
1 000 00, 00 My
2 f1.2] M2
3 | [13] M3
4 ! (14] My
i [1.n] Mn
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It is known that il a resuit of adjustment of angular measurements carmied out at a
conteol pownt 1s represented as 2 senes of durections observed (as it 1¢ hown mn Table 1,
then the wmverse weight of an ungle 1, calculued as difference of readings done for
direcuons | and j, can be found as follows [1}:

_I_--_-lrl lz)
i1 P Py

ot, what 1s the same. by means of:
Ql=Qi~Q &)
where Q; and Q) are the inverse weights of durections. formung angle .1

The directions sighted & a centrol pownt (see Table 1) could be grouped to form all possible
angle combnations:

i.2 i3 id . I.n
23 24 2n
34 L 3n (4
n-ln

The number of measured wngles r {415 cqual (o the number of cenbinutions of 7 5y 2. e
ngn—1) Z
aho bt (33

Using (3) for adjusted angles of the first row (4) we could write the following:
Q2=+ Q
Q1.3=Q1+ Q3
Q14=QIm Q4

Qia=Q+Qn
for angles of the second row:

r=cl=

(&)

Q3=+ Q3
Qa24=Q2+ Q4
(B)
Qon=Q2+Qy;
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for angles of the thurd row:

Q3.4 =Q3+Q4.

Qs=QW+Qs5

Q3n=Q3+Qn.
In similar way one can oblan corresponding equations for wll other ungles (4).
Let us find the inverse weight of the first adjusted Jdirecuon. Summing up first two
equations ot the group (A) term by term. and subtracting the first expression of the group
8 from this sum. we obtan:

Q.2+ Q153-Q23=2Qy,
fronu that the Grst value of wiverse weight is found as,
Qb= ELWLJ. “Qy3-Qas)

Summing up the lirst and tned espressions of the gtoup A and subtriciing, the second
one of the eroup (B from the resuit. we could find the second value of the inverse weight:

Q§3)=

[

(Qra=Qpq-Qay)

Using o sunilar  upproach for inverse weights of other angles, indicated m the first and
wecond rows of {4), we obtain the following expressions for inverse weight of the first
direction.

R 3 =

34QL2* Qs Qosh

Q%= 10y 2+ Q) s~ Qa5)

Qii] = %(QLE *QLn~Q2n)
Then. summung up the second expression in group (A) with cach of subsequent equations
and subtracling corresponding equativns of the group i C) from results obtaned, we could
wrile that:
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Qf P = (g 3-0y5-03.9

e rmsrrmane sesmrazasn

Q? K- "}'{“’l 37QLp - Qs)

in stmilar way. al the other equations of iA) and the groups followwng ihe group (7
enable 10 obtamn -E-{n'-—l){n -2y values of inverse weights 0%” for the first adjusted
direction. where n ¢ the number of rays sghted, The final value of verse weight of the
first adjusted direction 1s equal to the mean of all computed values Q;'l winch could be
found bv means of following generalized foomula:

Ww-DZQ; - Ik
{n D(n-2)

W - (0)

where . k = 1,

The first element in the aommatoc 1s celdted to those angles of i 4) which are connecied with
the direction number one. 1e. to the angles 1 1. the second element i« retated to other angies
of the group (4), whuch are not connected with the first direction. 1.e. to angles 1.k,

Then. iaking the :xpressions of the group (B) as a basis and perfornung sinular
manipulations. we find inverse weight ol the second adjusied direcuon:

_(n-2TQy 1-ZQ5k :
Q=D X

where i k = 2.

[he nverse weight Q3 of the third adjusted direction
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L m=2203,-3Q ¢
Eh (a-{n-2) ’ @)

where 1 k = 3. and then the same could be done for the fourth and other direcuons.
“xpressions (6) - {3) show that the wnverse weight of any adjusted direction is computed by
means of the same rule. In order to compute the inverse weight of the durecuon wmber ),
one should divide all the angles (43 into two sub-groups. One of them should include the
meles 1.1 which contamed the directiony to be evaluated. the second one =hould inciude
di the other angles Lk whici do nol contain the direction j.

“hen the formula for the computing of any adjusted (averaged fom m rounds) value of
-Ldirectton j cowld be wntten as tollows:

(-2ZQ; ) -ZQk
fo=4)(n =23

Q= (9)

ot us determune  now the inverse weight (1 & of 2l the angiex 41 {he adjusted value or
nyangle {1 k] measured by rounds inethod 1s computed i the mean value of m rounds:

m

(LK} = = S{i8)(I=K=12 ..n)
1

e
t

‘11 this case, the inverse weight Q g will be cqual to the squared RMSE My i of an anzle:
Ok = M g (10

vhuch is caloulated as tollows:

(an

where V1K = (LK) - [LK] is the difference berween the vaiue of the angle 1K obtawned m
4 round and the avernge value ol this angle obtaned from m rownds: m s the number of
rounds.

“ormula i 10) allowed for (1) transforms into:
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When using the method of rounds the values of udjusied direciions are equal to ther
average values calcwated [rom m rounds That s why the mverse weaigni Q) of adjusted
value of a direcuon is equai to its squared RMSE _\;j computed by means of the formuiz

(Ihoe:

U= M (13)
From thas
M= (14

Replacing () bv us vaiue (9) and ailowing for the foct that the mverse weighis Q1 1 and
1 voudd be deiermmed with the use of the tormuda 1250 we obima the timd formubs for
the compuung of RMSE tor cach adjusted durecuion:

dn=NTyl sy
n ).—VJ-I ...vl‘k

M awm-Da-De-D

as

where | is the number of 4 direction:
Vir =131l v - | 3§ and Vix =c1k-| ok |are the devintions of angles measured 1n
rounds trom thew mean values:
m 15 the number of rounds.

The sumumung up of deviations Vj)and V; 1s perfonned foc all the rounds taken
loguther.

{n Tables 2 :nd 3, there s wiven an example of computation of mean square errors
Mj tor all the directions observed ar the second order tnangulauon point.




C. 25 ZAXI MOUAMMED ZEWAN.

68°TF 6o b2 Nak $9'62 $1LT 3912 FAY)
00k w800 W01 0= at00- W00 «90°04 AL Wor jonQuor)
|
0G| T IT W2E§E #00000000
__ =lfif  sSezay
|2
tro- 15T a1z ott- | 9 m Wi- |, T | 80t | pow 0000 00 o0 o
9F I+ 9¢ 1 €704 FICL o ToS | o | ¢ | o | 6T L0000 00 o0 1
rEo- k9 l- of 1- IS0 | 66 ' SE14 | ST | 8T | Sek L0000 00 o0 ol
9¢ 1+ IFo- 003" roes | 261 | 60 | £ | %014+ | roF X00°00 00 o0 G
9g 0+ - 06'1- oRg- | T8r | I~ | O0fT | g004 [ o9 L0000 00 o0 8
9901 9011 01 04 1E0L | F6F L IV0- | 6T | TL0 | 9FF L0000 .00 o0 L
2801 or 0+ oro- 980 | T8r ; Ter- | sz | ozer | oke 0000 00 40 9
re - 9T 0 0L 1t SELTE | 80§ L By £LT e Lor W'Y 00 o0 s
tLE- 180 0621 o1'g- | 6sk | ssor | grr | 2t | ogr 0000 00 o I
98 i 90'Z ¢ 08 0 ro'te | o5 | z8- | Iz | To- | g WMHO00 00 o0 €
ro 0 06 1t 00 TH e | sts isrze | o | stor | sev 000 00 o0 z
gt nths 0 WU e | w980 ] WTed | azlos | W'pT | WTEL | W01F | 400000 00 o0 1
B (P TTR  S WRTPC T DT W RS
EA-F Lo | THAFTA | TIAETA il - T T T ]
A =bTy =0T, 1 g1 ol 1o1IANP 1NN i [noy

PUZ M) I SPUNOL SO spoga

guiod uerpnduen aapao
[ PALISHO ST JO toninpr s LHeimaae pue juswsnlpy 1z aqe,




Mansoura Engmeering Jownad, (MET), Vol 21, No. 1. December 1996, .26

Table 3:
Direction No. | | Adiusted vaiue of ! [v'j'l] Colvid M
observed i T ' !
direction [ i
I . | t
! L oo o0 00m00 | 7SSt | $9.03 | 0.2
p i 63 15 4532 1 7782 8972 . 029
3 , 109 47 24.22 | 9152 | 7602 : 057"
4 P 186 34 49.06 1 8723 8031 | 0.34"
CONCLUSIONS

Formuwia (131 deduced wn this paper 1 strret and could be recommended for pracacal
use I order w venfy this formulas numencally, et s compute twice the average vaive of
RAMSE My tor all abserved direcuons taken together. According 1o the data of Table 3 we
have:

e —
-~

e o -
NN ii_i _ D427 g sogm {16)
MN*=Y vV 1 ’ d

Using well known formulas [2]. we also could find thas value:

iSivi)-SVLE T RV

ma(m— ia=1) =vmn(m-l)iu-l'i" an

MN=4

According to the data of Table 2. we have '[V"] = 167 34 Talkung into accourn

that m =12, n = 4., the following results 15 obtained wath the use of the second expression of
(lon

MN = \:'-%-’E‘Ei =0 325",

As one could sce, these values oblained by means of totally dufferent formulas, are the
same. thus confirming the reliability of the fonmula (13) Jeduced in this paper.
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