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CALCULATION OF OPTIMAL VALUES OF MEASURED LENGHTS
FOR ACCURATE DETERMINATION OF SMALL SEGMENTS

The paper considers a method of minimizing error when the linear values are determined by measured distances
and angles by device that is located not directly ahead of determined intervals. The formula is given for choosing the
optimal distance and angles to determined objects. The optimal distances and angles are depended on the defined
linear segments and the accuracy of the measured distances and angles to determined objects. As can be seen from the
analysis of the determination of the formulas accuracy of determined segments are several times (from 5 to 25 times)
higher than the precision of measurements, which define these segments. The graphs of accuracy of defined segments
by the accuracy of the measured distances and angles are also given. The proposed method can be used to calculate
the accuracy of the previous determination of small segments when using the devices for measuring linear and
angular values of specified accuracy. Measurement of small segments with high accuracy requires special instruments
or devices. For example, to determine the length of the meter and decimeter ranges of leveling rods, that are used in
II, III and IV leveling classes, one need to have control meter or special comparator. Using the proposed method it is
possible to compare above mentioned rods using electronic total stations. The proposed method can also measure the
phase section of exemplary basis, create a reference base for angular measurements, installing equipment in project
position, observe deformations of buildings and equipment as well as numerous other engineering tasks.

Introduction Purpose

Measurement of small segments with high
accuracy [Antonyuk V, 2006; Instructions for leveling
I, II, IIT and IY classes, 1990; Tchebotarev A, 1962;
Reference for surveyor, 1966; Geodetic encyclopedic
dictionaty, 2001] requires special equipment or
accessories. For example, to determine the length of
one meter leveling rods [Instructions for leveling I, II,
II and IV classes, 1990] should have control meter,
which must certify in Kharkiv Meteorological
Institute. Measurement of the phase measure of
reference basis requires special equipment [Kupko V.,
Prokopov O., Lukin I, Sobol' V., Kosenko O.,
Kofman, 2004; Trevoho LS., Savchuk S.H, Denysov
O.M. Volchko P.1, 2004].

We propose a method that allows calculating
the accuracy of surveying instruments, such as
electronic total station that should be used for
specific desired precision of determination of
length of small intervals [Fys M.,Litynskyy V.,
Pokotylo I., Lityns'kyy S].

We perform the calculation of accuracy of the
lengths of small segments [Tchebotarev A.S.,
Selyhanjvich V.G., Sokolov M.N.; Reference for
surveyor, 1966] depending on the length of the
measured lines on which these segments are
calculated and the accuracy of measurement of
lines and angles [Plotnykov V.S., 1987]. Let us
consider Fig. 1.

0

Fig. 1. Scheme for determination of the length
of the segment c
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Find the best length of segments a and b for the
mean square error of determining the length of the
segment ¢ to be minimal.

Length of the segment c is given by.

Denote by m,, m,, (if a=b, then this error will be
denoted as m,;) and m, mean square error of values
of a, b and y. Find the mean square error of the
segment ¢ as a function of @, b and y. Obtaining

c(a,b,y)= \/a2 +b% —2abcosy . (1) formula for m, in an explicit form [2]
m (a,b,y) = %\/(b —acosy)’ mi +(a—bcosy)* mﬁ +a’b*sin’ 7/m5 . 2)
Let’s plot formula (2) for fixed values of m,, m, For formula (3) error is as follows:
and m, for a certain length. 2V 9 2 2V s
From Figure 2 one can see that minimum of m, m,(l,y) = \/ 4sin 5 +17 cos My ®)
is achieved whena =5. Let’s denote these values by m
one letter /. where m, = @’ pecause the length of / is

For equal sides of a triangle formulas (1, 2) can
be significantly simplified:

c(l,a)=I> +1*> =21 cos y :2lsing. 3)

Thus, the error of side ¢ is calculated with the
following formula:

m(L.y) = m (@) D] +ni @l )07 - (4)

0

NG

actually measured twice.

To find the minimum [Bertsekas, Dimitri P.,
1999; Vapnyarskii, I.B., 2001; Lemaréchal, Claude,
2001] of (5) by condition (3) one can construct the
Lagrange function [2]

F(lya)=m,(Ly)+ ﬂ(c‘”%] NG
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Fig. 2. The dependence of the mean square error of determination of the length ¢ = 5 m (by length of a and b )
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Table 1
The dependence of the mean square error m_ from length of / for

_ _gn —_ _ "
My, =2mm and m,=5", m,, =lmm and m =2

c,m The dependence of the mean square error from the length of /, m Optimal / and m,
me
00012 y
00010
For m,,, =2mm and m ,=5"
0.0008
o1 [ =2,41m, m, =0,08 mm
. 0.0006
For m,;, =1mm and m ,=2"
[ =2,69m, m, =0,04 mm
me
00012 -
00010 -
i For m,,, =2mm and m ,=5"
0.0008
L0 I [ =7,63m, m, =026 mm
. 00006
i For m,,, =1 mm and m ,=2"
00004 |- -
I ! =8,53m, m, =0,12 mm
00002 |
0
m,
00012 -
00 For m,;, =2mm and m ,=5"
‘o 0.0008 [ =13,22m, m, =0,45mm
. 00006 - For m,,, =1mm and m ,=2"
00004 - 1 =14,79 m, m, = 0,20mm
00002 -
0
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Let’s find the extremum (6) for all variables

oF(l,y,2)
ol

OF(l,y,4) _

oy -
oy, 4) =c—-2lsiny

o4 —0

2
cm cm
/= o alb , 7
& e ()

All angular values are in radians.

=lcoszsz —isinzzo
2

sin%(4mi —Pm2)=Al=0

Hence

Results

Let’s give a table and graphs from which one
can get the optimal length of side / (formula (7))
and the mean square error (formula (5)), depending
on the length of the side.

The derived formulas show how having defined
precision of angular measurements [Plotnykov
V.S., 1987] to determine the optimal length of
the required
accuracy of definable intervals. The accuracy of the
desired segments may be significantly greater than

linear measurements to obtain

the accuracy of linear measurements.

Conclusion 1

Lengths of the sides should be equal for
determining the length of the segment with the
minimum mean square error.

Conclusion 2

When measuring certain lengths ¢ one should
perform measurements with shoulder length accor-
ding to formula (7) to obtain the best accuracy.
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PO3PAXYHOK OIITUMAJIBHUX 3HAUYEHb BUMIPFOBAHUX BIJIJIAJIEA
JJIS1 TOYHOI'O BUSHAYEHHS JJOBXXKWH HEBEJIMKUX BIJIPI3KIB

PosrnsitHyTo Meron MiHiMmizalii MOXMOKM IiJi 4ac TMOCEpEJHbOTO0 BHU3HAUEHHS JIIHIHHUX BIApI3KiB 3a
BUMIPSHUMH JIIHISIMU 1 KyTaMd MPHUJIAJIOM, IO PO3TALIOBaHUI HE y CTBOPI BU3HAUyBaHOTO BiJpi3ka. BueaeHo
(dopMyry BHOOpY ONTHMAaIbHHUX Bifmaned i KyTiB BiJ mpuiagy IO KiHIIB BU3HAYYBAHOTO BiApi3Ka 3aJIe)KHO Bix
BENTMYMHA IIyKaHUX JiHIMHUX Bipi3KiB Ta TOYHOCTI BUMIPIOBAHMX JIiHIN 1 KyTiB. SIK 6aunMo i3 aHAJi3y TOYHOCTI
(hopMyII, TOYHICTh IIYKAaHWX BIAPI3KIB € B I’STh — ABAAIATH ITSTh pa3iB, 3aJIE)KHO BiJ TOYHOCTI BUMIPIOBaHUX
KYTIiB Ta BETMYMHU OTYKAHOTO BiJIpi3Ka, OiIBIIOI0, HI’K TOYHICTh BUMIPIOBaHUX BilJasieil, 3a SKUMH BU3HAYAIOTH ITi
Bimpizku. IlogaHo rpadikd, 3a IOMOMOTOI SKHX, 3alle)KHO BiJl BENWYMH ITyKAHUX BIAPI3KIB Ta TOYHOCTI
BHUMIPIOBaHMX Bifjanel 1 KyTiB, MOXKHA 0e3MOCepeHbO 3HANUTH TOYHICTH HIYKAHOTO Bijpi3ka. 3armpornoHOBaHUH
CHoci0 MOXHa BHKOPHCTOBYBATH ISl NIONIEPEIHBOTO PO3PaxyHKY TOYHOCTI BU3HAYEHb HEBEJIMKUX BIAPI3KIB Mix
Yac BUKOPUCTAHHS NMPWIAAIB JUIsi BUMIPIOBaHHA JIHIHHUX Ta KYTOBHX BEJIMYMH 33JaHOI TOUHOCTI. BumiproBaHHs
HEBEJIMKUX BIJPI3KiB 3 BEJIMKOI TOYHICTIO BHMAara€ CHCIialbHUX NpWIadiB 49d Opwiaansd. Hampukmam, mis
BU3HAYCHHS IOBXHWH JIEIMMETPOBUX Ta METPOBHUX IHTEPBAIIIB HIBENIPHUX PEHOK, siki BUKopucToBytoTh y I, 1111 IV
KJlacaX HiIBEJIOBAaHHS, HEOOXiMHO MaTH KOHTPOJNBHHHA MeTp abo cremialbHHi KoMmapatop. BukopucTtoByioun
3aIIPOIIOHOBAaHY METOAUKY, MOXKHA KOMITapyBaTH BHIIEHAa3BaHI PEHKH, BUKOPUCTOBYIOUH SJICKTPOHHI TaXEOMETPH.
[uMm crtocoOoM MOKHA TaKOXK BUMIiprOBaTH (a3oBy TUISHKY B3ipIeBOro 0as3mcy, CTBOPIOBATH €TANOHHI 0a3UCH s
KYTOBHX BUMIpIOBaHb, YCTAHOBIIOBAaTH YCTATKYBaHHS Yy MPOEKTHE IOJIOKCHHS, CIIOCTEpiraTté 3a nedopMamisMu
CIIOPYA Ta YCTaTKyBaHHS, @ TAKOX IS iHITMX 0AaraTOUNCIIEHHUX 1H)KEHEpHHX 3a/1ad.

Kniouosi crosa: po3paxyHOK TOYHOCTI BH3HAUCHb BiAPI3KiB; BHMIPIOBAaHHS Bi/PI3KiB; B3ipleBHH Oa3wuc;
KOMITapyBaHHs PEHOK; CIIOCTEpEXEHHS 3a JedopMaitisiMu.
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PACYET OIITUMAJIbHBIX 3HAYEHUI U3MEPSIEMBIX PACCTOSIHUIA
JUI OITPEJIEJIEHMA TOYHOCTU JJIMH HEBOJIBIINX OTPE3KOB

PaCCMOTpeH MCETOA MHUHHMHU3ALUK IMOTrpeIIHOCTU HNpPU KOCBCHHOM ONPCACICHUUN JIMHEHHBIX OTPE3KOB 110
U3MCPCHHBIM JIMHUAM W YyIJaM HpI/I60pOM, PacCioJIoKE€HHBIM HE B CTBOPEC OHNPCACIACMOro OTpPE3Ka. BBIBGHCHa
q)opMyna Bm60pa OIITUMAJIBHBIX paCCTOHHI/Iﬁ n YIJoB OT npn60pa J0 KOHIIOB OHpeaAcIsieMoro OTpeE3Ka B
3aBUCUMOCTHU OT BCJIMYUHBI HCKOMBIX OTPE3KOB U TOYHOCTU U3MEPSACMBIX JIMHUHA U YTJIOB. Kak BUJHO U3 aHaJIn3a
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TOYHOCTH (OPMYJ, TOUHOCTh HMCKOMBIX OTPE3KOB B IISATH — JBajAlATh ISITh pa3, B 3aBUCHMOCTH OT TOYHOCTH
M3MEPSEMBIX YTJIOB M BEJIMUYNH UCKOMOTO OTpe3Ka, OOJIbIIE, YeM TOYHOCTh U3MEPSEMBIX PACCTOSHHUM, IO KOTOPBIM
onpenensorT 3T oTpe3ku. [lomaHo rpaduku, Ha KOTOPBIX, B 3aBUCHMOCTH OT BEJIMYUH HCKOMBIX OTPE3KOB M
TOYHOCTH HU3MCPIACMbBIX paCCTOHHMﬂ, " YJOB, MOXHO HCMOCPEACTBCHHO IMOJYYUTHh TOYHOCTH MCKOMOI'O OTpE3Ka.
IIpennaraemslil crIoco®0 MOXKHO HMCIOJIB30BaTh A8 IpeApacdyeTa TOYHOCTH OIpEeAeNeHHH HeOONbIINX OTPEe3KOB,
Korga MCIOJIB3YIOT HpI/I60pI)I IJI1 U3MEPECHUA JIMHCHHBIX H YTJIOBBIX BCIIMYWH SaIIaHHOﬁ TOYHOCTH. I/ISMepeHI/Ie
HEOOJBIINX OTPE3KOB C OONBIION TOYHOCTHIO TpeOyeT CIEIUaIbHBIX MPUOOPOB M mpucnocobiennii. Hanpumep,
JUISL ONIPEAEIICHUS JUIMH JEUMMETPOBBIX M METPOBBIX MHTEPBAJIOB HUBEJIHUPHBIX peek, ucnoiabzyeMsix B I, III u IV
KjlaccaX HHMBEIMPOBAHUS HYXKHO HMETh KOHTPOJIBHBIH METp WM CIEHHalbHBIM Kommaparop. Mcmomnssys
IpeiaraeéMyo METOIUKY MOYKHO KOMITAapHPOBATh BBINIEYKa3aHHBIE PEHKHU, UCIIONIB3YS JJIEKTPOHHBIE TAXEOMETPHI.
[TpenyaraemsiM cIIOCOOOM MOKHO TaKKe M3MepATh (Pa3oBBIH y4acTOK 3TaJOHHOTO 0a3uca, co3JaBaTh ATAJTOHHBIE
0a3uchl JUIs YIJIOBBIX HM3MEPEHHH, YCTaHaBIMBAaTh OOOPYIOBaHHE B IPOCKTHOE IIOJIOKEHHE, HaOJronaTh 3a
JepopMalusIMH COOPYKEHUH U 000pYAOBaHHUSL, @ TAKXKE JUISL IPYTUX MHOTOUYHCIICHHBIX HHXEHEPHBIX 3a/1a4.

Kniouesvie crosa: pacueT TOYHOCTH OIPEAENEHUH OTPE3KOB; H3MEPEHHs OTPE3KOB; 0O0pasloBbIl Oa3suc;
KOMIIapUPOBAHUsI PEJIbCOB; HAOMIOACHUS 3a iehOpMaIHIMHU.

Haniitnuia 15.02.2014 p.



