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Abstract: Small hand-held GPS-devices are more
and more in use these days. A need for their accura-
cy and precision testing arises. Precision of meas-
urements with the small hand-held GPS-device GPS-
MAP 76CS is described in this paper. Also, the corre-
lation between reading "accuracy” during survey and
deviations of individual measurements from their av-
erage value has been explored. The importance of
the research is in the fact that according to our knowl-
edge, there are not any explanations or definitions of
"accuracy" shown on the screen of GPSMAP 76CS
or similar devices in available references.
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1 Introduction

We have used the small portable GPS device GPS-
MAP 76CS (Fig. 1) for several years. It has two basic
functions: positioning and navigation. We described this
device in detail, its possibilities and characteristics in a
recent paper (Zupan, Lapaine, 2008). In this paper, the
testing of precision of positioning by using this device

was described in detail.

2 Survey Description

A survey was designed and conducted with the aim
of testing the precision by a multiple survey of coordi-
nates of the same point, and with the same device GPS-

MAP 76CS. Because of wider part of open horizon and
the assumption of better satellite signal receiving, we
selected a point, let it be the point T, at the corner of a
stone located on the school playground between the
buildings of the Faculty of Architecture, Geodesy and Civil
Engineering and the museum “Mimara” in Zagreb (Fig.
2). Coordinates were registered three times a day dur-
ing 11 days at approximately the same time, in the morn-
ing, midday and in the afternoon (Fig 3, Table 1).

Fig. 1. GPSMAP 76CS
Slika 1. GPSMAP 76CS
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SazZetak: Bududi da je u danasnje doba sve prisutnija
upotreba malih ruénih GPS-uredaja, pojavila se
potreba ispitivanja njihove preciznosti i tocnosti. U
ovome radu opisano je ispitivanje preciznosti mjerenja
malim ruénim GPS-uredajem GPSMAP 76CS. Osim
toga, istraZena je korelacija izmedu ocitanih vrijednosti
“to¢nosti" za vrijleme mjerenja i odstupanja pojedinih
mjerenja od njihove srednje vrijednosti. VazZnost
provedenih istraZivanje je u tome $to se u dostupnim
izvorima nigdje ne objasnjava ni definira pojam toc¢no-
sti koju takvi uredayji prikazuju na svojim ekranima za
vrijeme mjerenja.

Kljuéne rijeéi: rucni GPS, GPSMAP 76CS, preci-
znost, to¢nost

1. Uvod

Vec se nekoliko godina sluzimo malim mobilnim GPS-
uredajem GPSMAP 76CS (slika 1), kojemu su dvije
osnovne funkcije odredivanje koordinata to¢aka u
prostoru i navigacija. U jednom prethodnom radu detaljno
je opisan taj uredaj, njegove mogucnosti i karakteristike
(Zupan, Lapaine, 2006). U ovome je radu detaljno
opisano ispitivanje preciznosti koja se tim uredajem moze
postiéi pri odredivanju koordinata pojedinih to¢aka.

2. Opis mjerenja

Mijerenje je zami8ljeno i provedeno sa ciliem ispitivanja
preciznosti visestrukim mjerenjem koordinata jedne te

iste tocke, istim uredajem GPSMAP 76CS. Zbog veceg
dijela otvorenog horizonta i pretpostavke boljeg prijema
signala sa satelita izabrana je tocka, nazovimo je T, pri
zavrSetku rubnog kamena koji se nalazi na Skolskom
igralidtu smjestenom izmedu zgrade AGG fakulteta i
muzeja ,Mimare* u Zagrebu (slika 2). Registriranje
koordinata to¢aka obavljeno je tri puta dnevno tijekom
11 dana u priblizno isto vrijeme, odnosno ujutro, u podne
i navecer (slika 3, tablica 1).

Prije registriranja poloZaja tocke uredaj je ostavljen
na tocki nekoliko minuta u stanju mirovanja, zbog poc¢etne
inicijalizacije i vremena potrebnog za primanje signala
8to veceg broja satelita i veée preciznosti mjerenja.
Mijerenje je provedeno u razli€itim vremenskim uvjetima
(tablica 1).

GPS-uredajem odredene su koordinate ¢i A u susta-
vu WGS 84, pa potom transformirane u koordinate x i y
u Gauss-Krugerovoj projekciji (5. zona) na Besselovu
1841 elipsoidu. Transformacijski parametri navedeni su
u radu Zupana i Lapainea (20086).

U ovome radu, u nastavku, obradit ¢e se pitanje posti-
gnute horizontalne preciznosti, a pitanje to€nosti, kao i
odredivanja visina moglo bi biti predmetom nekog drugog
rada.

3. Obrada rezultata mjerenja

Oznagimo s X;, ¥4, X5, ¥4,.-, X5, ¥ , F€Zultate mjerenja
(koordinate), a s p,,p,, 5, Py, P, P, Njihove teZine.
Vrijednost “to¢nosti” m koju uredaj pokazuje za i-tu tocku
(3. stupac u tablici 1) odnosi se ravnopravno na obje
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Fig. 2. The corner of the stone on the school playground was selected as a measuring point.
Slika 2. Za tocku Cije se koordinate odreduju izabran je rubni kamen na Skolskom igralistu

Every time before registration of coordinates, the
device was left on the point for a couple of minutes in a
standstill position, because of initialization in the begin-
ning and the time needed for signal capturing from as
many satellites as possible and better precision of meas-
uring. Surveying was conducted in different weather con-
ditions (Table 1).

Latitudes and longitudes determined by using the
GPS device were registered in WGS 84. Then, they were
transformed into the Gauss-Kruger projection (5th zone)
based on the old Bessel 1841 ellipsoid. Transformation
parameters are given in our recent paper (Zupan, La-
paine 2006).

In this paper, hereafter, the question of horizontal pre-
cision will be elaborated, while the question of accuracy
and the determination of altitude could be subjects of
some future research.

Mo Pointer

Fig. 3. The distribution of recorded point coordinates
on the GPS screen

Slika 3. Raspored registriranih koordinata tocaka na
ekranu GPS-uredaja

3 Processing of Survey Results

Let we denote the results of the survey (coordinates)
with X, ¥, X5, Y5, X,,¥,, and their weights with
Py, P4, P2, Pys--s Py, P, The value of “accuracy” m. that
the device points out for the ith measurement (3rd col-
umn in Table 1) refers to both coordinates equally, wheth-
er they are geodetic or Cartesian in the plane of projec-
tion. Let us assume that weight p, can be determined
from these values m in the following way:

1T
P; =1 =1,...,n.
m;

In the sense of the theory of direct measurement
adjustment, we wish to determine the average or adjust-
ed values of coordinates x,y of the point T and to give
an appropriate precision estimation. We will apply the
least square method for this purpose. First of all, we de-
note residuals V,,v, .V, .V, ...V, ,V, . Now we can
write observation equations

Xy +V, =X
Yitv, =Y
X, +V, =X
Yatv,, =y
X, +V, =X
YotV =Y

We can see that there are 2n equations and two un-
known values x, ). For a better overview, we introduce
the matrix form of notation:

; .
V= [wa V, VoV, LV, Vyn] , vector of residuals
X

X = LJ vector of unknowns
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Table 1. Results of measurements with GPSMAP 76CS
Tablica 1. Rezultati mjerenja GPSMAP-om 76CS

Accuracy m Geographic coordinates Gauss-Kquer coord.
Num. of _ read from Geoarafske koordinate Gauss-Krpgerove
9
survey Date a.nd pme GP§ device WGS 84 koordinate
Br. Datum i vrijeme Tognost m (m)
mjerenja olitana sa

GPS uredaja ¢ ; y X
1 20.4.2006., 11:09:15 (sunny) (sungano) #4m 45° 48'497 | 15°57'888 | 5575360 | 5074229
2 20.4.2006., 15:15:23 (sunny) (sun¢ano) #6m 45° 48'500 | 15°57',890 | 5575363 | 5074234
3 20.4.2006., 20:38:32 (sunny) (sun¢ano) 5m 45°48'499 | 15°57'884 | 5575354 | 5074232
4 21.4.2006., 9:11:47 (sunny) (sunéano) 4 m 45°48'498 | 15°57'888 | 5575360 | 5074232
5 21.4.2006., 12:42:20 (cloudy) (obla¢no) #9m 45° 48'506 | 15°57',890 | 5575362 | 5074247
6 21.4.2006., 20:40:28 (sunny) (sungano) 8 m 45° 48' 503 | 15°57',887 | 5575358 | 5074240
7 22.4.2006. 9:58:27 (sunny) (suncano) 9 m 45° 48'497 | 15°57',890 | 5575362 | 5074230
8 22.4.2006., 12:50:07 (sunny) (sunéano) 9 m 45°48'499 | 15°57',892 | 5575364 | 5074233
9 22.4.2008., 17:53:56 (sunny) (sun¢ano) 6m 45°48'496 | 15° 57',886 | 5575357 | 5074227
10 25.4.2006., 9:13:23 (sunny) (sunéano) #6m 45°48'499 | 15°57',890 | 5575363 | 5074232
11 25.4.20086., 12:42:51 (sunny) (sunéano) +10m 45° 48'502 | 15°57',889 | 5575360 | 5074238
12 25.4.2008., 20:59:24 (sunny) (sunéano) 7 m 45° 48' 503 | 15°57',888 | 5575360 | 5074240
13 26.4.2006., 9:30:49 (sunny) (suncano) 8 m 45° 48' 497 | 15°57',890 | 5575362 | 5074229
14 26.4.2006., 13:06:54 (cloudy) (oblaéno) 8 m 45°48'499 | 15°57',891 | 5575364 | 5074232
15 26.4.2006., 20:21:53 (cloudy) (oblaéno) 8 m 45° 48'503 | 15°57',892 | 5575365 | 5074239
16 27.4.2006., 9:08:19 (rainy) (kiSovito) £7m 45° 48'500 | 15°57',887 | 5575358 | 5074235
17 27.4.2006., 12:26:58 (cloudy) (oblaéno) +10m 45° 48' 507 | 15°57',892 | 5575365 | 5074247
18 27.4.2006., 20:43:59 (cloudy) (oblaéno) +10m 45°48'498 | 15°57',890 | 5575362 | 5074231
19 28.4.2006., 8:47:45 (rainy) (kiSovito) +11m 45° 48' 498 | 15°57',893 | 5575365 | 5074230
20 28.4.2006., 13:00:14 (cloudy) (oblaéno) 8 m 45° 48' 507 | 15°57',880 | 5575349 | 5074247
21 28.4.2006., 16:54:48 (cloudy) (oblaéno) 4 m 45° 48'503 | 15° 57',887 | 5575358 | 5074240
22 2.5.2006., 10:02:01 (sunny) (sun€ano) 5m 45°48'499 | 15°57',889 | 5575361 | 5074232
23 2.5.2006., 12:57:19 (rainy) (kiSovito) 4 m 45° 48' 498 | 15°57',889 | 5575361 | 5074231
24 2.5.2006., 20:37:18 (rainy) (kiSovito) 9 m 45° 48503 | 15°57',875 | 5575342 | 5074240
25 3.5.2006., 9:40:58 (sunny) (sunéano) 8 m 45° 48'499 | 15°57',886 | 5575357 | 5074233
26 3.5.2006., 12:30:58 (sunny) (sun¢ano) 5m 45° 48' 502 | 15°57',888 | 5575359 | 5074237
27 3.5.2006., 20:45:04 (sunny) (suncano) 6m 45°48' 498 | 15°57',893 | 5575366 | 5074232
28 4.5.2006., 9:34:38 (sunny) (sun¢ano) 8 m 45° 48'496 | 15°57',885 | 5575356 | 5074228
29 4.5.2006., 14:29:07 (sunny) (sun¢ano) 5m 45°48'503 | 15°57',888 | 5575359 | 5074241
30 4.5.2006., 20:36:40 (sunny) (sun¢ano) 6 m 45°48'499 | 15°57'886 | 5575356 | 5074232
31 5.5.2006., 9:38:47 (sunny) (sun¢ano) 6 m 45°48'499 | 15°57'889 | 5575361 | 5074234
32 5.5.2006., 12:45:18 (sunny) (sunéano) +4m 45°48'500 | 15°57',888 | 5575359 | 5074235
33 5.5.2006., 18:14:50 (sunny) (sun€ano) t5m 45° 48'501 | 15°57',888 | 5575359 | 5074236

Average value: p= A= y= x=
Prosje¢na vrijednost: 45°48' 500 | 15°57',888 | 5575360, 5074235
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1 0]

1 0..
0 J . matrix of coefficients of

[10
1010 1.

observation equations

, vector of measure-

/=[X1 YiXa Yy e X, Yn]T

ment values

P = diag[p, p, p, P, ... p, P, ] Weight matrix

Now, the observation equations can be written in the
following form:

I +v=Ax,
and the condition
v'Pv = min
leads to normal equations
ATPAX=ATPI.

This is the system of two linear equations with two

unknowns
|: | :||:X:| |: iXi:|
D ZICI .y 2“l:i.}/l' Y

which is easy to solve. The solution is:
2:p/ i y 2piyi
Zpl Z“lol

In order to estimate accuracy, we need to determine
the standard error of an observation of weight 1

X =

(general arithmetic mean).

Zpi( v +vyl
2n 2

The cofactor matrix of unknowns is

L
Q, = (ATPA)" =| *Pi 1
3,
If we write
X
X =1 O]H
y
then
zi 0 1 1
Q, =[t 0] =P =
v [ ] 0 L |:Oj| Zpl
Zp;
and in a completely analogous way
1
QW = Z_pl .

According to that, we can write the following for the
standard deviation of unknowns (coordinates)

m
o - 0
mg =My, Qg =

And at the end, the standard deviations of measured
values (horizontal deviation of each measured coordi-
nates) are

B _ Iy
m,=m, = \/p_
1

The average value of average horizontal deviations
by coordinate can be expressed like this

i=1,.

_ Im, Im,
O = = —
n n

In a special case, with the assumption of p=1,
i=1,...,n, one can get:

mxi = myl = m0,1=1,...,n

Calculations based on the derived formulae were
performed by Excel with a maximum number of decimal
places and are shown in Table 2.

With an assumption that all measurements have the
same accuracy, namely p=1, i=1,...,n, we can get:

—:¥ L g5 ag 00 ,
Zi X
33

=15°57'888 ,

Zy‘ Zy’ =5575360 m,

‘<I

n 33
X= 2% - 2% =5074235 m.
n 33

Let us note that coordinates calculated by using the
simple arithmetic mean formula and the general arith-
metic mean (Table 2) are completely equal (rounded to
meter). It means that the “accuracies” read during meas-
urements did not impact the result significantly. Never-
theless, one should not make a general conclusion of
ignoring the weight impact based on only one example.
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koordinate, bile one geodetske ili pravokutne u ravnini
projekcije. Pretpostavit ¢emo da se teZine p, mogu odrediti
iz tih vrijednosti m, na sljedeci nacin:

p,' :_2,i= 1,...,”
m°

I

U smislu teorije izjedna&enja izravnih (direktnih) mje-
renja, Zelimo odrediti srednje ili izjednaCene vrijednosti
koordinata x, y tocke T dati njihovu procjenu nesigurno-
sti. U tu svrhu primijenit éemo metodu najmanjih kvadrata.
OznacimosV,,v,,V, .V, ...V, ,V, popravke mjerenih
koordinata. Sada moZzemo napisati jednadzbe popravaka

Xy +V, =X
Yitv, =Y
X, +V, =X
Yotv, =Yy
X, v, =X
YoV, =Y

Uogimo da imamo 2n jednadZbi popravaka i dvije
nepoznate veli¢ine x,. Radi preglednosti uvedimo
matri¢ni zapis:

_ T
v —[wa V, V, VY, Vyn] , vektor popravaka

X
X = )7] , vektor nepoznanica

__0 10 1.0 1| mMmatrcakoelicienata

jednadzbi popravaka

I=[x, y, %, y,..x, y,|" vektor mjerenih
veliCina
P = diag[p, p, p, P, ... p, P, ] Matrica teZina
mjerenih veliina
JednaZdbe popravaka mogu se sada napisati ovako:
[ +v=Ax,
a uvjet
VIPv = min
vodi na rjeSavanje normalnih jednadzbi
ATPAX=ATPI.

To je sustav od dvije jednadzbe s dvije nepoznanice

I 0 | x| |Zpx

{ 0 Ip }{7] i {Zp,-y,}
koji se lako rijesi i dobije
XX, — _XIpY,
Ip & Zp;

X =

(op€a aritmeti¢ka sredina).

Za ocjenu to€nosti rieSenja najprije odredimo stan-
dardno odstupanje jedini€ne teZine
pr(vf,. + V; )

m - viPy _
® Yon-2 2n-2

Matrica kofaktora nepoznanica je

il
Q, =(ATPAY" =| P
1
0 —
Zp;
Ako uo€imo da se moZe napisati
X
x =t oﬂ_}
y
onda je
zi 0 1 1
Qﬁ = [1 0] pi 1 |: j| =
o _—|l0] Zp
Zp;
i potpuno analogno
1
W p

Prema tome moZemo napisati za standardna odstu-
panja nepoznanica (koordinata)
m
m; = mo Qﬁ :—0
Zp;

=By

| na kraju, standardno odstupanje mjerenih veliCina
(horizontalnih odstupanja pojedine mjerene koordinate) su

m, =m

m,
X y, S T—.,i=1,..n
\P;

Srednja vrijednost srednjih horizontalnih odstupanja
po koordinati moZe se izraziti ovako

_ Im, Zm,
O = = —
n n

U posebnom slucaju, uz pretpostavku p=1, i=1,...,n,
dobiva se:

_ 3 _ 3y

X:_ry:_

n n

S(ve 4+ )
mg =

2n-2

m

m.=m, =—%2
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. . L 1
Table 2. The adjustment of direct measurements from Table 1 considering p; =—,
where m. are the read “accuracies” m;

Tablica 2. Izjednacenje izravnih mjerenja iz tablice 1 uzimajuci u obzir oCitane “tocnosti” m. tako da bude p; = iz
m

greddmf)lr P; Py P;iX; vy Vi, p,-v; P,‘Vi. m,=m,

1 0,06 348460,0 317139,3 -0,5 54 0,0 1,8 2,8
2 0,03 154871,2 140950,9 -35 04 03 0,0 42
3 0,04 223014,2 202969,3 55 2,4 1,2 0.2 35
4 0,06 348460,0 3171395 -0,5 24 0,0 0,4 28
5 0,01 68831,6 62645,0 25 | -126 0,1 2,0 6,3
6 0,02 87115,0 79285,0 1,5 56 0,0 05 56
578 7 0,01 68831,6 62644,8 2,5 4.4 0,1 0.2 6,3
8 0,01 68831,7 62644,9 45 1,4 03 0,0 6,3
9 0,03 154871,0 140950,8 2,5 74 0.2 1,5 42
10 0,03 154871,2 140950,9 -3,5 24 03 0.2 42
11 0,01 55753,6 50742,4 05 | -36 0,0 0,1 7.0
12 0,02 113782,9 103555,9 05 | 56 0,0 06 49
13 0,02 87115,0 79284,8 -2,5 54 0,1 05 56
14 0,02 87115,1 79284,9 -45 2,4 03 0,1 56
15 0,02 87115,1 79285,0 55 | -46 05 03 56
16 0,02 113782,8 103555,8 1,5 -0,6 0,0 0,0 49
17 0,01 55753,7 50742,5 55 | -126 03 1,6 7.0
18 0,01 55753,6 50742,3 -2,5 34 0,1 0,1 7.0
19 0,01 46077 4 419358 -5,5 4.4 03 0.2 77
20 0,02 87114,8 79285,1 105 | -126 1,7 2,5 56
21 0,06 348459,9 317140,0 1,5 -5,6 0,1 2,0 2,8
22 0,04 223014,4 202969,3 1,5 2,4 0,1 0.2 35
23 0,06 348460, 1 317139 4 1,5 34 0,1 07 28
24 0,01 68831,4 62644,9 175 | -56 38 0,4 6,3
25 0,02 87115,0 79284,9 2,5 1,4 0,1 0,0 56
26 0,04 223014,4 202969,5 0,5 -2,6 0,0 03 35
27 0,03 1548713 140950,9 6,5 24 1,2 02 42
28 0,02 87114,9 79284,8 35 6,4 0.2 06 56
29 0,04 223014,4 202969,6 05 -6,6 0,0 1,8 35
30 0,03 154871,0 140950,9 35 24 03 0.2 42
31 0,03 154871,1 140950,9 1,5 04 0,1 00 42
32 0,06 348459,9 317139,7 05 -0,6 0,0 0,0 28
33 0,04 223014,4 202969,4 05 1,6 0,0 0,1 35

> 092 511263348 465309917  -3,98 -20,39 11,88 19,24 159,91

y=5575360  x =5074234 m, =0,70 o =4,85

my =m; =073
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Fig. 4. The distribution of measurements in relation to the estimated position of point T
Slika 4. Raspored mjerenja u odnosu na procijenjeni poloZaj tocke T

m

X;

=m, =m,,i=1,...,n.

Racunanja na temelju izvedenih formula provedena
su programom Excel s maksimalnim brojem decimala i
prikazana u tablici 2.

Uz pretpostavku da su sva mjerenja jednake to¢nosti,
tj. uz pretpostavku p=1, i=1,...,n, dobiva se:

P = % = % =45°48'500,

D _ 2 _15°57' 888 ,
33

7=
n

y= 2 =&=5575360 m,
n 33

;:ZX" - 2% =5074235 M
n 33

Uo€imo da su koordinate dobivene s pomoc¢u obi¢ne
aritmeticke sredine i opce aritmetiCke sredine (vidi tablica
2) sasvim jednake (zaokruZene na metar). To znaci da
uzimanje u obzir teZina, odnosno o€itanih to€nosti za vri-
jeme mjerenja nije znatnije utjecalo na rezultat. Ipak, na

temelju samo jednog primjera ne bi trebalo zakljucivati
da se utjecaj teZina opéenito moze zanemariti.

4. Analiza rezultata

Pri mjerenju malim ru€énim GPS-uredajima obi¢no
moZemo pratiti to€nost odredivanja poloZaja na dva na-
¢ina. Jedan je vizualni, a drugi numericki. Na vrhu stranice
na ekranu uredaja nalazi se statusna traka na kojoj se
nalaze pojedini indikatori stanja. lzmedu ostalog,
pojavljuje se ,to€nost’ (eng. accuracy) u obliku npr. £14
m. Ta se ,to€nost’, odnosno vjerojatnije nesigurnost
polozaja, korigira ili mijenja svake sekunde (Zupan,
Lapaine 2006). U skladu s tim na ekranu se mozZe vidjeti
kruZnica sa srediStem u tocki koja prikazuje poloZaj
uredaja, a koja zorno prikazuje spomenutu numericki
izraZzenu ,to€nost’, tj. podruéje nesigurnosti.

Jedino Sto se iz priruénika moZe saznati o kruZnici
to¢nosti je da e ona biti to manja $to je polozaj tognije
odreden. Medutim, o zna€enju, odnosno definiciji pojma
to€nosti, na temelju priruénika ili druge literature, nismo
uspjeli saznati nista.

Zbog toga smo na temelju vlasititih mjerenja i malo
matematike pokusali odgonetnuti $to bi o€itana ,to€nost"
za vrijeme mjerenja ruénim GPS-om mogla biti. U tu svrhu
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Fig. 5. The distribution of the measured latitude ¢; the blue line depicts the average value
Slika 5. Raspored mjerenja po geografskoj Sirini ¢; plava linjja oznacava srednju vrijednost
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Fig. 6. The distribution of the measured longitude A, the blue line depicts the average value
Slika 6. Raspored mjerenja po geografskoj duZini A; plava linija ozna¢ava srednju vrijednost
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Slika 7. Raspored mjerenja po koordinati x; plava linija oznacava srednju vrijednost
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Fig. 8. The distribution of values by coordinate y; the blue line depicts the average value
Slika 8. Raspored mjerenja po koordinati y; plava linija oznaéava srednju vrijednost

izradili smo tablicu 3, u kojoj su za sva 33 mjerenja
(prikazana u tablici 1) dane vrijednosti o€itanih ,to¢nosti"
m, izracunanih o;=m, =m, (srednja horizontalna
odstupanja pojedine mjerene koordinate, preuzeta iz
tablice 2) i d, odstupanja, odnosno udaljenosti od
pojedine toCke dobivene mjerenjem do “srednje” tocke,
tj. toCke dobivene izjednaCenjem iz svih mjerenja.
Usporedbom veli¢ina m, o, d, Zeljelo se dobiti odgovor
na postavljeno pitanje: sto je “tonost” koju ¢itamo na
ekranu uredaja za vrijeme mjerenja.

U tu svrhu izraden je grafi¢ki prikaz (slika 9) i izra-
Cunani koeficijenti korelacije:

- Z(m,»_—m)(d,- -d) s
D m-my [y @, - d)?
oo = z(d’__d)(a’_a)_ _ 045
D -2 > (o, -0
> (m, —m)(o, - o) 100

R T e

Iz dobivenih rezultata proizlazi da izmedu ocitane
,to€nosti“ m iizratunanih o;=m, = m, postoji egzaktna
linearna veza. Zaista, ako u izraz

uvrstimo pretpostavku

p; = i=1,...,n

1
m?’

dobit éemo

m, =m, =mym;,i=1,..n.

X

To drugim rijeCima znaci da su o, i m, proporcionalne
veli¢ine. Stoga i koeficijenti korelacije i moraju biti jednaki
(Petrovi¢, 2007). Odatle zakljucujemo da, na Zalost, iz
izraCunanih o;=m, =m, ne mozemo nista zakljuciti o
znacenju ocitanih ,to¢nosti‘ m,

Nadalje, buduci da je koeficijent korelacije r,, ,= 0,45,
to zakljuCujemo da izmedu ocitanih ,to¢nosti* m, i
izraCunanih odstupanja d, (udaljenosti od pojedine tocke
dobivene mjerenjem do “srednje” to¢ke) ne postoji
izraZenija linearna veza. To nam potvrduje i slika 10 na
kojoj su prikazani pravci regresije.

Prije donoSenja zaklju¢ka podsjetimo se definicija
preciznosti i toénosti mjerenja (usporedi DZNM 1997).

Preciznost (mjerenja) (eng. precision of measure-
ment, fr. précision de mesure; nj. Prézision der Messung)
je bliskost slaganja izmedu neovisnih ispitnih rezultata
dobivenih pod ugovornim uvjetima. Napomene: (1) Kao
mjera preciznosti primjenjuje se standardno odstupanje
uz mjerenja u uvjetima ponovljivosti, odnosno obnovlji-
vosti. Sto su sluajna odstupanja manja, to je precizniji
postupak. (2) Izraz preciznost ¢esto se neispravno pri-
mjenjuje za ocjenu to¢nosti.

Tocnost (mjerna) (eng. accuracy of measurement; fr.
exactitude de mesure; nj. Messgenauigkeit) je bliskost
slaganja izmedu ispitnog rezultata i prihvacene referen-
cijske vrijednosti. Napomene: (1) “To€nost” je kvalitativan

pojam. (2) Izrazi “to¢nost” i “preciznost” moraju se upotre-
bljavati u ispravnom smislu i ne smiju se zamijeniti.
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4 Result Analysis

During a survey with small hand-held GPS-devices,
one can usually monitor the position “accuracy” in two
ways. One is visual and the other numerical. On top of
page on the device screen, there is a status bar with
status indicators. Among others, there is also “accuracy”
in the form like this: £14 m. The “accuracy” value, or more
probably position uncertainty value, is corrected or
changed every second (Zupan, Lapaine 2006). Accord-
ing to that, one can see on the device screen a circle
with the centre in the point which represents the device
position and shows the mentioned numerical “accura-
cy’, i.e. the area of uncertainty.

From the device manual, one can only find out that
the accuracy circle will be the smaller the more accu-
rately the position is determined. Nevertheless, there is
nothing else in the manual or other references about the
definition of the term “accuracy” for this device.

Because of that, and on the basis of performed meas-
urements and using some mathematics, we tried to find
out the answer to the question: what could the “accura-
cy” value read on the hand-held GPS device be? For
that purpose, Table 3 was created that contains values
of read accuracies m, calculated o;=m, =m, values
(average horizontal deviation for each measured coordi-
nate, taken from Table 2), and deviations d, i.e. distanc-
es from each measured point to the “average” or adjust-

Table 3. Values m, o, d, for all measurements
Tablica 3. Vrijednosti m, o, d, za sva mjerenja

Measurement
number m; o; d, m-m | o,-c |d-d
Broj mjerenja

1 t4 2,8 54 -2,9 2,0 -0,5
2 +6 42 35 -0,9 -0,6 -2,3
3 +5 35 6,0 -1,9 -1,3 0,1

4 t4 2,8 2,4 -2,9 2,0 -3,4
5 +9 6,3 12,9 2,1 1,5 7,0
6 +8 5,6 58 1,1 0,8 -0,1
7 +9 6,3 51 2,1 1,5 -0,8
8 +9 6,3 47 2,1 1,5 -1,1
9 +6 42 7.8 -0,9 -0,6 1,9
10 +6 42 42 -0,9 -0,6 -1,6
11 +10 7,0 3,7 31 2,2 2,2
12 +7 49 5,6 0,1 0,1 -0,2
13 +8 5,6 59 1,1 0,8 0,1

14 +8 5,6 51 1,1 0,8 -0,8
15 +8 5,6 7,2 1,1 0,8 1,3
16 +7 49 1,6 0,1 0,1 -4,3
17 +10 7,0 13,8 31 2,2 7,9
18 110 7,0 42 31 2,2 1,7
19 +11 7,7 7,0 4,1 2,9 12
20 +8 56 16,4 1,1 0,8 10,5
21 +4 2,8 5,8 -2,9 2,0 -0,1
22 +5 35 2,8 -1,9 -1,3 -3,0
23 +4 2,8 37 -2,9 2,0 -2,2
24 +9 6,3 18,4 2,1 1,5 12,5
25 +8 5,6 2,8 1,1 0,8 -3,0
26 5 35 2,7 -1,9 -1,3 -3,2
27 +6 4,2 6,9 -0,9 -0,6 1,1

28 +8 5,6 7,3 1,1 0,8 1,4
29 +5 3,5 6,6 -1,9 -1,3 0,8
30 +6 42 42 -0,9 -0,6 -1,6
31 +6 4,2 1,6 -0,9 -0,6 -4,3
32 t4 2,8 0,8 2,9 2,0 -51
33 +5 35 1,7 -1,9 -1,3 -4,2

m=7| c=49 | d=59 | =00 | =00 | 5=0,0
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Fig. 10. Calculated deviations d,versus read “accuracy” m, values and regression lines
Slika 10. Prikaz izracunanih odstupanja d. u odnosu prema ocitanim ,to¢nostima“ m, i pravei regresije

Fig. 9. Diagram representing values from Table 3
Slika 9. Graficki prikaz vrijednosti iz tablice 3
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ed point, for all measurements (shown in Table 1). We
wish to get the answer to the stated question by compar-
ing values m, o, d.

For that purpose, we made a diagram (Fig. 9), and
calculated correlation coefficients:

- Z(m,_—m)(d,- -d) o
2 m -my >, -y
Faw = Z(d’__d)(a’_g)_ ~045
-0 Y (o, -0)
2(m —mio, —) -100

o m-mp2 ¥ (o, - o)

From these results, we can see that there is an exact
linear connection between the “accuracy” m, read and
the o;=m, = m,value calculated. Really, if we substi-
tute

into the expression

p— 1 [ —
p; —m—iz,l—'],...,n

we immediately get

X
1

m, =m, =mym;, i=1,..n.

In other words, it means that o and m, are propor-
tional values. Hence, the correlation coefficients r, ,and
r,, must be equal (Petrovi¢ 2007). From there, we con-
clude that from calculated values o; =m, = m, - unfortu-
nately, we are not able to conclude about the meaning of

the “accuracy” m, read.

Furthermore, since correlation coefficient is re= 0.45,
one can conclude that there is not a stronger linear rela-
tion between the read “accuracy” m,and calculated devi-
ations d. That can be seen from Fig. 10 where both re-
gression lines are shown.

Before the final conclusion, let us remind of defini-
tions of precision and measurement accuracy (see DZNM
1997).

Precision (of measurement) (Fr. précision de mesure;
Ger. Préazision der Messung) is closeness of agreement

between independent test results obtained under stipu-
lated conditions. Notes: (1) Standard deviation is used
as a measure of precision in conditions of repeatability,
or reproducibility. The smaller the random deviations are,
the more precise the procedure is. (2) The term precision
is often inadequately used for evaluation of accuracy.

Accuracy (of measurement) (Fr. exactitude de
mesure; Ger. Messgenauigkeit) is closeness of agree-
ment between a test result result and the accepted refer-
ence value. Notes: (1) “Accuracy” is a qualitative con-
cept. (2) Expressions “accuracy” and “precision” must
be used in the correct sense and must never be inter-
changed.

4 Conclusion

Measurement precision of the small hand-held GPS-
device GPSMAP 76CS was tested. The obtained aver-
age value of “accuracy” values read from the device
screen was 7 meters. The calculated average of hori-
zontal deviations of each point from the “average” point
was 5.9 m. That means the precision or repeatability was
a little better (15.7%) than the accuracies shown by the
device.

It is not possible to give a conclusion about the read
“accuracy” on the basis of average horizontal deviations
of each measured coordinate and obtained from the ad-
justment because these two variables are proportional.

Furthermore, it was shown that there is no correla-
tion (r=0.45) between values of accuracies read from
the device during the survey and calculated average hor-
izontal deviations of individual measured coordinates. Ac-
cording to that, from accuracy values read, one can not
easily calculate the average horizontal deviation of each
measured coordinate or vice-versa.

Therefore, we conclude that upon performed tests it
was not possible to completely answer the question about
the meaning of “accuracy” which was read from the de-
vice during measurements. The research in that direc-
tion should be continued, but also expand to test the pre-
cision of altitude determination as well as accuracy esti-
mation.
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4. Zakljuéak

Ispitana je preciznost mjerenja malim ruénim GPS-
uredajem GPSMAP 76CS. Dobivena je srednja vrijednost
o€itanih vrijednosti ,tonosti‘ s uredaja u iznosu od 7
metara. |zradunana srednja vrijednost horizontalnih
odstupanja pojedine tocke od “srednje” toke je 5,9 m.
To znadi da je preciznost ili ponovljivost nesto bolja
(15,7%) od “to€nosti” koju prikazuje ureda.

Na temelju srednjih horizontalnih odstupanja pojedine
mjerene koordinate dobivenih nakon provedenog
izjednaCenja nije moguce donijeti zaklju¢ak o tome $to
je o¢itana “to¢nost”, jer su te dvije veli€ine proporcionalne.

Nadalje, pokazano je da ne postoji korelacija (r=0,45)
izmedu ocitanih vrijednosti to¢nosti s uredaja za vrijeme
mjerenja i izraCunanih srednjih horizontalnih odstupanja
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