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ABSTRACT

In the 20th century, there was a remarkable progress in survey instrument and
technology powered by the development of scientific technologies. Precision
positioning is now possible thanks to GPS (Global Positioning System), three
dimensional positioning method using satellites. GPS receiver installed in the
observation point and at least four satellites determine the three dimensiond
coordinates, therefore, disposition and number of the satellites and the baseline may
affect the accuracy, and observational error often occurs.

Thisresearch isto see how earth surface position error changes according to the number
and combination of observation satellites through relative location observation method.
Least square method is used for position error analysis. It is to analyze what is the
minimum observation time when limiting the position error.

1. INTRODUCTION

The most recent, rapid growth of telecommunication - skill, and a space technique bring
remarkable development on a surveying instrument, and sector of surveying technique.
It accelerates diversification, and a high level of survey such as GPS survey, the
technique using the high resolution of satellite image, GPS technique. Especialy, an
application of GPS surveying instrument is enlarged more and more in the field of
survey from new operation method, using instrument, information propulsion, a safety
secure, correspondence to internationalization, and protection of nature environment
point of view.

GPS stands for Global Positioning System. It sets up three dimension, which you want
to observe, the latitude , the longitude , an altitude H, by positioning instrument. The
units are  degree, minute, second , and meter , and it is divided into point
positioning which uses 1 receiver, and relative positioning which uses 2 receiver
according to purpose of survey.

Method of base line measurement is that of static measurement applied to detailed
control point observation. static observation has a problem with taking a lot of time in
practical affair because observed time is not steady according to the distance.
Accordingly, this research observes how earth surface position changes according to
number, and combination of observation satellites through relative positioning, and
analysis of positioning error uses the method of least squares. In this analysis effect, in
case of setting limits to positioning error, It is to see how much of least observed time
may be applied.



2. RELATIVE POSITIONING OF GPS

To use GPS phase observation formula, survey calculation is carried out with the data
that records the number of returned wave phase received by GPS receiver.

The time of starting survey, the number of wave of carrier that is existed between a
satellite and GPS receiver. Namely, phase number is called interger number. If you
know this, it is possible to calculate a base-line vector at two point intervals by relative
positioning.

The problem isthat it is hard to count the number of wave because carrier isregular in a
type of wave. Therefore, GPS survey calculation is fundamental to what kind of way,
and the how little data it needs.

The method of relative positioning to calculate interger number are Single Difference,
Double Difference, Triple Difference.

2.1 Single differenece

An error term of a satellite clock is eliminated by calculating phase survey formula of 1
satellite / 2 receiver or an error term of receiver clock is eliminated by cal culating phase
survey formula of 2 satellite/ 1 receiver. An orbit error and tropospheric delay error can
be reduced if the distance between two receiver is shorter than height of GPS satellite.

2.2 Double difference

Removing both receiver, and an error term of satellite clock by calculating more than
two of single difference, and unknown term will just remain interger number, therefore
survey calculation is carried out by an observation equation for 4 of satellites and 3 of
double difference.

2.3 Tripledifference

Triple difference that subtracts according to continuous time is lower than double
difference on an accuracy because of poorness of substance of information. It is used to
revise cycle dlip which is generated in the middle of surveying. Cycle Slip comes from
the case of passing through an obstacle like tree, an active action of ionosphere, or
electronic wave obstacle in the area where | ots of radio wave emits.

3. COMPUTATION OF OBSERVED VALUE BY THE METHOD OF LEAST
SQUARES

3.1 Distanceerror-linear expression up to GPS satellite

In GPS positioning, To seek location of surveying position, position of coordinate
P(x.,Y.,z),point P isdecided aslong as you know the distance from 3 of satellites at
the least. But reach time should be observed exactly when the distance is measured by

means of the reaching time of radio wave for distance calculation.
In general, satellite’s clock and receiver’s clock are accompanied with alittle error. 4 of

unknown X, Y;, z ,time(t) , and clock error Ad, exist to eliminate them. To solve them,

It needs positioning measured from 4 of satellite at the least. Therefore, positioning
usually needs the minimum 4 of the satellite, and the relative equation shows as Eqs(1).
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If distance from surveying point P (x,Y,,z) to satellite j, time(t) is ,oij ®).

piE) = f(x,Y,,2)
= ®) -x)2+ (Y (1) - )2 +(2' (1) -2)?) ®

Supposing, point P is P (x,,Y.,,Z,) asan approximate value, an approximate distance
,0‘j (t) between surveying point and satellite is that.

pii) (1) = f(Xo» Yior Zo)
= O () = %)+ (Y (©) — Yo) 2 + (2 (©) — Z) %) R

Error Equation shows as Eqs(3).

X = X +AX
Yi = Yo T Ay, (3)
z =z, +Az

where,
A, Ay, Az, are residual of x,y,,z each. f(x,y,,z)is evolved Taylor, Eqs(4)
because Ax ,Ay,,Az arevery small amount in Eqs(1).

f(Xi’yi’Zi) = f(xio +Axi!yio +Ayio’zio +Azi)
— f(Xio,yio,Zio)+ Gf (Xioa’ yioyzio)AXi + af (XiOino;Zio)Ayi +MA4 +... (4)
X

io io io

This coefficient of development form term 2~4 from Eqs(2) turns as follow.

Yo Z) = L0500 - x,) x{( (0= 5,07 + (9 © - yo)? + (2 0= 2 2

aXio
X! (t) - x
=X % 5
Pio (1) ©
af (Xio1 yio’ Zio) - — yj (t) B yio (6)
ayio pijo (t)
of (Xim Yio: Zio) —_ z! (t) - Z, (7)

azio pii) (t)

Eqgs(4) turns Eqs(8) by means of p(t) corollary.



Xj (t) B Xio AXi _ yj (t) - yio A = Zj (t) B Zio
Pio (1) Pio (1) Pio (1)

pl(t) = pl(t) - Az, (8)

On survey, supposing distance from surveying point i to satellite j is R/ (t). R/ (t)
turns Eqs(9).

RI(t) = p! (t) +cAS’ (t) - A, (t) )
where
o/ (t) : geometric distance between satellite and surveying point
c :thevedocity of life
A9, (t) : clock error of receiver |

AS'(t) : clock error of satellite
Eqgs(10) may be gotten from Eqs(9), and (8)
R (t) - i (t) —cAd’ (1)

_ _xj(t)—xio Ax - yj(t)_yio By, _MA; —CcAJ, (t) (10)
P M) Pio() Pio (D)

Revision of satellite clock is monitored by a tracking station, and transmissive
coefficient in the navigationa message from the satellite can be revised by clock
corrective equation. On account of this, value of the left side in Eqs(10) may be
calculated. While, 4 of unknown Ax;,Ay,,Az ,Ad,(t) exist on the right side. It needs

more than 4 navigational message from satellite to get them. Eqs(10) explains,

11 =RI®) - o)) ~cAd () |
al __Xj(t)_xio al __yj(t)_yio al __ZJ(t)—ZiO

S 250 N YO B - ()
and, it can be expressed as follow.
I =a) [Ax +a) [Dy, +a) [Az, —c[DJ,(t) (11)
3.2 Approximation of positioning value by the method of least squares

Because linear expression is possible Q(Ax ,Ay,,Az ,AJ,(t))) are spreaded out as
Eqs(12).

Qo By, Az, 05, (1) = {7 - al dx - al, iy, -a) Bz -cad (b} (12)

=1

The method of least squares seeks Ax,Ay,,Az,Ad () by minimizing
Q(AX;, Ay, , Az, ,Ad, (1)) and assume a part differential Ax,Ay,,Az ,AJ, (t) asO0, Thus



0Q(Dx,,y;, 07,05, (1))
O0AX.

= _ZZ a)ii (I ' - a>j(i [AX; - aj/i [Ay, - azji [Az +cAdx () =0 (13)

00(4 .8y, 07,8, (1)
oAy,

=-2) al (I’ —a} [Ax —a); [y, —a) Mz +cAX (t)) =0 (14)
j=1

0Q(Ax, Ay, Az, A, (1))
0Az

=-2> aj (I’ —a) I —a) [y, —a} [Az +cAdK (t)) =0 (15)

0Q(Ax,, Ay, .07, A3, (1))
0AJ,

= Zci (I' —a) [Ax —a); [y, —a) [z +CcAX (1)) =0 (16)

After theorem of Eqs(13)~Eqs(16), regular equation may be Eqs(17)~Eqgs(20).
Z(ax,) Ax, +ZaXI as Ay, +leaXI aliz —cZa NS (t) = ZaJIJ (17)
Zax, a) A, +Z(a )2hy, +Zawa Az, —cZa NS (t) = ZaJI’ (18)
Zax' a} Ax +Zay, alay, +Z(a )2Az —cZaJAJ(t) ZaJI’ (19)
Za Ax, +ZaJAyI +ZaJAz —cZAd (t) = ZlJ (20)

Then, a part of coefficient of Ax,Ay,,Az,AJ, (t) is expressed as type of

K.,(Mn=1~4), and Eqs(17)~Eqs(20) can be Eqs(21).
ki &X + KAy, + K, A7 +k,Ad (t) = 0,
K%, + Ky, Ay, + KAz +K,, A9, (1) = 9,
KaBX +Kply; +Kg3A7 + K AG; (1) = 9,
KX + KAy, + KAz + K, A0 (1) = 9,

(21)

From the forth dimensional simultaneous equation, Ax,,Ay,,Az,,Ad, (t) and X,Y;,z in
Eqgs(3) will be determined.



4. THE BETHOD OF SURVEYING

This research is that the control point being used at Pukyoung National University in
Pusan was used, and observed point within the compass of distance 1km, 2.5km, 5km,
7.5km, 10km, 15km, 20km, was selected. as shown Figure 1.

The time of survey were 30, 60, 90, and 120 minutes and acquisition space of the data
was 30 sec.

The distances of rapid static positioning were selected 1km, 2.5km, 5km, 7.5km, 10km,
15km as Method of static positioning, and the time of survey were 5, 10, 15, and 20
minutes and acquisition space of the datawas 5 sec.

To combine GPS satellite, considering in case of being getting over 4each of satellites,
Since it is possible to see selection of r units from n units as the combination on
selecting r units without considering the order of n value from different satellite, the
number of satellite which can be used may be increased.

For example, ,C, =1,.C, =5,,C, =15, and ,C, =35,,C, =70, ,C, =126,

10C4 =210. In this research, We limit satellite combinations to total 7each, because of

the situation of survey place, even we use 2 frequency GPS which is 8 channel. Shown
Table 1.

@ ixa &

Fig.1 A Map of GPS observation points

Table 1. The number of combinations of satellite with the number of satellite.

r n 4 5 6 7
4 1 5 15 35
5 - 1 6 21
6 - - 1 7
7 - - - 1

Observed period of GPS is 0.5 Sidereal Day (about 11hours and 58 minutes), so It is 4
minutes faster in a day. We apply static positioning or rapid static positioning belong to
relative positioning to observe the same time everyday, and atitude of receiver is 15
degree.

Accuracy is estimated as comparison of dimension of absolute observed error, and
relative accuracy of distance X, and Y by relative positioning with 2 GPS receivers.
Received data is calculated by the method of least squares according to computer
process.



5. ANALYSISOF OBSERVED VALUE

5.1 Result of distance observation according to the number of satellite in static

positioning

Allowable scope error limits absolute observed error to 5mm, and relative accuracy is

shown Table 2.
Table 2. Control point relative observation allowable error
Control Point
Division - .
First Grade Second Grade Third Grade Fourth Grade
Baseline 30~37(km) 10(km) 5(km) 2.5(km)

Accuracy

1/1,000,000

1/500,000

1/200,000

1/100,000

If absolute observed error is limited to 5mm following satellite combinations in distance
in static positioning, at the time of that satellite is 4 each, satisfied observation more
than 120minutes within shorter than 2.5km, and when the number of satellite are 5, 6 is
sufficient over 30 min within 1km, over 60min within 2.5km, and over 120min within
5km. In the case of more than 7, the time of observation needs over 30min within 1km,
60min within 2.5km, and 120min within 10km.
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5.2 Result of distance observation according to the number of satellite in rapid
static positioning

Absolution observed error is limited to 5mm according to satellite combinations in
distance in rapid static positioning, In case of 4 of satellite, the time of observation
needs over 20min within 1km. in case of 5 of satellite, the time of observation needs
over 10min within 1km, over 20min within 2.5km, and in the case of 6 of satellite, the
time of observation needs over 15min within 1km,2.5km, over 20min within 7.5km.
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6. CONCLUSION

This research calculates dimension of observed error followed satellite combination in
distance to determine least observed time of baseline classified followed GPS satellite
combinations, and To get optimum observed time suited to fiducia point survey, the
conclusions was taken as below by static positioning, and rapid static positioning.

1) When static positioning, and rapid static positioning belong to relative positioning
were used, economic observed time to get sufficient data within sphere of critica
allowable error came to reduced phenomenon by increasing the number of satellites
or reducing length of base line when combined satellites.

2) When observed by static positioning, and rapid static positioning, practicality was
estimated by analyzing the same amount of observed data, and observed error as a
base, and accuracy using 2nd control point was confirmed by static positioning that
survey for 30min, and It would be better to apply to detailed control point
surveying.

3) Observed time of base line followed the number of satellite according to satellite
combination of grade could be taken, in case of domestic GPS surveying applying to
control point surveying.
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