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Characteristics of the Measurement Accuracy by the Inclination 
。fKinematic GPS Antenna 

Kuniharu Okuda* 1， Kenji Minami* 2， Kojiro Motomura* 1， 

Satoru Inoue * 1， and Masatoshi Sakaide * 1 

It is possible to measure by KGPS to an accuracy of about 2 cm. As there are many merits to measure 

by KGPS and its application is coming to be of wide range in use. On巴 ofthe ways of using KGPS is to 

calculate the angle of inc1ination of moving subjects. If the angle of inc1ination of th巴hullcan be easily me. 

asured by KGPS with a high accuracy， the application to the field of fisheries can be considered. For this 

application， it is necessary to evaluate and detail the measurement accuracy of the angle of inc1ination by 

KGPS. 

In this paper， we analyzed the measurement accuracy when the antenna inc1ines， since the antenna of 

KGPS also inc1ines when the moving subject inclines. Besides， we also analyzed the angle of inclination 

calculated by making th巴pitchingand rolling antenna as the reference station. 

As a result， the measurement accuracy to the angle of inclination and th巴 reductionof accuracy became 

c1ear， and the measurement for moving subjects was found to be efficient. 

Key words : Kinematic GPS， Antenna， Inclination， Accuracy， Ship motion 

Introduction 

The evaluation of the GPS (Global Positioni昭 Syst巴m)

measurement accuracy has been conducted for various 

uses. Today， based on the evaluation， GPS is practically 

used in many fields. 

On application to fisheries， for instance， GPS is utilized 

for gaining the accurate position of fishing reefs， and the 

shape measurement of the fishing boat and fishing gear 

Moreover， if the angle of inclination is measured by GPS， 

it would be possible to correct the error of the depth 

measurement caused by the hull inclination and to measure 

the hull inc1ination that varies due to the fishing gear and 

catch while the fishing boat is being operated. These 

measurements would not only become basic data for the de. 

sign of fishing boats and fishing gear， but also contribute 

to improve safety at sea caused by the hull inclination 

On巴ofthe techniq ues to measure these inclinations is 

considered to be the Kinematic technique that enables the 

measurement of the angle of inclination with a high accura. 
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cy. It is possible to measure the angle of inclination by a 

clinometer， but the measurement by Kinematic GPS 

(KGPS) has the merit the position and the speed can be 

simultaneously measured. Though this kind of experiment 

and the resul t of this analysis has been reported in the 

past 1)， it does not refer to the measurement accuracy when 

the antenna itself inclines. 

Therefore， it was decided to evaluate and analyze on the 

characteristics of the measurement accuracy when the 

antenna inclines and the pitching and rolling ant巴nna

should be a reference station in order to measure the angle 

of inclination by KGPS. As a result， it was succeeded to 

evaluate how far the reduction of the measurement accura. 

cy would be due to the angle of inclination of antenna 

2 Experiment 

In order to analyze the measurement accuracy when the 

antenna inclines， 3 experiments were conducted. In this 

paper， it is decided the station of the previous position by 
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Kinematic technique as a r巴ferencestation， the station with 

an uninclined antenna as a fixed station and the station 

with an inclined antenna as an inclined station. Th巴 re

ceiver used here for each station is 1 frequency type， 

Ashtech GG-24. 

2.1 Experiment to compare the 

measurement accuracy 01 the 1ixed 

station and the inclined station 

As shown in Fig. 1 ， we set up a fix巴dstation and an in 

clined station 100.9cm apart from the reference station. 

Each station simultan巴ouslystored raw data in a computer 

every 0.2seconds. The antenna at the inclined station was 

made to be inclined about an angle of 10degrees， 20degrees 

and 30degrees every 30minutes and the raw data was 

stored. Then， we conducted the measurement calculation 

by the post processing software with the Kinematic techni 

que. By comparing the measurement results of the fixed 

station with the inc1ined station， the measurement accuracy 

when the antenna inclined was analyzed. The date of the 

experiment was May 25， 2004. 

2.2 Measurement experiment 01 the 

angle 01 inclination made at two irト

clined stations 

When the antenna is fixed on an onboard subject， the 

antenna also inc1ines by the inclination of the onboard sub. 

j ect. Then， as Fig. 2 indicates， one reference station and 

two inc1ined stations were set up， and the experiment was 

150.0cm 

station 
150.0cm ¥ "  150.0cm 

Inclined station 

Fig. 1 . Composition of the experiment to compare the 
measurement accuracy of the fixed station and the 
inc1ined station 
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Fig. 2 . Composition of the experiment of the angle of in 
c1ination made at 2 inclined stations 

conducted which assess巴dthe angle of inclination caused 

by two stations. In the same way as the experiment of Sec 

tion 2.1， the raw data was stored in the computer巴V巴ry0.2 

seconds， th巴 antennaat the inc1ined station was mad巴tobe 

inclined at 0 degree， 10degrees， 20d巴greesand 30degrees 

every 30minut巴s.

The angl巴 ofinclination was calculated by the following 

two m巴thods.One is that after getting the r巴lativevector of 

each inc1in巴dstation from the reference station， the angle 

of inclination was calculated from the distance of each in. 

c1ined station (the 1巴時thof actual measurement) and the 

difference of the z element (th巴 heightdirection)ー Thefol. 

lowing equation is for the angle of inc1ination al 

al = sin-1 (ムz/Ll)...・H ・" (1) 

Here，ム Z=Zl-Z2

Z 1， Z 2 : the z element for each inc1ined station 

L 1 : the length between the antennas at the inc1ined sta. 

tions (100.9cm) 

The other method is that by making the one inclined sta. 

tion out of two as a reference station， the relative vector of 

the other inc1ined station was calculated. The following 

equation is of the angle of inc1ination a2 by this method. 

a2= sin-1 (z3/Ll) ...・H ・..(2) 

Here， Z3 : th巴 zelement of the relative vector seen from an 

inc1ined station at one side. 

By comparing al with a2， we analyzed the accuracy of 

the angle of inc1ination from the reference station and the 

angle of inc1ination was calculated by making one inclined 

station as reference. The date of the experiment was June 

15， 2004. 
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2.3 Measurement experiment of the 

angle of inclination at the inclined 

station which pitches and rolls 

In the case of measuring onboard， the ship usually pitch. 

es and rolls. Then， as shown in Fig. 3， we s巴tup two in 

clined stations which repeat inclining on a regular cycle. 

The inclination was manually operated at almost a fixed cy 

cle up to about 30degrees up and down. The experiment 

was conducted four times， and raw data was stored in the 

computer every 0.2seconds over a period of about 10 

minutes. Th巴calculationof the angle of inclination is the 

same as Section 2.2. However， when one side of th巴moving

inclined station is a reference， that position is calculated 

by point positioning. When the relative vectors at each sta. 

tion are short， even if there is an error which point posi. 

tioning makes at reference position， it is known that there 

is almost no influence on the relative vector 2). By this ex 

periment， it is possible to analyze the measurement accura-

cy of the angle of inclination when making the inclined sta-

tion which pitches and rolls as a reference. The date of th巴

experiment was July 29， 2004 

3 Results and discussion 

3.1 Characteristics of the measurement 

accuracy by an inclined antenna 

Fig. 4 shows the resu1t of the experiment at Section 2.1. 

It shows the ratio of the standard deviation of the inclined 

station against the standard deviation resulted from the 

宍FR

Fig. 3. Composition of the experiment of the inc1ination at 
the inclined station which pitches and rolls. 
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Fig. 4. Measurem巴ntaccuracy by the inclined antenna. 

direction of the three axes at the fixed station. By the way， 

Table 1 shows the standard deviation at the fixed station. 

The standard deviation of 3 axes direction at th巴 inclined

station seems to increase as the gradi巴ntincreases， com. 

pared that of at the fixed station 

Then， since it would be estimated that the number of 

captured satell巾 signalsand PDOP (position dilution of 

pr巴cisionby the satellite location) would change as the 

antenna inclines， the average and the standard deviation 

are shown in Table 2 . According to this table， though 

when the angle of inclination is 10degrees， PDOP is getting 

worse， there is almost no difference between the fixed sta-

tion and the inclined station at different angles. However， 

as Fig. 5 shows， the change of the number of captur巴d

satellite signals by time series was more r巴cognizableat the 

inc1ined station. Along with th巴influenceof Multipass， this 

is also considered as a cause which influences the accuracy 

。f3 axes direction at the inc1ined station目

Though it depends on th巴surroundingenvironment of 

the setting place， it is recognized that when the gradient 

Table 1 • The standard deviation at the fixed station. 

Fixed station o. (10. ) 。.(20. ) O. (30. ) 

x (cm) 0.22 0.29 0.37 

y (cm) 0.28 0.30 0.30 

z (cm) 0.69 0.71 0.84 

) : Angle of inclination of inclined station 
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Table 2. The average and the standard deviation of the number of satellite and PDOP. 

Angle of inclination 10. 20. 30. 

Station 
lnclined Fixed lnclined Fixed lnclined Fixed 
station station station station station station 

Average 1.66 2.07 1.43 1.43 1.35 1.35 
PDOP Standard 

deviation 
0.155 0.232 0.067 0.067 0.058 0.057 

Number Average 7.9 7.9 9.0 9.0 8.6 8.6 
of 

Standard 
satellite 

deviation 
0.95 0.94 0.04 0.04 0.76 0.75 
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Fig. 5. Number of captured satellite signals 

Angle of 

mize the reduction of the measured accuracy caused by the becomes nearly 30degrees， the accuracy is red uced to 

ant巴nnainclination， it is needed a device which makes no about 50% at the x-axis. The accuracy of the z-axis used 

inclination of the antenna itself if the p巴destalsetting on 

the antenna inclines. 

for the measurement of the angle of inclination is reduced 

by only 15% at the gradient of 30degrees. In order to mini. 
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not need to consider the length of the baseline from the re-

N ext， the accuracy of the angle of inclination depends on 

the accuracy of the z elemerit of the relative vector. Then， 

ferenc巴stationonboard 

Characteristics of the measurement 

accuracy of the angle of inclination 

calculated by two inclined stations 

Angle of inclination calculated by 

the static inclined station 

3.2 

3.2.1 
Fig.7 shows an example of the measurement consequence 

to z element at two inclined stations seen in time series. The angle of inclination was calculated using the method 

of Section 2.2. Fig. 6 shows the result of the angle of in- Though this is the case of a gradient of 10 degrees， there 

seems to be the same change of error. However， the cor-clinatiop. which gained from a reference station using equa 

tion (1)， and of the angle of inclination gained by r凶 kin relation coefficient is 0.49， and there is almost no correla-

tion. This is the same as th巴 report')of the result of the one side of the inclined station as reference using equation 

巴xperimentat the fixed station. Accordingly， it would be (2) . 

correct to consider that the errors at each inclined station When the gradient is 0 degree， the difference of the 

ar巴independentmeasurement accuracy of the two inclined stations seen 

Angle of inclination calculated by 

making one side of pitching and 

rolling inclined station as reference 

In Sections 3.1 and 3.2.1， we conducted the basic analy-

3.2‘2 

from the reference station is only O.lcm on the Y -axis， so 

it is safe to say that the two receivers at the inclined sta司

tion have almost the same measurement accuracy. There is 

a tendency that the larger the gradient becomes， the worse 

becomes the measurement accuracy of the angle of inclina-

tion calculated by eq凶 tior sis of the m巴asurementaccuracy when an antenna inclined， 

and clarified the changes in accuracy. In this section， the from about 0.3to 0目5d巴grees.According to the approximate 

angle of inclination was calculated under the state of an curve in the figure， th巴reis almost no difference in the 

antenna repeating inclination periodical1y， then the charac-accuracy under 25degrees of the angle of inc1ination. 

teristics of the measurement accuracy were analyzed Th巴refore，the degree of reduction in accuracy is hardly 

According to the experiment formation in the Fig. 3， an 

example of the results of the experiment is shown in Fig. 

8 (a) and (b). (a) is the angle of i凹 linationcalculated 

from the reference station， and (b) is the angle of inclina-

changed even if the angle of inclination is calculat巴dby 

making one side of the inclined station as reference. 

This means that when calculating the angle of inclination 

onboard， it is not necessary to set up a static reference sta 

tion calculated from one side of the inclined station. These 
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are the results for a period of 10 minutes， and the average 

of one cycie is about 30 seconds. In the result of (b)， the 

that result. The average of the difference is about 0.5 de 

grees， and th巴 standarddeviation is about 0.15 degrees. In 

addition to that， the difference was compared when the 

angle of inclination was under 15 degrees and more than 15 

degrees. That result is shown in Table 4. Only by a little 

inclined station as reference is moving. Therefore， the 

error of (b) was considered larger than that of (a)， then 

we got the difference as (a) as standard. Table 3 shows 
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Table 3. The comparison of the inclination experiment. 

Average 

Standard deviation 

Number 

Max 

0.53。

0.146 0 

3000 

1.97 0 

Table 4 • The comparison of the result of the high angle 
and low angle of inclination. 

|ー15
0

孟A孟1吋Aくー15¥1め A

Average 0.51。 0.54。

Standard deviation 0.138。 0.151。

Number 1477 1523 

Max 1.77。 1.97。

A : Angle of inclination 

though， the smaller the angle of inclination becomes， the 

lesser the difference becomes. Though depending on the 

measurement subject， these results on the accuracy seems 

to be quite enough in quality generally. 

Accordingly， if the angle of inclination is ca1culated by 

making one side of pitching and rolling antenna as refer-

ence， there is no problem for practical purposes. 

4 Conclusions 

To sum up the observations of this experiment， the fol-

lowing statements can b巴made.Here， these are the results 

of the experiment when the distance between the antennas 

is about 1 m and the angle of inc1ination is less than 

30degrees. 

(1) If the antenna inclines about 30degrees， the angle of 

inclination can be ca1culated at a measurement accura-

cy of about 0.5degrees. 

(2) Even if the antenna inclines， there is almost no influ-

ence on the number of captured satellite signals and 

PDOP. 

(3) The inclination of the antenna becomes a cause of the 

r巴ductionof the measurement accuracy， but the degree 

of the accuracy reduction to the z element， which is 

needed for the measurement of the angle of inclination， 

becomes about 15% at a gradient of 30degrees， which 

is less than that of the x and y element. 

(4) In order to increase the measurement accuracy， th巴re

should be a device which does not incline the antenna 

even if the pedestal setting on the antenna inclines. 

(5) The angle of inclination ca1culated by making one side 

of the inclined station as reference has hardly changed 

with the degree of reduction of the measurement 

accuracy of the angle of inclination calculated by data 

of the reference station. 

(6) Even if the angle of inclination is ca1culated by making 

one side of pitching and rolling antenna as the refer-

ence， there is almost no influence on the measurement 

accuracy. However， further analyses are needed with 

more rapid cyclical oscillations. 

Hereafter， when conducting a pitching and rolling ex-

periment， we are considering to inv巴stigate the 

measurement accuracy making a device which can set up 

the cycle and the angle of inclination that is mechanically 

and precisely operated 
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キネマティックGPSアンテナの傾斜による測定精度特性について

奥田邦晴・南憲吏・本村紘治郎・井上悟・酒出昌寿

KGPSは約 2cmの精度で、測定することができる。 KGPSによる測定は多くの利点があるので，その利

用範囲は広まりつつある。移動体の傾斜角度を求めることもその利用方法の一つである。 KGPSによっ

て船体の傾斜角度を高精度で簡単に測定することができれば，水産分野への応用が考えられる。そのた

めには， KGPSによる傾斜角度の測定精度を明らかにして把握する必要がある。

本論では，移動体が傾斜するとき， KGPSのアンテナも傾斜するので，アンテナ傾斜による測定精度

について解析を行った。 また，動揺するアンテナを基準として計算した傾斜角度についても解析した。

その結果，傾斜角度に対する測定精度とその劣化精度を明らかにすることができ，移動体での測定が

有効で、あることが分かつた。


