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Abstract

The useof GNSS receivers for precise location is particularly widespread in engineering
applications as well as in dag-day activities, such as in car navigation systems. As a result
there is a wide range of receivers with varioeigtéires and capabilities that are suitdble
differenttasks. This creates the need to test mainly theclast receivers so the user is aware
of their capabilities.

A GNSS receiver consists of two parts, the main receiver and the antenna that isgebeivi
signals from the satellites. The antenna can be either internal or external to the receiver and
can be of geodetic or navigation type. The main features of a GNSS antenna are the phase
center of the antenna, phase center deviation, phase centge clpahbynomial error and

noise. Therefore, it is important fmd the real phase center of the antenna this is the point
measured and is different from the receiver reference point.

The purpose of this diploma thesis was to conduct antenna testing agctrdhe relative
calibration technige. Measurements were made usfivg different types of receiver, of
geodetic type and navigation type that can also be used in survapiplgations.
Specifically, thetwo navigation receivers are Ublox, they malse wf one frequency and

their types are ublox 6 LEAT with its own antenna and ublox 7 NEAB with Tallysman
TW2410 antenna. The geodetic receivers were two Trimble 5800 (one was used as the
reference receiver), a Leica 1200 receiver and a Javad Triufgh.experiments were
performed at the roof top of the Lambadarion building in NTUA.

Data collection was performed simultaneously for all five receivers with a Trimble 5800
being the reference receiver. This receiver type has published calibration passagatast

the standard Choke Ring Dorne Margolin antenna. Two free software RTKLIB and
ANTTOOL were used to process the data. The results showed that the antenna phase error for
the geodetic receiver is smaller than the Ublox antenna as expected, wéhahealue

raging from 0.2 cm (for the geodetic antennas) to 15 cm (for the navigation antennas).
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Offset (m)

Offset (im)

Zephyr Geodetic L1 phase center offsets
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Zephyr Geodetic L2 phase center offsets
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b‘;y'Us sU 30 o2a3U0s UgUf 30 3 gdestlUeisz GxaU
UsoahsU 3 1 (Ua30U0Us Us BRIKRA/bd)Y ) did Ysdlg J ysc Ued gU ol

RTKNAVI ver.2.4.2
2 00:00:00.0 GPST| I | EEE! ofL|
Solution: ;
| N: 0° 00" 00.0000" 30
E: 0° 00" 00.0000"
He: 0.000 m 50
N: 0:000 E: 0.000 U: 0.000 m ‘f‘
K= )
2
‘ Plot... || Options... Bt |l

n' < ABUpwdg; e 295U RIMAVIUG U} e e o e

RTKPOST ¢ 6} diosehUdqUU UgUe Udd UOGUyecgoed UasU
U Uegd UyaUUd oaY¥3e3UUd GecUUsoafh UsUs sitceh.
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|[] Time Start (GPST) 7 [T] Time End (GPST) ? [#]1nterval [ |unit
2000/01/01 |==(00:00:00 |== [2000/01/01 [==00:00:00 [== 0 v's |24
| RINEX OBS: Rover ?
C:\Users\user\Desktop \ublox-trimble \BASE. 170 v E]
RINEX OBS: Base Station [N S|
C:\Users\user\Desktop\Metriseis Diplwmatikis\UBlox 6\COM11_070510_083102_Ul B
RINEX *NAV/CLK, SP3, IONEX or SBS/EMS BEEA
C:\Users\user\Desktop\Metriseis Diplwmatikis\UBlox 6\COM11_070510_083102_Ul E]
v [os)
v [
i Solution [¥] Dir C:\Users\user\Desktop E]
C:\Users\user\Desktop\BASE.pos v [B
Plot To KML.. Ophons Execube
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yUls oUs aU UgUe, ﬁﬁﬂwgmwwquwu¢wgqumw&g &
Uy cUaeg aUs U sayoU0UUs aUs d dyidd “~eg dU Ueid
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, RTCM, RCV RAW or RINEX OBS  ?
C:\Users\user\Desktop\tbc rinex\0157trimble. 17n v B E]
Output Directory Format
|[¥] C:\Users\user\Desktop\diplomatiki nikos\metrhseis gps\tbc\tbc 1 B RINEX v
RINEX OBS/NAV/GNAV/HNAV/QNAV/LNAY and SBS
|[¥] C:\Users\user\Desktop \diplomatiki nikos\metrhseis gps\tbc\tbe rinex\rinex 2.1} B
|[¥] C:\Users\user \Desktop \diplomatiki nikos\metrhseis gps\tbc\tbe rinex\rinex 2.1} E [Z]
\user\Desktop\diplomatiki nikos\metrhseis gps\tbc\tbe rinexrinex 2.1Y| I ...
er\Desktop\diplomatiki nikos\metrhseis gps\tbc\tbc rinex\rinex 2.1}
ers\user\Desktop'\diplomatiki nikos\metrhseis gpsitbc\tbe rinexrinex 2.1Y| (I 1...

er \Desktop\diplomatiki nikos\metrhseis gps\tbc\tbc rinex\rinex 2.1Y| CJ

C:\Users\user\Desktop'\diplomatiki nikos\metrhseis gps\tbc\tbe rinex\rinex 2.1Y| (1 |...
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2 40
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FE
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(2008) Us 6 6as UasUs UaUi dUye. EBUds e6glalU
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multipathUs g Gee UUe d ocddemullipath casrierpreseroultijaty , UGdeaUle
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£ 6 } RIBEX (observatione UmavigationUj ¢ Ua U) . ANgT®BIeey” cieUa 3 U bt G

GeUUsoa¥Y UsUoy YeeUUU o050 UgUY UU cUj; UaUdystUs
@i 8 UasUs s bUGsoydantesbdBe ¢gpo daptfiiat } Ue ¢ Uy oy Ue

Antest

jgUh Ue "y hoypUeelU g easoaslUs UUI G UGdwdd ) ol Uy
iyoUd U3Uue;Yg ZU UgUf "3y Us 6 cjealUdd s3U
Ue U}GUGG "Uy UU0eydadd Ueg uUyaUd, Ue UjcUas
U;GUGG 'aeeodudg’ (UaUU Usg U3U0UUUsheglis 8 g

U eaUUayGeUUU Uy saUeb¥segas ~adjelieyald osU
dydd Ueg Usd ¢ Ubhutipattedpsd) &@EUddeafUs Ude Usg ot U5 :
"3 Aoy UeelU e 63 Ua 30U Ut GU0amatliecU®B pvya@ Upelesc U
MATLAB aUs yecUs fHaU UU GUesecUaU "6g g eahostU
UjcauoBe. 8  cae 6) dlseas 8s5UalUUs 295U 3U o2a3a6g3
e 63 Ua 30U Us U says3Us 6 cjealdd. | odEds3Uyy’
e 63 Ua 30 UU by Us Us "~} HoypUeeU aUs 30 UU usdU
gU; UayYUxy tGa3U0UUs y3lAntestls;UYiIUUJ@Rm:Ewam;UequJUUGgec
UGeyeia GUes3s UsroverOshg Bac Uy 8 dJowmayligd Ued s

“"aeevodldd) oaUs (bé]seobséﬁknslér@@.UsUue;Yg’
] 3 6)Jduoseeg 8addUa GUs3 Uz Uecae Usthueg Ues Uy U
>> antest rover.obs base.obs rover.nav

ghUU Us U gUyaU0GcU dU Uaanpmmmagfpddy gUj; BadJaaey 5 gL
ysetled Ue g '”;veo;”YssU'[betgi]hé!}ﬂqdi:ém@’ﬁmi@lsﬁ@@@ ”lﬁJ@B
Uhueg UGas3e3UUd Ue hHh3ee¥Y Usg. @dasUle U Uds
>> antestrover.obsbaseobsrovernav i outonomamat

K 900y y(UmatleoYecWalbe U sdgedUh Hsaee U, U3t

>> antest rover.obs base.obs rover.iawut onoma.out

U0 Gt GU0s vd U ¢ oueald @) G3sWe aly as Upsse € U.

Uy eUaU UasUs GU a¥Y¥ 6se (GYaUas URUU osal
a aUUY Uds UsUeseae Uslhusg, UuUdeaUle d Us
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>>antesf) 3 6 ¢ U (raverghbehesgs ¢ U (bbseopshie @ ¢ U (i rovennar oyt
onomaout

}funccion antest (varargin)

[ e O LI S O R

n' ¢ AB8Upwdg; e U saso13 U amgsidd €U Ue ) fz

B Uy 6d g 8acosleasi UgUits Uxs ~UyTomoj Uy v3 |
Takasu(2008).

Antplot

g antplot ayvYsUs Ud GeUlaUGd Urys U gUUaU0G¢e ¥
Uys GUesscUavys Udd oaUj; UaUd GU GeylGd eule Us 6}y
cyjetlUdd € 63 Ua 30U usUayaUs 696 cWUaVo jgeUsg Wad |
Us U eddeaUi GUs GUs UsafhsU. ¢ U sesoe Usg U:
93 UG UOMATLARDgl s Uantglet U3t 3y Us 3U UedUa oaUs U
aYdU UsyYoj UeelU wyeUs Ud Usee Uesg eUBmeWladU o=

GoUoy YeeUUU "~ @gg amploejUdam =0 WoedUssBe UGalUd Uesgc
1. ipcvs ¢d e€UUUbeae Usg oyskyglosg Gyadd Udd o Uy
2. ipcve ¢d eUUUbeoae Uesg oy3Uyaeg GYaGdd Udd o

UyeOUUs Us GeeU
3. ipmpt mdltpathUs g GeeUUed U Geyld €U Us3s ) h3

4. ipmpe ¢naltipathUeg GeeUUesd GU Geyadd eU Ud ovs3
(elevationangle

5 ipmps wudtipathUs g CGeesskyplad G U

6. icmpt #gudtipathUsg a1t UsaU GU Geyld U Us 6} h3a
7. icmpe mudtipathUs glisa U aU Geyld €U Ud ov3aU 8 g

8. icmps udtipathUs g ot gkgpotU G U
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ahoe Udd s0cieadg Uesg GesUUsd ~¥d

9. Tsnre %G 3
iyeUUUs Ue GeeU

e g
10.isnrs ¢63 afhoe Udd os0cied Uesskypldtese UUsd ~¥d

¢ 64 eltaptplddleaglU Ud GeUtaUGd UgUis Uxs UsUoy Uece
Us Ucayd:

>>antploth3ee U Oyte Uacg.

zU UgUfps Ues Ujfh 8 dU UelGUszsUUa Us "1 Ues U
Gyiddd Ud shpiptUawd UeolUdeli@dieyataUoaUGUUa ¢ U
Yoasg. 05U 30U UetUs3s0U0UU0Ua usUlGey UUsah uUsYoy U
UsUsae e¢U eal Ui a0 ;93 U H UgUR

GsU "~ Uy ¥yYiuUsoeU, ;eeUssysegmualtlplathUegaUBUUUng i
deyald Ues )3 hae, UsahaU 3.8) d UsUsae yy Us

>>antploth 3 ¢ ¢ U Oyt phipt e g .

o

¢U USUO;YSSUUU "86g GeUlUsYesea3UUs U K UglUh Us
Usathg’ EUGMATLlABYdsgg; 8 UdglisYes UUUs Ues UosYo)
U e@me o050 U edealUgdd H 6g € 63 Ua 30U U sals0

UgUR GUe3 g easoasltUe.

lfunccicn h=antplot (varargin)

W - o W N

n' < 88BUpwdgs e U seasorantplélUes “~j oy UeeU
U} Ua¥YUy (GUas3e630Us ~U; Ut UanpletUUU Uxs U sUU0a00

nterma Phase Center Offset/Variat;

Elevation Argl (+)

0 30 60 90 120 150 180 210 240 270 300 330 360
Aziruth Angle (%) (ox)

|||||||||||||||||||||||
-3 -2 -1 o 1 2 s

n' ¢ 38200Ubsae oay3Ujeg fcy)pbwd (TAkhsh, 2608); Ua Ud (
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Canrier Power To Noise Density (C/NO) :
T T T

C/N0 (dBHz)
&

w
=3

1) S

20

o 1‘5 3iU E]ﬁvano:iwe o 6IU 7‘5 90
n' < A0z Udd®beae Usg oafRoeg Usg CMNOSmseyTakagu, "} e d Us
2008)

3 yvyeUs d
aUsUsgy) oa
UsUaGUsosac

gsUUhLLbQL)aUY‘ GGSGLJ;g’eueLquqoasu.g’ 0 od)eliaey)
UgUt s U~xs MATHAB bessUvnniests U aantiidi ¢ 3 UU ¢

Cc Ce

>>help antest

>>help antplot

3.4F g 3 Y} WUMATLAB

K Uste UU

JieeysU “"6g YMATLABIU 3R Wg dédsoselis
ANTTOOL UGey 8i GUs “6eaY UjecUaU oaUs dq uUsUusalU
U Us¥Yadyd “eeat 3 UszUsal 3 Us&hﬂeg, idesasgy) oed

Ui 3d0dq L’qu U'eueUsahuquug qu LP;udJLdiLg’Gl:BdJ UEUao[a»s
Us dU oantedies Lhmbtotoeu UU U;GUGU "8g yeUs @6jatl

e 63 Ua 6 6yealdd 30U oaY¥3Us e9o03yd UasaUoyd o9
Uasegrestelamtplot ¢ U sasoe Udd Uebwg0addiedy)
aYag UU Usd Us¥yYoalUd Udd " Uyei GUd Uy oU0UGaUd o

299U hasgd.
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TW2410/TW2412 Magnet Mount GPS/GLONASS Antenna

Specifications vce - 3v, over full bandwidth, T=25°C

Antenna

Architecture

1 dB Bandwidth

Antenna Gain (with 100mm ground plane)
Axial Ratio (for both L1 and G1) @zenith

Electrical

Architecture

Filtered LNA Frequency Bandwidth

Polarization

LNA Gain

Gain flatness

Out-of-Band Rejection <1500 MHz
<1550 MHz
>1640 MHz

VSWR (at LNA output)

Noise Figure

Supply Voltage Range (over coaxial cable)

Supply Current

ESD Circuit Protection

Mechanicals & Environmental
Mechanical Size

Cable

Operating Temp. Range

Enclosure

Weight

Attachment Method

Environmental

Shock

Vibration

Dual, Quadrature Feeds
32 MHz

4.25 dBic

<1dB

One LNA per feed line, mid section SAW filter
1574 to 1606 MHz

RHCP

28 dB min,, 1575.42 to 1606 MHz

+/-2dB, 1575 to 1605 MHz

>32 dB (TW2410) >50dB (TW2412)
25 dB (TW2410) >50 dB (TW2412)
>35 dB (TW2410) >70 dB (TW2412)

<1.5:1 typ 1.8:1 max

1.5dB typ. (TW2410) 3.5dBtyp. (TW2412)

+2.5 to 16 VDC nominal (12VDC recommended maximum)
15 mA typ, 25mA Q max (85°C).

15 KV air discharge

57 mmdia.x 15mmH

RG174 / 5 metres, other lengths optional

-40 to +85 °C

Radome: EXL9330, Base: Zamak white metal
110¢g

Magnet or permanent (pre-tapped 4 x 6-32 UNC)
IP67 and RoHS compliant

Vertical axis: 50 G, other axes: 30 G

3 axis, sweep = 15 min, 10 to 200 Hz sweep: 3 G
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Carrier Phase IMultipath : Leica
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Carrier Phase Ivlultipath : ublox8
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