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2YHUYLHZ

n (XURIL[�V\VWHP�RYHUYLHZ�DQG�GDWDOLQN�FRQFHSW
n ,QWHJUDWLQJ�/RUDQ�(XURIL[�*36
n 5HFHQW�GHYHORSPHQWV�LQ�(XURIL[

n ,QVWDOODWLRQ�RI�'*36�HTXLSPHQW�RQ���VWDWLRQV
n ,QVWDOODWLRQ�RI�,QWHJULW\�0RQLWRULQJ�RQ���VWDWLRQV
n 'HYHORSPHQW�RI�UHFHLYHUV

n (XURSHDQ�SURMHFWV�XQGHUZD\
n &RQFOXVLRQV
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6\VWHP�2YHUYLHZ
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(XURIL[�VHUYLFH

n ��P�������/RFDO�$UHD�'*36�VHUYLFH
n /��FRGH�FRUUHFWLRQV

n *36�LQWHJULW\�VHUYLFH
n /DUJH�FRYHUDJH�DUHD��������NP�SHU�VWDWLRQ�
n 8VHV�H[LVWLQJ�/RUDQ�&�LQIUDVWUXFWXUH
n &RVW�HIIHFWLYH�LPSOHPHQWDWLRQ
n 0XOWL�VWDWLRQ�'*36�LPSURYHV�DFFXUDF\�
DYDLODELOLW\�DQG�LQWHJULW\�RI�VHUYLFH
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(XURIL[�/RUDQ�&�GDWDFKDQQHO

n $GGLWLRQDO�PRGXODWLRQ�VKDOO�QRW�GHWHULRUDWH
/RUDQ�&�QDYLJDWLRQ

n (XURIL[�PHVVDJHV�KDYH�WR�EH�IXOO\�57&0
FRPSDWLEOH

&KRVHQ�GDWDOLQN�
n /RUDQ�3XOVH�3RVLWLRQ�0RGXODWLRQ�UHVXOWV�LQ
���ESV�GDWDOLQN

n 6WURQJ�)RUZDUG�(UURU�&RUUHFWLRQ�HQVXUHV
UREXVWQHVV�RI�GDWDOLQN�VHUYLFH
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/RUDQ�&�VLJQDO�IRUPDW

Master MasterSecondary 1 Secondary 2

Group Repetition Interval

n ����N+]�FDUULHU
n ����µV�SXOVH�HQYHORSHV
n ��SXOVHV�SHU�*5,�SHU

VWDWLRQ
n *5,�EHWZHHQ����DQG

����PV
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'LJLWL]HG�5)��PRELOH�UHFRUGLQJ
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/RUDQ�&�WUDQVPLWWHU

n ����N+]�/RUDQ�&
VLJQDO

n $QWHQQD�PDVW�����P
n $SSUR[LPDWHO\

������NP�UDQJH
n $XWRPDWLF�VWDWLRQV

ZLWK�EDFN�XS�SRZHU
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/RUDQ�&�WUDQVPLWWHU

n ����N:�WUDQVPLWWHUV
n 87&�FRQWUROOHG�/RUDQ�&�WUDQVPLVVLRQV
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(XURIL[�&RYHUDJH���)HDVLELOLW\�3KDVH
%¡��9 UODQGHW��6\OW�	�/HVVD\

Sylt

Coverage range:
appr. 1,000 km
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3URMHFWHG�1(/6�FRYHUDJH



lftArthur Helwig 12

(XURIL[�/$'*36�SHUIRUPDQFH
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*166
n 8OWUD�+LJK�)UHTXHQF\��ORZ�SRZHU
n 6DWHOOLWH�EDVHG
n /LQH�RI�VLJKW�SURSDJDWLRQ��PXOWLSDWK��VKDGRZLQJ�
n *OREDO�FRYHUDJH

/RUDQ�&
n /RZ�)UHTXHQF\��KLJK�SRZHU
n *URXQG�EDVHG
n *URXQGZDYH�DQG�6N\ZDYH�SURSDJDWLRQ
n 1R�JOREDO�FRYHUDJH
n *RRG�XUEDQ�SHQHWUDWLRQ

*166�DQG�/RUDQ�&�V\VWHP�FKDUDFWHULVWLFV
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*36�YV��/RUDQ�SRVLWLRQLQJ

GPS

LORAN

n *36��6$� ����P
n *36��1R�6$� ���P
n '*36 ��P
n /RUDQ�& ����P
n &DOLEUDWHG
/RUDQ�& ������P

)URP�
³7KH�&DVH�IRU�/RUDQ´
-XO\��6HSWHPEHU�HGLWLRQ
RI�-RXUQDO�RI�$LU�7UDIILF
&RQWURO
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/RUDQ�&�DV�D�%DFN�XS�IRU
*36�3RVLWLRQLQJ

n /RUDQ�&�LV�D�IXOO\�LQGHSHQGHQW��WHUUHVWULDO
SRVLWLRQLQJ�V\VWHP

n 1HZ�UHFHLYHU�WHFKQRORJ\��/RFXV��VKRZV�WKDW�D
/RUDQ�&�5HSHDWDEOH�$FFXUDF\�RI���PHWHUV�LV
SRVVLEOH

n :KHQ�/RUDQ�&�UDQJHV�DUH�FDOLEUDWHG�XVLQJ�'*36
ZKLOH�VWLOO�DYDLODEOH��/RUDQ�&¶V�UHSHDWDEOH
DFFXUDF\�EHFRPHV�WKH�DEVROXWH�DFFXUDF\

n /RUDQ�&�(XURIL[�HQDEOHV�DFFXUDWH�SRVLWLRQLQJ�LQ
PRPHQWV�ZKHQ�*36�QRW�DYDLODEOH
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Number of Satellites
GPS

Loran-C 0 1 2 3 4 5+

0 - - - 2D 3D 2 3D
Integrity

1 - - - 2D 3D 2 3D
Integrity

2 - - 2D 3D 2 3D
Integrity

3D
Integrity

3 2D 2D 3D 2 3D
Integrity

3D
Integrity

3D
Integrity
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4+ 2D 1

Integrity
2D 1

Integrity
3D

Integrity
3D

Integrity
3D

Integrity
3D

Integrity

  1 Loran-C is not suitable for altitude determination.
  2 3D or 2D + Integrity.

 From “The Potential of Hybrid GPS/LORAN-C Receivers”, dr. D. Kügler, ILA ’97

*166�DQG�/RUDQ�&�LQWHJUDWHG�SRVLWLRQLQJ
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5HFHQW�GHYHORSPHQWV
,QVWDOODWLRQ�DW���VWDWLRQV

n 5HIHUHQFH�VWDWLRQ
n 3&
n 1RYDWHO�*36�5[
n &RQQHFWLRQ�WR�/RUDQ�7LPHU
n 0RGHP�IRU�UHPRWH
PRQLWRULQJ�PDLQWHQDQFH

n ,QWHJULW\�0RQLWRU
n 3&
n 1RYDWHO�*36�5[
n (XURIL[�GDWDOLQN�5;
n ,QWHJULW\�IHHGEDFN�WR
5HIHUHQFH�6WDWLRQ
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1(/6�*DXVV�,QLWLDWLYH

n ,78�VWDQGDUG��GHVFULELQJ�(XURIL[�PRGXODWLRQ
DQG�FRGLQJ�VFKHPH��LV�UHDG\�IRU�DSSURYDO
n ,78�5�0������
n &R�RUGLQDWLRQ�ZLWK�57&0�(XURIL[�VXEJURXS
n ���SRVVLEOH�PHVVDJH�W\SHV����FXUUHQWO\�XVHG

n '*36
n '*/21$66
n 6KRUW�7H[W�PHVVDJH

n 1HZ�PHVVDJHV�«�"

n ,(&�DQG�,02�VWDQGDUGLVDWLRQ�LV�XQGHUZD\
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5HFHLYHU�GHYHORSPHQW

&RPSDQLHV�GHYHORSLQJ�(XURIL[�GDWDOLQN�UHFHLYHUV
$YDLODEOH�

n 5HHOHNWURQLND�%9��1HWKHUODQGV� (5;����'�
n /RFXV�,QF���86$� 6DW0DWH

8QGHU�GHYHORSPHQW�
n 9L&RQ�(QJLQHHULQJ��*HUPDQ\� 0LQLDWXUH�

UHFHLYHU
n 'LJLQH[W��)UDQFH�
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(5;����'��UHFHLYHU

10 cm
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(5;����'��ZLWK�+�ILHOG�DQWHQQD
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(XURSHDQ�1DYLJDWLRQ�SURMHFWV

n /RUDQ�&�(XURIL[�UHODWHG
n ()3 (XURIL[�)HDVLELOLW\�3KDVH��

LQVWDOODWLRQ�RI�(XURIL[�RQ���1(/6�
/RUDQ�&�WUDQVPLWWHUV
KWWS���ZZZ�QHOV�RUJ
KWWS���ZZZ�UHHOHNWURQLND�QO

n 'LVF�,, /RUDQ�&�(XURIL[�UHFHLYHU�FRQFHSW�
GHYHORSPHQW

n (852/2* 0LQLDWXULVDWLRQ�RI�/RUDQ�&�(XURIL[�
UHFHLYHUV

n 7$&,6 7HFKQLFDO�$VVLVWDQFH�IRU�&,6�
FRXQWULHV���(VWDEOLVKPHQW�RI�D�MRLQW�
/RUDQ�&�&KD\ND�QDYLJDWLRQ�V\VWHP�LQ�
VRXWKHUQ�(XURSH
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(XURSHDQ�1DYLJDWLRQ�SURMHFWV

n ,QWHJUDWHG�1DYLJDWLRQ
n /25(* /25$1�(XURIL[�(*126�7HVW�	�

9DOLGDWLRQ�3URJUDPPH
KWWS���ZZZ�WHOHPDWLFD�GH�ORUHJ�
6WDUWHG�0D\�����

n */25,$ *166�	�/2UDQ�&�IRU�5RDG�DQG�
5D,O�$SSOLFDWLRQV
KWWS���ZZZ�HX�JORULD�RUJ�
6WDUWHG�6HSWHPEHU�����
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&RQFOXVLRQV

n (XURIL[�GHYHORSHG�E\�78�'HOIW�LV�FXUUHQWO\
EHLQJ�GHSOR\HG�LQ�(XURSH��1(/6�

n (XURSHDQ�&RPPLVVLRQ�VXSSRUWV�SURMHFWV�IRU
LQWHJUDWHG�QDYLJDWLRQ�LQ�ZKLFK�/RUDQ�(XURIL[
LV�D�FRPSRQHQW

n (XURIL[�UHFHLYHUV�DUH�FRPPHUFLDOO\�DYDLODEOH
n (XURIL[�GDWD�PRGXODWLRQ�DQG�WUDQVPLVVLRQ
IRUPDW�LV�EHLQJ�VWDQGDUGLVHG�E\�,78�DQG
57&0��,(&�DQG�,02�XQGHUZD\

n 1XPEHU�RI�SURMHFWV�DUH�JRLQJ�WR�HYDOXDWH
LQWHJUDWHG�*166�/RUDQ�(XURIL[�SHUIRUPDQFH
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0RUH�LQIRUPDWLRQ

$UWKXU�+HOZLJ
78�'HOIW���(OHNWURWHFKQLHN
��������������
$�+HOZLJ#,76�78'HOIW�QO

$�+HOZLJ#UHHOHNWURQLND�QO

*HUDUG�2IIHUPDQV
5HHOHNWURQLND�EY
�������������
*�2IIHUPDQV#UHHOHNWURQLND�QO

3URI��'XUN�YDQ�:LOOLJHQ
5HHOHNWURQLND�EY
��������������
'�YDQ:LOOLJHQ#UHHOHNWURQLND�QO
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%DFNXS

%DFNXS�DQG�%DFNJURXQG�6OLGHV
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5$$6�&RQFHSW
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(XURSHDQ�5$$6�([SHULPHQW����

Kosg

Madr

Mate

Graz

Baselines approx. 1,500 km
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(XURIL[�5$$6�3RVLWLRQLQJ�5HVXOWV

Madr

Kosg

Mate

Baselines ± 1,500 km
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(XURIL[�0HVVDJH�)RUPDW

Function Number of bits Resolution Range

Message type 3 8 types of messages

Modified Z-count 13 0.6 seconds 0 - 3599.4

Scale factor 1

UDRE 2 4 states

Satellite ID 5 32 satellites

Pseudo-Range Correction 16 0.02 or 0.32 m ±655.34 or ±10,485.44 m

Range Rate Correction 8 0.002 or 0.032 m/s ±0.254 or 4.064 m/s

Issue of Data 8

Total: 56

n )XOO�57&0�6&����W\SH���FRPSDWLEOH
n 6WDWLRQ�,'�WKURXJK�/RUDQ�&�6WDWLRQ�,GHQWLILFDWLRQ
n 57&0�SDULW\�UHSODFHG�E\�(XURIL[�)(&
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,QWHJUDWHG�1DYLJDWLRQ�FRQFHSW

Sensor 1

Sensor 2

Sensor n

Compute

Position
Velocity
Integrity

Database

Compute

Heading
Altitude
Velocity

Helmsman
Autopilot

Navigation
Plan

Datalink 1

Sensors Positioning Navigation & Guidance

Datalink m
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1(/6�(XURIL[�)HDVLELOLW\�3KDVH

n 1(/6�KDV�LQLWLDWHG�D�IHDVLELOLW\�SKDVH�LQ�ZKLFK
��WUDQVPLWWHUV�DUH�XSJUDGHG�ZLWK�(XURIL[
WHFKQRORJ\

n 5HIHUHQFH�6WDWLRQV�RQ�DLU�VLQFH�ODVW�VXPPHU
n 2Q�VLWH�,QWHJULW\�0RQLWRULQJ�LV�FXUUHQWO\�EHLQJ
DGGHG
n 'DWDOLQN�LQWHJULW\
n 3VHXGRUDQJH�LQWHJULW\
n 3RVLWLRQ�LQWHJULW\


