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1. INTRODUCTION 

1.1. Scope  
This document will provide in-depth information on the technical aspect of KSAT systems. It covers 
both the stations on Svalbard and Tromsø, the antenna in Grimstad, and will introduce the Troll 
Station in Antarctica. It will explain how the technical structure of the ground stations and introduce 
the SW/HW architecture. 

1.2. Reference Docum ent s 
KSAT Ground Station Services Description 
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2. K SAT ARCHITECTURE 

2.1. Overvi ew 
Since our first antenna at Svalsat was installed in 1997, KSAT has installed 5 new antenna systems. A 
new back-end philosophy with multi-mission equipment in place makes our ground station able to 
serve the majority of satellite missions.  

2.1.1. Svalbard Ground Stat ion 

The extreme northern location on the Svalbard archipelago, at 78º13' N, gives SvalSat its unique and 
favorable position. The satellite coverage at this latitude holds unique opportunities and SvalSat is the 
only commercial ground station in the world able to provide all-orbit-support to owners and operators 
of polar orbiting satellites. This means: 
 

·  Global data dump for every orbit at one single site for Earth Observation satellites 
·  Telemetry Tracking and Command (TT&C) on every orbit from one single ground station 
·  A unique site for LEOP and sounding rocket supports 
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2.1.2. Tromsø Ground Stat ion 

Earth Observation activities are the main focus at the ground station in Tromsø. These activities 
include downloading, processing, analysis, disseminating and storing of data for near real-time and 
off-line Earth Observation products and monitoring services.  
 
Furthermore, the ground station in Tromsø also operates a Local User Terminal as a part of the 
international search and rescue program, COSPAS/SARSAT. This service supplies national rescue 
authorities with life-saving information and entails a highly reliable round-the-clock operation. 
 
The head quarter of KSAT is located in Tromsø.  
 
2.1.3. Troll Ground Stat ion 

The need for frequent contact for both data dump and TT&C and the fact the Norwegian Polar 
Institute (NPI) are building a permanent manned research station in Antarctica, made the installation 
of a new complete S-and X-band station possible. Broadband communication on C-band via GEO-
Satellites was ready in of January 2005. 1st quarter of 2006 a new 7,3-meter antenna is planned to be 
operational. The antenna system will be controlled by KSAT, and interface to customers will be to 
TNOC, as of today. Located at 72°S and 2°E both Launchers and satellite operators will benefit from 
the use of this station. 

Communication capacity from Troll will be further extended. In simultaneous installations, both the 
new telecommunication antenna and the LEO antenna will complete the installation in March 2006. 

When the new communication antenna is ready, the capacity from Troll will be 110Mbit/s. The 
110Mbit comes from 2X45Mbit on the new antenna and 20 Mbit on the first system. Both antennas 
operates on C-band, and will be able to reach GEO satellites From 10°E through 0 then 320°E. 

 

2.1.4. The Gr imstad antenna 

In Grimstad in the South of Norway a 3,3 meter antenna was installed during spring 2005.  

This antenna enables KSAT’s coverage to reach further south to include areas from the Southern 
English Channel, to the Mediterranean Sea. With this extended coverage, KSAT expands its oil spill 
and ship detection service area outside the existing Tromsø station footprint. 

The antenna is remote controlled by the control centre in Tromsø. After every down link from a 
satellite, the raw data will be sent via broadband to Tromsø for further processing and analysis.  
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2.1.5. Tromsø Network  Operat ions Centre (TNOC). 

TNOC serves customers using the services provided from SG2, SG3, SG4 and will also serve 
the Troll antenna. TNOC is located in Tromsø. Monitor and Control of the mentioned 
antennas, as well as voice contact with customers in real-time. All the services at TNOC are 
available round-the-clock every day.  
 

 
4: TNOC – the operational interface for all KSAT customers 

 
 
 

Station Monitor  &  

·  

During pass reports ·  
Post pass reports 

Tromsø Network Operations 
Centre (TNOC) 

KSAT 

SvalSat 
·  Data Acquisition 

services 
 
 

Customer  Mission 
Control Centre 

High Rate Data Distribution 
(if requested) – optical fibre 
solution  

Scheduling Comm 
·    Schedule Requests 
·    Schedule 

Confirmation 

Control Data 

Legend: 

Real-time Telecommand 
and Telemetry Data 

 
 
    Figure 3  
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2.1.6. Tromsø Ear th  Observat ion Centre (TEOS) 

TEOS serves customers using the TG1 and TG2 antenna systems. Both TG1 and TG2 are 
full-motion antennas with uplink in S-band and a full L-S- and X-band downlink capacity. 
The relative high latitude of the Tromsø Station enables TEOS to provide images from 10 of 
14 orbits, during normal conditions. TEOS is co-located with TNOC, and TEOS is manned 
round-the-clock every day. TEOS can deliver images from the below mentioned satellites and 
instruments in near-real time. Given the fact that KSAT owns and operates the Svalbard 
antennas, and the optical high-speed cable enables TEOS to process images from every orbit 
of the mentioned satellites if a situation occurs that requires such a frequent processing. 
 
Near real time processing and distribution of various products from satellites with 
SAR(RadarSat-1, ERS-2), ASAR(EnviSat), Optical and AVHRR instruments, give our clients 
images such as:  
 Oil spill monitoring 
 Ship detection 
 Ice Mapping 
 Meteorological data 
 
 
2.2. Schedule In t er face 
Presently, the scheduling system is an analogue system. Operators at TNOC receive schedules from 
customers and will schedule the different antenna systems manually.  

During the end of 2005, the new scheduling system will be ready. The new system will detect 
customers by ID, select antenna system based upon the support requested, and it is intended to do 
conflict resolution. The interface for customers is still TBD, but the goal is that all KSAT customers 
interface to TNOC using the same tool. 

 

2.3. Rem ot e Cont rol  
The antennas at SvalSat are remotely controlled from TNOC. TNOC is manned 24/7, as the station at 
Svalsat is. Installation of the fully redundant fiber (see section about communication) makes the 
remote control safe and cost efficient. All the operations are secured due to the redundant control 
installed at the control room at Svalsat. This capability is added to the control system if the fiber link 
should malfunction for reasons unknown. 

 

2.4. SAR Processing 

2.4.1. Radarsat  I 

Services offered by KSAT are: 

Order handling and Production planning 

CSA order desk communication. 

Archiving of raw data. 

Near Real Time Processing, Analysis and distribution of products 

Off-line Processing from archive and distribution of products. 
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Products: 

The SAR processor supports processing of the following products: 
 

·  RAW product (RAW) 
·  SAR Georeferenced Fine Resolution (SGF) 
·  SAR Georeferenced Coarse Resolution (SGC) 
·  ScanSAR Narrow Beam (SCN) 
·  ScanSAR Wide Beam (SCW) 
·  ScanSAR Narrow Beam 16 bit(SCN-16) 
·  ScanSAR Wide Beam 16 bit (SCW-16) 
·  ScanSAR RAW product (RAW SCANSAR) 
·  Single Look Complex (SLC) 
·  SAR Systematically Geocoded (SSG) 

 
 
The RADARSAT-1 satellite was designed with seven SAR imaging options, or beam modes. Each 
beam mode offers a different areal coverage (from ~50 km x 50 km/scene to ~500 km x 500 
km/scene) and resolution (from 8 m to 100 m). The RADARSAT instrument also offers a 
range of incidence angles from 10° - 59° allowing you to choose from a selection of beam positions 
within each beam mode.  Radarsat transmits and receives in a horizontal orientation ( HH 
polarization). 
 

2.4.2. Envisat  

Services offered by KSAT are: 

Order handling and Production planning 

ESA order desk communication. 

Archiving of raw data. 

Near Real Time Processing, Analysis and distribution of products 

Off-line Processing from archive and distribution of products. 

 

Products: 

ASAR Image Mode (IM)  

VV or HH polarisation images from any of 7 selectable swaths. Swath width between approximately 
56 km (swath 7) and 100 km (swath 1) across-track. Spatial resolution of approximately 30 m (for 
precision product). 

A Medium-Resolution Image product will be available at 150 m resolution, which is specifically 
aimed at sea ice and oceanography applications. Absolute calibration parameters are provided in the 
product annotations. 

ASAR Alternating Polar isation Mode (AP)  

Two co-registered images per acquisition, from any of 7 selectable swaths. HH/VV HH/HV or 
VV/VH polarisation pairs possible. Spatial resolution of approximately 30 m (for precision product) 
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ASAR Wide Swath Mode (WS)  

400 km by 400 km wide swath image. Spatial resolution of approximately 150 m by 150 m for 
nominal product. VV or HH polarisation. 

 

2.4.3. Radarsat  II 

KSAT has signed a contract with RSI. It gives KSAT the rights to distribute images from RSAT-II 
within the KSAT coverage area and the surrounding countries like Russia, USA, China, Burkina Faso 
and Australia. 

 

2.5. Sh i p Det ect i on  
A new algorithm has been developed. Backscatter from ships creates a signature that is automatically 
detected by the system, hence a ring/dot will mark the ship with position and the number of ships will 
be available in the systems report file.  

 

2.6. Oi l  Spi l l  Det ect i on 

Service Description 

The current oil spill monitoring service has been established and developed in close co-operation with, 
and based on the requirements of end users. The aim is to serve the end users with information on 
possible oil spills in less than two hours after satellite overpasses. KSAT is operational 24 hours a day, 
and both day and night passes are analysed and notif ied upon. 
  

1 

2 

3 
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SAR Data Processing 
The core elements of the service rely on the SAR data processing facilities at KSAT. The radar 
processor is capable of generating a radar image (100 km x 100 km) in a few minutes. Radarsat-1, 
ERS-2  and Envisat are the satellites used.  
  
  
Analysis 
KSAT operators are using a dedicated service workstation for information extraction, presentation and 
distribution. The workstation has the capability of entering meteorological and geographical 
information into the analysis, to generate and distribute oil spill notifications to the customers, and to 
handle the service information database. Automatic detection of potential oil spills was earlier 
considered to be mandatory for the service and hence an algorithm has been developed and verif ied. 
However, experience has shown that although the automatic slick detection is done within a few 
minutes, a trained operator can analyse the SAR images even faster. The service reliability is 
maintained through extensive training of the operators at KSAT. 
  
Product Descr iption 
The current service provided by KSAT has the capability to provide the following information: 
  
•  Position of  the possible oil spill 
•  Date and time of observation 
•  Estimated size of the polluted area 
•  Wind speed and direction 
•  Polluter category e.g. ship, platform, industry 
•  If available, the name of the platform or the geographical name in the case of release from on-

shore sites  
•  Probability level (low, medium or high) 

Envisat ASAR image, shows an oil-spill in southern part of Norway 
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3. GROUND STATION SYSTEMS 

3.1. SG1 

3.1.1. General Descr ipt ion 

The KSAT SG1 system is a multi-mission S- and X-band ground station system for TT&C and 
payload data acquisition. The SG1 antenna is a three axis 11m VIASAT (Scientific Atlanta) system. 
 
 
3.1.2. Antenna Specificat ions 

This section presents the key antenna specifications 

Parameter Value 
General  

Reflector Size 11,28 meter 
Frequency Bands S-band & X-band 

 
Dynamic Pointing Accuracy  

Autotrack Mode <= 0,05 deg rms 
TRADAT 0,07 deg 3 Sigma 
Tracking Modes Auto, Program or Manual,  
Search Modes User defined Scan, Time offset 

 
S-band Per formance  

S-band G/T 22,8 dB/K 
S-band Transmit Frequency Range 2025 – 2120 MHz 
S-band Transmit Polarization LHCP and RHCP 
S-band Receive Frequency Range 2200 – 2400 MHz 
Output power 200 W 

 
Xband Per formance  

X-band G/T 35,0 dB/K 
X-band Receive Frequency Range 8000 – 8500 MHz 
# Data Channels 4 channels 

 



Version: 1.0  

 

KSAT Infrastructure Description 
© Kongsberg Satelli te Services, June 2005 

 

11

 

3.1.3. Backend Specificat ions 

3.1.3.1. Architectu re 

The SG1 backend comprises the following key subsystems 
�  S-band TT&C system chain 
�  Receive and store up to 150 Mbit data rate on X-band 
�  16X16 Digital Matrix for ECL 
�  Time and Frequency References 
�  Monitor and Control subsystem with storage and archiving capabilities 
�  Ampex DST tape drive 
 

 
 
3.1.3.2. Specificat ions 

 
Parameter Value 
General  

Reflector Size 11 meter 
Frequency Bands S-band & X-band 

 
S-band Receive Telemetry   
  

Baseband Datarate Spec: 4Mbps BIO-L, 8Mbps 
NRZ-L  

Baseband Demodulation/Encoding AM, PM, FM, BPSK 
Subcarrier Demodulation/Encoding  
Subcarrier Frequency 1,7 MHz 
Subcarrier Datarate Max 16kbps 
Formats NRZ-L, M, S  BIO-L, M, S  

DM-M, S M2M RZ 
  

S-band Transmit Telecommand  
Telecommand Datarate <=4Kbps. 
Baseband Modulation/Encoding BPSK 
Subcarrier Modulation/Encoding  
Subcarrier Frequency 16kHz 

 
Xband Data Acquisiton  

Demodulation/Encoding BPSK, QPSK, UQPSK,  
Data Rates 75I/75Q 
Formats CCSDS, TDM 

 
External User Inter faces Supported  

S-band IF P-band  
S-band baseband ECL or TTL via digital matrix 
S-band ip Tcp/ip, udp/ip 
  
X-band IF 375 Mhz 
Xband baseband ECL or TTL via digital matrix 
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3.2. SG2 Syst em  

3.2.1. General Descr ipt ion 

The KSAT SG2 system is a multi-mission S- and X-band ground station system for TT&C and 
payload data acquisition. The SG2 antenna is a three axis 11m Datron system using the 8400 pedestal. 
 
 
3.2.2. Antenna Specificat ions 

This section presents the key antenna specifications. 
 
Parameter Value 
General  

Reflector Size 11 meter 
Frequency Bands S-band & X-band 

 
Tracking &  Pointing  

Pointing accuracy <= 0,05 deg rms 
Tracking accuracy <= 0,021 deg rms 
Tracking Modes Auto, Program or Table,  
Search Modes Raster, spiral or User defined 

 
S-band Per formance  

S-band G/T 22,6 dB/K 
S-band Transmit Frequency Range 2025 – 2120 MHz 
S-band Transmit Polarization LHCP and RHCP 
S-band Receive Frequency Range 2200 – 2400 MHz 
EIRP 64 dBW 

 
Xband Per formance  

X-band G/T 35,4 dB/K 
X-band Receive Frequency Range 7500 – 8400 MHz 
# Data Channels 3 channels 
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3.2.3. Backend Specificat ions 

3.2.3.1. Architectu re 

The SG2 backend comprises the following key subsystems 
�  Two independent S-band TT&C system chains 
�  One X-band Front End Processor (Direct Ingest System), at maximum 300Mbit/sec. 
�  32x32 Digital Matrix for ECL, RS-422 switch capabilities 
�  Time and Frequency References 
�  Monitor and Control subsystem with storage and archiving capabilities 
�  700GB RAID 
�  Encoding on RS/CRC/PRN 

 
 
3.2.3.2. Specificat ions 

 
Parameter Value 
General  

Reflector Size 11 meter 
Frequency Bands S-band & X-band 

 
S-band Receive Telemetry   

Baseband Datarate 20 Mbit/Sec 
Baseband Demodulation/Encoding FM, PM/NRZ, BPSK, QPSK, 

Bi-phase   
Subcarrier Demodulation/Encoding  
Subcarrier Frequency <= 2 Mhz 
Subcarrier Datarate  
Formats CCSDS, TDM 
  

S-band Transmit Telecommand  
Telecommand Datarate 10Kbit/Sec (NRZ) 
Baseband Modulation/Encoding BPSK,FSK,FSK+HBB,BPSK+AM 

Direct PCM 
Subcarrier Modulation/Encoding  
Subcarrier Frequency  
Formats CCSDS, TDM 

 
Xband Data Acquisiton  

Demodulation/Encoding BPSK, QPSK, UQPSK, SQPSK, 
Viterbi 

Data Rates 2x150 Mbit  
Formats CCSDS, TDM 

 
External User Inter faces Supported  

S-band IF S-band  
S-band baseband ECL or TTL via digital matrix 
S-band ip Tcp/ip, udp/ip 
  
X-band IF 720 Mhz 
Xband baseband ECL or TTL via digital matrix 
Xband ip Ftp 
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3.2.4. Hor izon Profi le 

 
Figure 1 below shows the SG2 horizon profile 
 

Figure 1: SG2 Horizon Profile 
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3.3. SG3 Syst em  

3.3.1. General Descr ipt ion  

The KSAT SG3 system is a multi-mission S- and X-band ground station system for TT&C and 
payload data acquisition. The SG3 antenna is a three axis 13m Datron system with 8450 pedestal. 
 
3.3.2. Antenna Specificat ions 

This section presents the key antenna specifications. 
 
Parameter Value 
General  

Reflector Size 13 meter 
Frequency Bands S-band & X-band 

 
Tracking &  Pointing  

Pointing accuracy <= 0,05 deg rms 
Tracking accuracy <= 0,021 deg rms 
Tracking Modes Auto, Program or Table,  
Search Modes Raster, spiral or User defined 

 
S-band Per formance  

S-band G/T 23 dB/K 
S-band Transmit Frequency Range 2025 – 2120 MHz 
S-band Transmit Polarization LHCP and RHCP 
S-band Receive Frequency Range 2200 – 2400 MHz 
EIRP 68 dBW 

 
Xband Per formance  

X-band G/T 36 dB/K 
X-band Receive Frequency Range 7500 – 8400 MHz 
# Data Channels 4 channels 
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3.3.3. Backend Specificat ions 

3.3.3.1. Architectu re 

The SG3 backend comprises the following key subsystems 
�  Two independent S-band TT&C system chains 
�  One Xband Front End Processor (Direct Ingest System) 
�  32x32 Digital Matrix for ECL, RS-422 switch capabilities 
�  Time and Frequency References 
�  Monitor and Control subsystem with storage and archiving capabilities 

 
 
3.3.3.2. Specificat ions 

 
Parameter  Value 
General  

Reflector Size 13 meter 
Frequency Bands S-band & X-band 

 
S-band Receive Telemetry   

Baseband Datarate 20 Mbit/Sec 
Baseband Demodulation/Encoding FM, PM/NRZ, BPSK, 

QPSK, Bi-phase   
Subcarrier Demodulation/Encoding  
Subcarrier Frequency <= 2 Mhz 
Subcarrier Datarate  
Formats CCSDS, TDM 
  

S-band Transmit Telecommand  
Telecommand Datarate 10 Kbit/Sec 
Baseband Modulation/Encoding FSK , BPSK, BPSK+AM 
IF modulation  PM, FM, BPSK, QPSK 
Subcarrier Frequency 100 kHz 
Formats CCSDS, TDM 

 
Xband Data Acquisiton  

Demodulation/Encoding BPSK,QPSK, UQPSK, 
SQPSK, AQPSK,Viterbi 

Data Rates 2x150 Mbit  
Formats CCSDS, TDM 

 
External User Inter faces Supported  

S-band IF 70Mhz  
S-band baseband ECL or TTL via digital matrix 
S-band ip Tcp/ip, udp/ip 
  
X-band IF 720 Mhz 
Xband baseband ECL or TTL via digital matrix 
Xband ip Ftp 

 



Version: 1.0  

 

KSAT Infrastructure Description 
© Kongsberg Satelli te Services, June 2005 

 

17

 

3.4. SG4 Syst em  

3.4.1. General Descr ipt ion  

The KSAT SG4 system is a multi-mission L-, S- and X-band ground station system for TT&C and 
payload data acquisition. The SG4 antenna is a three axis 13m Datron system with 8450 pedestal. 
 
3.4.2. Antenna Specificat ions 

This section presents the key antenna specifications. 
 
Parameter Value 
General  

Reflector Size 13 meter 
Frequency Bands L, S-band & X-band 

 
Tracking &  Pointing  

Pointing accuracy <= 0,05 deg rms 
Tracking accuracy <= 0,021 deg rms 
Tracking Modes Auto, Program or Table,  
Search Modes Raster, spiral or User defined 

 
L -band Per formance  

L-band G/T 18.8 dB/K 
L-band Transmit Frequency Range 1750 – 1850 MHz 
L-band Transmit Polarization LHCP and RHCP 
L-band Receive Frequency Range 1670 – 1710 MHz 
EIRP 66 dBW 

  
S-band Per formance  

S-band G/T 23 dB/K 
S-band Transmit Frequency Range 2025 – 2120 MHz 
S-band Transmit Polarization LHCP and RHCP 
S-band Receive Frequency Range 2200 – 2400 MHz 
EIRP 66 dBW 

 
Xband Per formance  

X-band G/T 35,5 dB/K 
X-band Receive Frequency Range 7500 – 8400 MHz 
# Data Channels 4 channels 
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3.4.3. Backend Specificat ions 

3.4.3.1. Architectu re 

The SG4 backend comprises the following key subsystems 
�  One S-band TT&C system chains 
�  One Xband Front End Processor (Direct Ingest System) 
�  Time and Frequency References 
�  Monitor and Control subsystem with storage and archiving capabilities 

 
 
3.4.3.2. Specificat ions 

 
Parameter  Value 
General  

Reflector Size 13 meter 
Frequency Bands L,S-band & X-band 

 
S-band Receive Telemetry   

Baseband Datarate 20 Mbit/Sec 
Baseband Demodulation/Encoding FM, PM/NRZ, BPSK, 

QPSK, Bi-phase   
Subcarrier Demodulation/Encoding  
Subcarrier Frequency <= 2 Mhz 
Subcarrier Datarate  
Formats CCSDS, TDM 
  

S-band Transmit Telecommand  
Telecommand Datarate 10 Kbit/Sec 
Baseband Modulation/Encoding FSK , BPSK, BPSK+AM 
IF modulation  PM, FM, BPSK, QPSK 
Subcarrier Frequency 100 kHz 
Formats CCSDS, TDM 

 
Xband Data Acquisiton  

Demodulation/Encoding BPSK,QPSK, UQPSK, 
SQPSK, AQPSK,Viterbi 

Data Rates 300 Mbit  
Formats CCSDS, TDM 

 
External User Inter faces Supported  

L,S-band IF S-band  
L,S-band ip Tcp/ip, udp/ip 
X-band IF 720 Mhz 
Xband baseband ECL via ECL buffer 
Xband ip Ftp 
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3.5. TG1 
The KSAT TG1 system installed in Tromsø is a multi-mission L-S- and X-band ground station system 
for TT&C and payload data acquisition. The TG1 antenna is a three axis 9m Datron system using the 
8400 pedestal. 
 

Parameter Value 
General  

Reflector Size 9 meter 
Frequency Bands S-band, L-band, X-band 

 
Tracking &  Pointing  

Pointing accuracy N/A 
Tracking accuracy N/A 
Tracking Modes Auto, Program  
Search Modes AZ and El 

 
S-band Per formance  

S-band G/T 21 dB/K 
S-band Transmit Frequency Range N/A 
S-band Transmit Polarization N/A 
S-band Receive Frequency Range 2200 – 2300 MHz 
EIRP N/A 

 
L -band Per formance  

L-band G/T 13,5 dB/K 
L-band Receive Frequency Range 1670-1720 MHz 
# Data Channels 1 channel 

  
X-band Per for mance  

X-band G/T 30 dB/K 
X-band Receive Frequency Range 8025 – 8400 MHz 
# Data Channels 1 channel 
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3.6. TG2 
The KSAT TG2 system installed in Tromsø is a multi-mission S- and X-band ground station system 
for TT&C and payload data acquisition. The TG2 antenna is a three axis 10m Datron system with 
8400 pedestal. 
 
3.6.1. Antenna Specificat ions 

This section presents the key antenna specifications. 
 

Parameter Value 
General  

Reflector Size 10 meter 
Frequency Bands S-band & X-band 

 
Tracking &  Pointing  

Pointing accuracy <= 0,05 deg rms 
Tracking accuracy <= 0,021 deg rms 
Tracking Modes Auto, Program or Table,  
Search Modes Raster, spiral or User defined 

 
S-band Per formance  

S-band G/T 22 dB/K 
S-band Transmit Frequency Range 2025 – 2120 MHz 
S-band Transmit Polarization LHCP and RHCP 
S-band Receive Frequency Range 2200 – 2400 MHz 
EIRP 68 dBW 

 
Xband Per formance  

X-band G/T 32 dB/K 
X-band Receive Frequency Range 8025 – 8400 MHz 
# Data Channels 1 channel 
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3.6.2. Hor izon Profi le TG2 
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3.7. Trol l  
 

3.7.1. General Descr ipt ion  

The KSAT Troll system will be a multi-mission S- and X-band ground station system for TT&C and 
payload data acquisition.  
 
3.7.2. Antenna Specificat ions 

This section presents the key antenna specifications. 
 
Parameter Value 
General  

Reflector Size 7,3 meter 
Frequency Bands S-band & X-band 

Tracking &  Pointing  
Pointing accuracy <= 0,050 deg rms 
Tracking accuracy <= 0,015 deg rms 
Tracking Modes Auto, Program or Table,  
Search Modes Raster, spiral or User defined 

S-band Per formance Prime Focus 
S-band G/T 18dB/K 
S-band Transmit Frequency Range 2025 – 2120 MHz 
S-band Transmit Polarization LHCP and RHCP 
S-band Receive Frequency Range 2200 – 2400 MHz 
S-band Receive Polarization LHCP and RHCP simultaneous 
EIRP 54 dBW 

Xband Per formance Cassegrain 
X-band G/T 32,4 dB/K 
X-band Receive Frequency Range 7765 –8500 MHz 
# Data Channels 4 channels 
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3.7.3. Backend Specificat ions 

3.7.3.1. Architectu re 

The Troll backend comprises the following key subsystems 
�  Two independent S-band TT&C system chains 
�  One Xband Front End Processor (Direct Ingest System) 
�  32x32 Digital Matrix for ECL, RS-422 switch capabilities 
�  Time and Frequency References 
�  Monitor and Control subsystem with storage and archiving capabilities 

 
3.7.3.2. Specificat ions 

 
Parameter  Value 
General  

Reflector Size 7,3 meter 
Frequency Bands S-band & X-band 

 
S-band Receive Telemetry   

Baseband Datarate 20 Mbit/Sec 
Baseband Demodulation/Encoding FM, PM/NRZ, BPSK, 

QPSK, Bi-phase   
Subcarrier Demodulation/Encoding  
Subcarrier Frequency <= 2 Mhz 
Subcarrier Datarate  
Formats CCSDS, TDM 
  

S-band Transmit Telecommand  
Telecommand Datarate 100 Kbit/Sec 
Baseband Modulation/Encoding  
Subcarrier Modulation/Encoding  
Subcarrier Frequency  
Formats CCSDS, TDM 

 
Xband Data Acquisiton  

Demodulation/Encoding BPSK,QPSK, UQPSK, 
SQPSK, AQPSK,Viterbi 

Data Rates 2x370 Mbit  
Formats CCSDS, TDM 

 
External User Inter faces Supported  

S-band IF S-band  
S-band baseband ECL or TTL via digital matrix 
S-band ip Tcp/ip, udp/ip 
  
X-band IF 720 Mhz 
Xband baseband ECL or TTL via digital matrix 
Xband ip Ftp 
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3.8. Rem ot e Ground Term i nal  Gr i m st ad (RGT-G) 
The RGT-G will cover approximately 75% of the Mediterranean, and KSAT uses this ground terminal 
in the EO services provided from KSAT. All processing and control is performed in Tromsø. 

 

3.8.1. Gr imstad Backend Specificat ions 

3.8.1.1. Architectu re 

The backend comprises the following key subsystems 
�  One Xband Front End Processor (Direct Ingest System) 
�  Time and Frequency References 
�  Monitor and Control subsystem with storage and archiving capabilities 

 
 
3.8.1.2. Specificat ions 

 
Parameter  Value 
General  

Reflector Size 3,2 meter 
Frequency Bands X-band 

Per formance                
              Pointing Accuracy Better than 0,07 deg (rms) 

 Position resolution Better than 0,01 deg 
              Antenna Gain 46.5 dB 
                 
Tracking Modes  

Manual, Program, Auto (Step)  
  
  
  

Xband Per formance X/Y 
X-band G/T 24,5 dB/K 
X-band Receive Frequency Range 8000 –8500 MHz 
# Data Channels 1 channel 
  
  
  

 
Xband Data Acquisiton  

Demodulation/Encoding BPSK,QPSK, UQPSK, 
SQPSK, AQPSK,Viterbi 

Data Rates 105Mbit  
Formats CCSDS, TDM 
  
X-band IF 720 Mhz 
Xband baseband ECL via ECL buffer 
Xband ip Ftp 
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3.9. EUM-1 and EUM-2 
The EUM-1/EUM-2 systems are the primary and secondary systems prepared for the EUMETSAT 
EPS program.  These systems are nominally operated from the EUMETSAT MCC in Darmstadt, 
Germany. KSAT provides local site support to EUM-1 and EUM-2. These systems are dedicated for 
the EPS program and not available for other users/missions. 
 
 
3.10. In frast ruct ure 

3.10.1. Stat ion Bu ildings (Tromsø and Svalsat) 

The station building is a multi-function building. The telemetry hall holds all the Back-End equipment 
for all antenna systems. The equipment is located in a climatic controlled area. The HVAC dedicated 
for the area is an automatic system that controls temperature. A network of sensors for fire detection is 
installed both in the telemetry hall as well as in all other rooms in the building. The operations room is 
located next to the telemetry hall. This organization ensures that intervention, in case of failure, from 
operations crew is made swift and efficient. A fireproof room holds the data that needs to be stored 
locally.  
 
3.10.2. Power 

The regular power is feed to the station from a local power plant. The power plant is located in 
Longyearbyen. At the station we have installed a diesel generator and in addition 3 large non-break 
UPS systems are installed. If the power from the power plant fails, the non-break UPS systems will 
feed power to all antenna systems – including the antennas. The diesel generator will feed power to the 
site after a few seconds. The diesel generator has fuel so that it can run for more that 14 days without 
re-fueling.  
 
 

 



Version: 1.0  

 

KSAT Infrastructure Description 
© Kongsberg Satelli te Services, June 2005 

 

26

 

3.10.3. Met Stat ion 

An automatic weather station is located on the same plateau as the antennas and the station building. 
The met station provides current and historical data. Data from the met station can be provided to 
customers. 
 
3.11. Secur i t y  

3.11.1. General 

All in-house operational equipment is physically located in the equipment rooms of the two KSAT 
sites in Tromsø and Svalbard. The equipment rooms are considered restricted area and personnel 
without duties in that area are not allowed access.  
The access is restricted by access card systems. An employee must escort all visitors. For long-term 
visitors e.g. equipment suppliers, a visitor access card are provided.  
The antennas in Tromsø are secured with fences. At Svalbard, a radome at each antenna provides the 
required barrier against intruders. All the antennas, both in Tromsø and at Svalbard have surveillance 
cameras installed. The operation engineers at duty monitor the cameras installed. 
Being a company within Kongsberg Defence and Aerospace, security screening of all operational and 
technical personnel is mandatory at KSAT. The Norwegian governmental procedures for security 
screening of all industry personnel involved with deliveries of data, systems and services to the 
Norwegian Armed Forces and NATO are applied.  
 

3.11.2. Physical access at  the Tromsø site 

All outside doors are controlled by an access card control system. This system allows for organizing 
the physical access by door, by employee, by time or by combinations of these. During normal 
working hours, only the main entrance leading to the reception area is open. Other doors are locked. 
The main entrance door is locked by the access control system. When the doors are locked, all 
employees are required to use the personal access card to enter the building.   
The personal access card is in the form of a badge that contains both picture and signature. This allows 
it to be used as identif ication for internal purposes and all employees are required to wear it clearly 
visible at all times. 
In addition to the measures above a security firm is patrolling the building surroundings several times 
during late evening and night hours. This is both to ensure that any intruder is stopped before doing 
any harm and to make sure that all windows and entrances are closed. Closed circuit TV surveillance 
is also used at KSAT premises. 
 

3.11.3. Physical access at  the SvalSat Site 

The main buildings outside doors are controlled by an access card control system. This system allows 
for organizing the physical access by door, by employee, by time or by combinations of these. During 
daytime, only the main entrance door is open, all other doors are locked. All doors are closed 
automatically by the system, at a certain time every day. When the doors are locked, all employees are 
required to use the personal access card to enter the building.   
A roadblock is installed at the beginning of the SvalSat access road. In order to open the roadblock 
people that want access to the site must identify themselves to the SvalSat operation engineer at duty 
via a dedicated telephone at the roadblock. The roadblock is opened remotely from the SvalSat station. 
KSAT cars at SvalSat have a remote control for opening this roadblock. 
 
3.11.4. Data secur ity, network  

Network security is currently provided by strict access lists in the prime Cisco router. These access 
lists restricts traffic from the out-world and includes only the necessary services to fulfill the absolute 
needs (i.e. email, web, ftp etc.) This allows for customer access to ordered data sets and may also 
include vendor access for giving technical support. 
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All nodes on the internal network are scanned regularly to reveal any security risks. This is 
accomplished using the best available tools from public domain. The result of such a scan is then the 
basis for improving security by software patch/upgrade and configuration changes. 
Security was further enhanced when the planned Cisco Pix firewall was installed in the end of 2003.  
An intrusion detection system (IDS) from the public domain is currently used when there is observed 
any network anomaly. In a longer term the IDS will be used on the outside of the firewall to detect any 
attacker. 
Security work will also use sources in the Internet (like CERT, CIAC and other) to guide this effort in 
the best possible manner. 
Special security policies apply to network and equipment directly connected to the TT&C operations. 
These policies are described in “KSAT Security Policies” (02-10059-A-Doc) and include policies on 
accounts and password, virus awareness, rules of behaviour and security training. 
Special security policies apply to fulfil dedicated user requirements on network security, i.e. CSOC 
(NASA) requirements are met by special efforts described in “SDS Network Security Plan”  (SDS-SP-
0001). KSAT GS facilities have passed NASA security certif ication and are on the NISN network. 
 

3.12. Local  M&C  
During nominal operations, several Svalsat systems are remotely controlled from TNOC. However all 
systems are also equipped with local control capabilities identical to the M&C systems at TNOC. The 
SvalSat crew is trained and certified for all systems including the systems nominally controlled from 
TNOC. 
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3.13. On-Si t e Dat a St orage 
Data acquired at the system will be stored on-line for a specified amount of time. The following 
general policy applies for data storage at SvalSat: 
 
Data Type On-Line Storage  
Tracking Data Tracking Data will nominally be stored on-line at the station 

for 1 month. This data comprise: 
�  Doppler Measurements 
�  Ranging Measurements 
�  Antenna Angles 

S-band Telemetry S-band telemetry is stored online for a minimum of 10 days 
S-band Telecommand S-band telemetry is stored online for a minimum of 30 days 
Station Quality/Status Telemetry Status data from the systems is stored for minimum 30 days 
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4. COMMUNICATION 

4.1. Fi ber  com m uni cat i on SvalSat  – TNOC 
KSAT and Norwegian Space Center (NSC), one of KSAT’s owners, decided in October 2002 to 
pursue a fiber optical communication link between Svalbard and mainland Norway. The total cost of 
the project is in the order of 40 MUSD and will cover the installation, commissioning and operation 
of the fiber from 2004 till 2025. The project work was initiated in June 2003 and the fiber cable was 
operational February 1st 2004. 

 
 

 
Figure 4. The fiber rout from Svalbard 

 
4.1.1. Technical specificat ions 

The installed fiber provides state of the art technology with maximum (full) redundancy in all 
segments. Initial capacity is 20 Gbps provided in segments of 155 Mbits each. Further electrical 
and/or optical interfaces are provided in independent segments of 2 Mbit each. Maximum capacity is 
2.0Tbps. 

The fiber cable shall have a capacity of minimum 20 Gbps and match the performance specifications 
given in this chapter.  

 
4.1.1.1. Bit  Error  Rate (BER)  

The system will provide better than 10 E-13 BER after Forward Error Correction. This corresponds 
to a Block BER of 1.2 E-6 assuming 1 bit error per block (Block size = 1202688). 

 
4.1.1.2. Mean Time Between Failu res (MTBF) 

The mean time between failures is calculated separately for the undersea plant and the terminal 
transmission path. The undersea calculation is expressed as the estimated number of ship repairs 
required during a 25-year system life. This estimate excludes external aggression (e.g. trawler 
damage etc.). 

0.128 ship repairs are expected to be transmission affecting for a single link, this corresponds to one 
expected event in 195 years (25 years/ 0.128 ship repairs). 
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The terminal transmission path has a total Failure Intensity (FIT) estimate of 50,300 FITs for a single 
unprotected path. This corresponds to a MTBF of 2.3 years (10E9 hours/50300 FIT). The MTBF 
increases to 120 years when a single protection path is added. 

4.1.1.3. Availabil ity 

Operational Availability of the fiber cable shall be a minimum of 99.995 measures over a monthly 
period. 

4.1.1.4. Mean Time to Restore (MTRS) 

The telecommunications network service shall be restored within 2 hours of a system failure. 

4.1.1.5. End to End Data Latency 

Data latency from Svalbard to the United States (example) shall be less than 300 milliseconds. 

 

4.2. Sat el l i t e Com m unicat i on Trol l  – Europe 
Given the location, Troll Earth Station (TES) is able to communicate through GEO-satellites and 
provide a one-leg link between Antarctica and Europe, US or Western part of Asia. Using global C-
band transponders on GEO satellites, currently available on most Intelsat satellites, Troll can send 
real-time data to clients and customers worldwide. 

Using Intelsat 10-02, the current delay is between 650 – 700 ms (Tromsø-Troll-Tromsø) 

Antenna       
7.6 meter gregorian bolt-together antenna 
EIRP     
78 dBW for 7,6 meter antenna in 35’  radome 
Tx-gain    
Tx-gain = 52 dBi at 5,850 GHz 
Feed   
4-port, 2Tx/2Rx, CP, C-band feed is offered 
One polarization will be selected for the service and the unused Tx- and Rx-ports will be terminated. 
Tx  5,850 – 6,425 GHz RHCP & LHCP  
Rx  3,625 – 4,200 GHz LHCP & RHCP  

 
L ink-budget (Assuming Washington DC is receiving station) 
 
Datarate 45 Mb/s 
BER 10-8 
Availability 99,9 % 
Troll climate zone A 
Washington climate zone K  

 


