
   

 

 

 

 

 

 

1. Introduction 

 
Advantech Wireless INTRAC antenna controllers provide an unequalled combination of features which result 

from a 25 year program of continuous development. Many individual performance features are not matched 

by any competing controllers and no other low cost controllers can provide the combination of well proven 

benefits offered by Advantech Wireless controllers. These features and benefits of INTRAC controllers 

include: 

  
 

 High tracking accuracy 

 Tracking satellites in highly inclined orbits  

 Unshakeable tracking  

 Operation in high scintillation conditions  

 High accuracy tracking in wind and tolerance of unexpected ‘station keeping’ manoeuvres 

 Fully debugged and field-proven software 

 Very high reliability 

 High tracking system availability 

 Intelligently adaptive to operating conditions  

 No requirement for parameter adjustment 

 Acceptance of IESS 412 or NORAD track data. 

 Minimisation of drive wear 

 Ease of installation  

 No requirement for routine maintenance  

These benefits are described in much more detail in the following pages. Though we have to get a little 

technical at times, the bottom line is that these features easily justify the INTRAC product range’s World-

beating market position. 

 

2. High Tracking Accuracy 
 

 The orbit modelling algorithm used in the INTRAC controllers uses a 14 parameter model of the satellite orbit 

as viewed from the earth station. The particular mathematical model selected uses parameters which can be 

computed with high accuracy from the practical measurements which can be made at the earth station. The 

result is that INTRAC controllers can point the antenna at the satellite with very high accuracy (without any 

tracking lag which is characteristic of step track controllers). The tracking accuracy of INTRAC controllers is 

unaffected by the orbital inclination of the satellite being tracked up to at least 15º. 

 Because the signal loss as a result of imperfect tracking is so small under all operating conditions it is not in 

practice possible to measure the actual tracking accuracy on an antenna.  
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 However Advantech Wireless has undertaken much mathematical analysis and detailed computer 

simulation of tracking performance, linking INTRAC controllers to computer-based antenna simulators which 

allow the antenna to be accurately simulated, including drive backlash and beacon signal scintillation. This 

computer-plus-hardware simulation allows a direct measurement of the tracking accuracy achievable by 

INTRAC controllers. These simulation measurements show that RMS tracking errors introduced by the 

controller of less than 1% of a 3dB receive beamwidth are achieved with a beacon signal to fluctuation ratio 

in a 1 Hz bandwidth of 40dB. They are still less than 3% with a beacon signal to fluctuation ratio of only 

30dB, corresponding to heavy beacon scintillation. In practice the mechanical imperfections in the antenna 

and drive and the limited resolution of the azimuth and elevation transducers may reduce these accuracies 

on good quality antennas to 2% and 3% of the receive beamwidth respectively. (The figure remains at 3% 

for the 30dB beacon to fluctuation ratio because of the RMS addition of the error sources.)  

 Note that the corresponding RMS receives signal losses due to the tracking errors are approximately: 

  1%  .005dB    

  2%  .02dB 

  3%  .04dB 

  

 Therefore in normal operating signal conditions on a good quality antenna the RMS tracking signal loss due 

to INTRAC control will be 0.02dB, which is completely negligible. 

 
 

3. Tracking Satellites in Highly Inclined Orbits  
  

Because the antenna is steered in accordance with the model the antenna is moved as often as is required 

in order to continuously maintain the pointing error within a very small fraction of a beamwidth. This results in 

very high accuracy tracking without tracking lag. The mathematical analysis and computer simulation 

referred to above has shown that INTRAC controllers can track inclined orbit satellites with no reduction in 

tracking accuracy up to orbital inclinations of at least 15º. 

 In practice INTRAC controllers have been used successfully for many years tracking military and commercial 

satellites with orbital inclinations exceeding 7º. 

 

4. Unshakeable Tracking  
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 We are not aware of any INTRAC antenna control systems which have lost track of a satellite following 

completion of commissioning and customer acceptance for any reason other than rare instances of 

hardware failure.  INTRAC controllers have proven ability to maintain traffic and accurate antenna pointing 

irrespective of their operating conditions, at high elevations in the tropics, very low elevations over sea, in 

severe rain fading conditions and in conditions of heavy atmospheric and ionospheric scintillation.   

 This unshakeable tracking ability derives from the basic feature of the INTRAC tracking algorithm and the 

fail-safe features, designed to maintain tracking or to avoid driving the antenna away from the satellite, that 

have been progressively built into INTRAC controllers as a result of over 25 years of experience in a very 

wide range of operating conditions around the world.  

 

5. Operation in high scintillation conditions  
 

Advantech Wireless specialises in the design of products which extract signals from noise and the 

company has much specialised experience in processing of noisy signals and in optimal estimation 

techniques. These skills are applied in Advantech Wireless’ antenna control and satellite modem 

products. 

Advantech Wireless' INTRAC antenna controllers incorporate special features which enable the controller to 

guard against possible errors in measurements of satellite position which might otherwise be caused by rain 

fading and scintillation of the beacon signal used for tracking. 

 As a result INTRAC controllers are able to develop an accurate orbital model even in the presence of severe 

scintillation, rain fading and beam refraction effects. This orbital model is then used to provide accurate and 

reliable control and tracking of the antenna.  

 INTRAC controllers can operate with only minor degradation in accuracy with beacon signal to fluctuation 

ratios below 25dB. Operation in high scintillation conditions is discussed further below. 

 

6. High accuracy tracking in wind and tolerance of unexpected ‘station keeping’ 
manoeuvres 
 

 Some step track and orbital modelling control algorithms need to be very "stiff" to work correctly. As a result 

they do not correct for wind distortion of the antenna/reflector structure and some types of normal station 

keeping manoeuvres can cause them to lose track.  

 With such controllers tracking accuracy in wind is reduced and there is a risk of losing traffic with some types 

of station keeping manoeuvres. 
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7. Fully debugged and field-proven software 
 

 The development of the software used in INTRAC controllers started in 1978 and the software has been 

developed and debugged continuously since then and now consists of over 200,000 lines of code. As result 

of operational experience and special requirements of customers, a large number of enhancements and 

special features have been gradually introduced and proven in operation at earth stations in more than 46 

countries around the world. INTRAC controllers have now accumulated many 10’s of millions hours of 

operation which have confirmed the exceptionally high integrity of the code used in INTRAC controllers. 

 

8. Very high reliability 
  

The many antenna control units which Advantech Wireless has delivered to date have proven to have 

extremely high in-service reliability.  

 From our records of hardware failures over the years the average mean time between failures (MTBF) for 

the INTRAC controllers, plus their integral IBR-L beacon receivers, is over 128,000 hours. 

 Of the many precision single or electrically geared resolvers that we have supplied, we have had only 7 

failure returns. This corresponds to a practically achieved MTBF of over 2.5m hours.  

 The mean time between failures of the individual vector Drive modules in the motor drive cabinet exceeds 

200,000 hours. The failure of one drive module does not lead to loss of tracking function because the system 

can function in single motor mode (and in most cases will automatically change to this mode in the event of a 

drive module failures.) The MTBF of motor drive components that can cause a complete failure of the drive 

system is approximately 200,000 hours.  

 Therefore, based on practical reliability experience from 10’s of million hours of operational service, the 

expected mean time between failures which affect tracking of a complete INTRAC antenna control system, 

consisting of an INTRAC 505 antenna control unit plus L band Beacon Receiver, C Band to L Band Block 

Down Converter, three resolver position transducers and vector drive high power motor control unit, is 

60,000 hours, corresponding to over six years of continuous use.   

 

9. High Tracking System Availability 
  

The availability of the tracking system is defined as the percentage of time that the system is fully 

operational. Calculation of the availability for any system requires information on the reliability of all the key 
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elements of the system together with the estimated time to repair or replace sub-systems which fail. 

Because most operators hold a stock of critical spares and spare sub-systems, replacement is usually 

assumed.  

 The MTBFs of the individual antenna control sub-systems, derived from practical operational experience 

over the years have been given above.  

 Based on these practical reliability figures, the estimated time to replace the sub-system and therefore the 

time lost per year as a consequence of a failure are summarized below:  

INTRAC-605 system with counter torqued Vector Drive Cabinet 

Item % failure per 
year 

Time to 
replace 

Minutes lost per year 

INTRAC 605 ACU plus IBR-L Beacon 
Receiver 

6.8% 30 minutes 2.03 minutes 

Resolvers 1.1% 120 minutes 1.26 minute 

C Band to L Band Block Down 
Converter 

1.8% 20 minutes 0.4 minutes 

Motor Control Unit 4.4% 90 minutes 4.0 minutes 

Total   7.7 minutes 

 

INTRAC-505 system with MC38* Drive Cabinet 

Item % failure per 
year 

Time to 
replace 

Minutes lost per year 

INTRAC 505 ACU plus IBR-L Beacon 
Receiver 

6.8% 30 minutes 2.03 minutes 

Resolvers 0.7% 120 minutes 0.84 minute 

C Band to L Band Block Down 
Converter 

1.8% 20 minutes 0.4 minutes 

Motor Control Unit (MC38*) 0.9% 90 minutes 0.8 minutes 

Total   4.1 minutes 

  
 Based on the above estimated times to replace faulty sub-systems the estimated average period of traffic 

lost per year as a result of tracking system failures is 7.7 minutes for the far more complex large antenna 

system and 4.1 minutes for the small antenna system. These translate to very high availability figures of 

99.998% and 99.999% respectively.  

 Please note that because the INTRAC systems can control the antenna in accordance with their internal 

orbital model data, a considerable number of hardware failures, for example any failure in the Block Down 

Converter or the integral beacon receiver in the ACU, or a failure in the ACU display circuits, will not affect 
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the ability of the controller to continue to control the antenna. Therefore the availability for maintaining 

tracking, and so protecting data traffic on the antenna, will actually be higher than would be assumed from 

the above conventional system availability calculations.  

 

10. Intelligently Adaptive to Operating Conditions  
 
 As noted above, the INTRAC code incorporates many features to improve operational reliability and 

tolerance to non-ideal operating conditions. These special features include the ability to sense, and 

automatically correct for, moderate levels of wear and backlash in the antenna drives and small 

nonlinearities in the resolver position transducers. This means that INTRAC controllers will continue to 

operate correctly even when there is progressive wear in the antenna drive mechanism, provided that the 

wear is not excessive.  

The controller will also sense when there is a satellite station keeping manoeuvre, wind distortion of the 

antenna or excessive scintillation or rain fading which is reducing the accuracy of its satellite position 

measurements, and will automatically increase the frequency of its step cycle measurements to 

compensate.  

 

11. No requirement for parameter adjustment 
  

Because the INTRAC algorithm is intelligently adaptive to operating conditions there is no need for the 

operator to adjust or try to optimize the operating parameters of the INTRAC control. This contrasts strongly 

with step-track based controllers which often require operator adjustment of parameters including size of 

step track movements, frequency of step track cycles, step track gain, level of beacon change before new 

step track cycle is initiated, etc.  

 The only parameters that need to be entered when a controller is installed on a new antenna are the 

antenna beamwidth, the resolver position offsets, if any, and the beacon signal frequency. All other 

parameter adjustment is automatic.  

 

12. Acceptance of IESS 412 or NORAD Track Data 
 

 Although INTRAC controllers can develop a fully accurate orbital model in 24 hours from switch-on and 

normally operate entirely autonomously, they can accept IESS 412 or NORAD Program Track data and use 

this information to immediately compute the corresponding INTRAC model and start tracking according to 
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this model. They will then progressively refine this model via the normal step cycle measurements to 

improve and maintain its accuracy. 

 

13. Minimisation of Drive Wear 
 

Because INTRAC controllers do not attempt to peak the signal strength during the period when they move 

the antenna to measure the satellite position, and only move the antenna when necessary to maintain the 

pointing loss below 1/20 of a beamwidth or less, INTRAC controllers do not "thrash" in response to noise 

or scintillation on the beacon signal. This absence of thrashing protects the drives from wear and helps to 

extend their life, in some cases by a factor of twenty or more times relative to basic step track controllers. 

   

14. Ease of Installation  
 

 INTRAC antenna control systems are very easy to install on a wide range of different types of antennas (C 

band, X band and Ku band) with a wide range of beamwidths. To date they have also been installed on 

antennas manufactured by at least 25 different organizations.  

 The only parameters in the INTRAC antenna controller which need to be set at the time of installation are the 

antenna beamwidth and the angular offsets (if any) of the azimuth and elevation position transducers. 

(Clearly it is necessary for these to be properly mounted and coupled correctly to the azimuth and elevation 

axes of the reflector.) 

 Therefore there is no need for other operator adjustable parameters to match the controller to the type of 

antenna and the signal conditions, as is the case with signal peaking, step-track-based controllers. The 

controller is intelligently adaptive to the signal conditions and also to the mechanical characteristics of the 

antenna drives. 

 Provided that the antenna drives are mechanically sound and do not suffer from backlash or overrun which 

exceeds about 1/40 of a beamwidth, the INTRAC ACU will automatically measure and compensate for the 

antenna drive characteristics and will accurately control the antenna with a precision determined by the 

resolution of the position transducers.  

 The result is that INTRAC control system are quick and trouble-free to install, do not require any special 

expertise to "tune" them to the particular antenna being used, and are genuinely "point and track" units.  

 

15. No Requirement for Routine Maintenance  
 
There is no requirement for routine maintenance of any parts of an INTRAC antenna control system. 
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