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Summary 
The increase in data rates down-linked from Earth Observation satellites has imposed greater 
demands on the ground-based High Density Digital Recorders which capture this data for 
subsequent processing. | 
Higher performance and tape economy can be achieved by the increased packing density 

resulting from the use of the 3PM coding technique in place of the more traditional NRZ or Delay 
Modulation codes. 
The use of error detection and correction (EDAC) ensures bit error rate performance in the 

order of 1 in 10°° bits. | 
Reliable bi-directional operation is a feature of longitudinal high density digital recorders and is 

fundamental to capturing data from satellites equipped with on-board recorders (SPOT, ERS-1, 
Radarsat, etc.) which dump their data in reverse. 
- Auto-ranging bit synchronization allows great versatility in the modern high density digital 
recorder and enhances its utilization for multi-mission operation. 

A single recorder/reproducer (THORN EMI’s model HDRS), for example, can cover the data 
_ range from the 8.7/Mbps of MOS-1, to the 105Mbps of ERS-1, without adjustment or modification.   
  

 



  

INTRODUCTION 
As data rates downlinked from instru- 
mentation packages on board satellites 
and spacecraft continue to increase, 
greater demands are placed on the 
ground segment data acquisition and 
storage systems. A vital part of the 
ground based system is the longitudinal 
high density digital tape recorder/ 
reproducer (HDDR). 

This is particularly the case in the 
field of remote sensing or Earth Observ- 
ation. In that field the progression of 
data rates (SPOT: 50Mbps; Landsat 
TM: 85Mbps; ERS—1: 105Mbps; 

Radarsat: 2 x l0OOMbps, etc.), resulting 
from the sophistication of optical sensors 
and the advent of the Synthetic Aperture 
Radar (SAR), has highlighted the funda- 
mental requirements for the Ground 
Station HDDR. These include: 

— Greater performance, to accomm- 
odate the increased data rates. 

— Tape economy, since higher data 
rates generally mean higher tape 
speeds, hence longer and more 
costly tapes. 

— Effective error detection and cor- 
rection, for greater data integrity. 

— Reliable bi-directional operation, 
to handle data down-linked in reverse 
from recorders on-board the 

satellites. 

— Multi-mission flexibility, enabling 
the HDDR to handle data from 
various satellites without the need 
for costly up-grades or lengthy re- 
adjustments. 

— Wide range of record/reproduce 
speeds, since data is usually captured 
at high speed and has to be cons- 
iderably slowed down on replay for 
processing purposes (downshift). 

THORN EMLIis a leading supplier of 
high density digital recording systems 
with installations located throughout 
the world. The Company has supplied 
more than 30 HDDR units to NASA 
for the Spacelab program and has been 
selected by ESA to provide similar 
equipment for the ERS-1 program. 
Before discussing our approach to the 
requirements listed above let us first 
briefly review the function of the HDDR. 
High rate data down-linked to the 

ground station receiver is captured on 
the high density digital tape recorder/ 

reproducer (HDDR). This acts as a 
mass storage system, the data being 
stored on High Density Digital Tapes 
(HDDT) for subsequent analysis and 
processing. The term “‘high density” is 
used since the data is recorded at 
packing densities in excess of 30,000 
bits per inch (bpi) per track, as opposed 
to computer compatible tapes (CCT) 
with bit packing densities currently not 
exceeding 6,250 bpi. 

The data rate is generally such that it 
is either impossible or extremely costly 
to process in real time. The tapes are 
therefore replayed at lower tape speeds, 
with a corresponding reduction in the 
data throughput, to provide a transfer 
rate which can be accomodated by the 
processing device. 

Generally, after ‘“quick-look’’ proc- 
essing, the HDDT are archived and 
only fully processed at the request of 
users. They can also be copied as “‘raw 
data”’ for distribution to other establish- 
ments which might prefer to carry out 
their own processing. 

Let us now consider the performance 
requirements for High Density Digital 
Recorders. 

  

MULTI-TRACK 
OPERATION 
The incoming data stream presented to 
the HDDR from the down-link demod- 
ulator is typically an NRZ-L serial 
PCM bit-stream accompanied by an 
in-phase clock. Since the data rate is 
generally too high to be recorded on a 
single tape recorder track, a serial-to- 
parallel conversion takes place within 
the HDDR. The incoming data stream 

is distributed over a number of sub- 
streams (N), each with data rate 
correspondingly slowed down by a factor 
of N. For example, a 100Mbps input 
serial stream divided over 25 channels 
would result in a substream rate of 4 
Mbps. 
NRZ—L is generally unsuitable for 

high density digital recording because 
of the possibility of long sequences of 
ones or zeroes which can occur in this 
format. For recording purposes, there- 
fore, the data and clock are combined 
into self-clocking codes such as 
Randomized NRZ, Delay Modulation, 
etc. 

Consequently, the data substreams 
undergo some form of encoding before 
being each recorded on one track of the 
tape. The data packing density on that 
track then depends on the selected tape 
speed. In the example given above of a 
4Mbps substream, at a tape speed of 
120 ips the packing density would be 
4 x 10°/120 = 33,333 bits per inch 
(33.3kbpi). 

In 1980, the ‘“‘state-of-the-art’’ for 

HDDR bit packing density for con- 
ventional systems, using standard IRIG 

    

  

  

  

   

    

  

  

ot 
ruficate 

‘appreciation 
a F Kennedy      

  

ter - of 

mans Certificate    
    

Figure 1. THORN EMI ‘Spacelab’ 
high density digital recorders in use at 
NASA’s Goddard Space Flight Center. 

  

wideband heads and general purpose 
instrumentation tape, had been static 
for several years at a maximum of 
around 33 kilobits per inch. The limiting 
factor was that the output from the 
reproduce heads falls sharply as the 
recorded wavelength approaches the 
length of the reproduce “‘gap’”. One 
method of overcoming this barrier was 
to introduce new coding techniques. 
The one selected by THORN EMI was 
the 3-Position Modulation (3PM) code.   
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Figure 2. NASA Certificate of 
Appreciation awarded “For outstanding 
performance in the design, management 
and fabrication of the Spacelab High 
Density Recorders”’.  


