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Abstract 

Continuing development of digital telemetry systems 

has placed higher demands on the data recorders used in 

such systems. 

The traditional method of recording single channel 

digital data on one recorder track imposes limits on data 

rate, recording time and bit error rate. 

This paper discusses the application of high density 

digital recording techniques to multi-channel 

asynchronous digital recording. It shows how existing 

wideband recorders can be easily upgraded to provide 

the benefits of higher data rates, longer recording time 

and improved bit error rate, in addition to offering the 

flexibility of user selectable configurations. 

  

  

  

Background 

One of the valuable features of IRIG instrumentation 

tape recorders is their ability to record digital data. This 

has been achieved by the use of FM, direct and digital 

channels, depending upon the application. 

Most commonly, recorders have been configured with 

either direct electronics, for pre-encoded data, or serial 

digital (also known as PCM) electronics, which accepts 

data plus clock signals. 

In the case of direct electronics, (Figure 1A), the data 

encoding and decoding is performed externally to the 

recorder, One drawback is that standard IRIG direct 

electronics do not provide the optimum conditions for 

record and replay of digital data. Data rate is directly 

related to the recorder track bandwidth and, in practice, 

data packing density and bit error rate are limited by the 

electronic’s optimization for analog 

recording/reproduction. 

With serial digital electronics, (Figure 1B), the user 

presents data and clock signals to the recorder which 

incorporates data encoding/decoding and optimized 

record/reproduce glectronics. Data rate is directly 

related to recorder track bandwidth and the clocking 

scheme of the selected code. Data packing density and 

    

Figure 1. Serial Digital 
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bit error rate are related to the effectiveness of the 
selected code. Any change in data rate will require a 
readjustment of the electronics to operate at the new 
frequency. 

In both of the above methods, one input channel is 
recorded on one tape track and it is possible to record a 
number of independent (asynchronous) channels up to 

the maximum capacity of the recorder. The maximum 

data rate is limited by the recorder track bandwidth, 

typically 4Mbps at 120ips on a wideband 2MHz 

recorder. Bit error rates are typically quoted as 1 in 10°. 
  

   



High Density Digital Recording 

For the user who needs to record higher data rates, high 

density digital recording (HDDR) offers a solution. 

Recorder manufacturers offer systems which accept 

serial or parallel data and record it across a number of 

tape tracks. Not only do these systems offer higher data 

rates than serial digital electronics, but they usually also 

provide error correction, giving several orders of 

magnitude better bit error rate than the serial digital 

channel. 

The majority of these HDDR systems are not ideally 

Suited to multiple asynchronous data inputs. Most 

systems are based upon parallel recording and require a 

large number of recorder tracks. In some cases, the 

capability can only be supplied as part of an integral 

recording system. It should also be noted that such 

systems present an expensive alternative to the serial 

digital channel. 

Some manufacturers offer the digital encoding/decoding 

as add-on sub-systems. Penny & Giles pioneered the 

concept of wrap-around HDDR Formatters which are 

designed to provide adjustment-free operation with any 

wideband recorder rather than being limited to the 

Company’s own recorder products. 

A major advantage of this type of sub-system is that it 

allows existing wideband analog recorders to be 

upgraded to high density digital recording (Figures 3 

and 4). 

These Formatters provide a powerful and versatile 

means of recording higher data rates, up to 144Mbps at 
120ips, with automatic bit-synchronization, 
bi-directional operation and error detection/correction. 

Also, the Penny & Giles formatters introduced the 3PM 
format, a data code which allows a higher data rate to be 
recorded for a given tape speed, or a longer recording 

time for a given data rate. 

The high-rate (model 9510) Formatter (Figure 2) is 
based upon an 8 bit parallel frame with integral, switch 
selectable serial/parallei and parallel/serial conversion. 
Each frame can handle a maximum data transfer rate of 
36Mbps. A number of frames may be used 
independently for asynchronous inputs. Frames can 
also be connected in master/slave configurations for 16, 
24 and 32 bit parallel, or equivalent 72Mbps, 108Mbps 
and 144Mbps serial applications. 

A typical application for such a high-rate system is earth 
observation satellite data downlinks, with current 
satellites, such as SPOT, Landsat and ERS-1, operating 

in the range SOMbps - 105Mbps. 

The performance capabilities of this type of system can 
greatly exceed the requirements of many range 
telemetry applications which are more likely to need a 
larger number of channels operating at lower data rates. 
    

  
  

  

Figure 2. Penny & Giles model 9510 wrap-around Formatter 
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Figure 3. High Density Digital Recording - Parallel Data Format 
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Figure 4. High Density Digital Recording - Serial Data Format 
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Low Rate Formatters 

Clearly, there are many desirable elements of high-rate 

systems which could benefit those applications 

operating at the lower end of the data rate spectrum. 

Most notable are the ability to overcome the data rate 

limitation of serial digital channels, the use of error 

detection/correction, and the ability to accommodate a 

wide range of data rates without adjustment (automatic 

bit-synchronization). 

Not surprisingly, Penny & Giles has developed its 

original wrap-around concept to include low-rate 

Formatters (models 9512 and 9513) which are 

specifically designed for multi-channel applications 

(Figure 5). 

Each 9512 Formatter frame can accommodate 2 

asynchronous inputs (up to 13.5Mbps) each of which 

can be divided over 1, 2 or 3 tracks. Each 9513 formatter 

frame can accommodate 3 asynchronous inputs (up to 

9Mbps) each of which can be divided over 1 or 2 tracks. 

Multiple Formatter frames, can be used to accommodate 

a greater number of input channels, both high-rate and 

low-rate. Also, there is no need to set-up each formatter 

channel for specific data rates or tape speeds. Provided 

that the per-track (substream) rate is between 40kbps and 

4.5Mbps there are no user adjustments. 

Integral diagnostics include confidence monitoring by 

downstream soft and hard error indication, 

electronics-to-electronics checkout of each formatter 

channel (by-passing the recorder), and self-test pattern 

generation for off-line checkout. of the 

formatter/recorder system. Diagnostic control and 

Status is also available remotely via RS449 and IEEE488 

interfaces. 

The 3PM format incorporates a powerful error detection 

and correction (EDAC) system. Errors are detected by 

a 16-bit cyclic redundancy check which caters for both 

single and burst error situations. Each formatter channel 

is served by an additional lateral parity track so that, in 

the event of an error being detected within the channel 

group, effective correction can be accomplished. Each 

channel group (i.e. each user input channel) is 

completely independent. Detection and correction of 

errors on one channel does not affect other channels. 

It can be seen from the examples in Figure 5, that the use 

of a Formatter allows higher data rate recording than that 

which is available with serial digital channels. 

In addition, the user has the flexibility to choose a tape 

speed and recording duration which suits the application 

by selecting an appropriate fan-out ratio for each data 

channel. 

  

  

  

Table 1. Tape Speed Substream Rate 

9310/9512/9513 Formatters 

TAPE SPEED MAXIMUM SUBSTREAM 
(ips) RATE 

120 4.5 Mbps 
60 2.25 Mbps 
30 1.12 Mbps 
15 562 kbps 

7*/ 281 kbps 
3 7/4 140 kbps 
1/8 70 kbps 

    
  

  
When considering data rate, tape speed and recording 
time, the user need not be restricted to IRIG tape speeds. 
As the Formatter is not dependent upon tape speed 
information for its operation, the recorder can operate at 
any speed provided that the data falls within the limits 
of the formatter’s operating range. 

Consider, for example, an application where most of the 
data inputs are low rate but there are some relatively high 
rate channels. With serial digital electronics, it would 
be necessary to run the recorder at a tape speed dictated 
by the highest rate channel. By using a formatter, the 
high rate data can be fanned-out over a number of tracks 
to bring the substream rate down to the level of the other 
data channels. This will result in a proportional increase 
in recording time. 

Also, by using formatter channels without any fan-out, 
the low rate data can benefit from the error detection and 
correction system. 
  

   


