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ABSTRACT:
New tracking/control system requirements demand that the
present DFCS/GRDCUS/MTACS data link bit rate be increased. A
possible method for achieving this increase is to select two
additional 31-bit chip code patterns that are orthogonal to
the present chip codes, and to each other. This method will
not require any more bandwidth than the present 10 MHZ used.
This method suggest that each of the four chip code patterns
are assigned a two bit value ie: 00, 01, 10, 11. At present,
the two correlated chip codes represent data in a pulse
position method. No data is contained in which of the two
chip codes actually correlated. This new method suggest each
of the four chip code patterns will still perform the pulse
position modulation and provide two additional bits of data.
These additional two bits of data will up the data rate of
the link by 100 percent.
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INTRODUCTION:
The Next Generation Target Control System (NGTCS) has a goal
to remotely control 18 aircraft, with a growth potential of
24. These aircraft can be located over the horizon from the
control facility, thus requiring a relay to retransmit the
command messages. At present, the DFCS, GRDCUS, and MTACS
datalink waveform can marginally support the 18 aircraft,
over the horizon, scenario. In an effort to plan for growth
potential, the basic datalink waveform of these datalinks
needs to be improved upon. One improvement consist of
increasing the datalink’s data rate with out increasing the
bandwidth. A second alternative is to increase the data rate
by increasing the bandwidth.



This paper will discuss a proposed method of increasing the
data rate without increasing the bandwidth requirement. This
method of increasing the data rate consist of selecting
another set of orthogonal chip codes, and allow them to
contain information themselves.

BODY:
The GRDCUS, MTACS, and NGTCS datalink are all revisions of
the original IBM/DFCS datalink. This original datalink was
developed in the mid 1970s and has been successfully used to
control fullscale and subscale target aircraft at White
Sands Missile Range (WSMR). The GRDCUS, MTACS, and NGTCS
datalink use the same basic waveform as DFCS, but have
redefined the message format. The original DFCS datalink
operates at a carrier frequency of 915 MHZ, uses spread
spectrum technology, and requires 10 MHZ of bandwidth. It
has good multipath rejection properties which are attributed
to the 10 MHZ chip code rate and to the alternating of chip
code patterns. See Fig 1. The GRDCUS datalink presently
operates at Tyndall AFB, Florida, and routinely controls
multiple fullscale and subscale aircraft. At present, the
MTACS datalink has received authorization to operate on a
carrier frequency of 1365 MHZ as well as 915 MHZ, but still
occupies 10 MHZ of bandwidth. The MTACS datalink is
primarily used for tracking vehicles, and sending
conventional telemetry to the control facility. All of the
above mentioned utilize the datalink’s distance measuring
(DME) feature. This built in feature allows precise vehicle
location to be derived from each uplink/downlink sequence.

The waveform is synchronized by first having a 127 bit fixed
pattern of 1s and 0s (chips) transmitted. These sync chips
are transmitted at a 10 MHZ rate, thus taking 12.7
microseconds to complete. When all 127 bits of this fixed
pattern sync code have been received by the sync correlator
SAW, a sync pulse is generated. This sync pulse provides all
the timing references for the duration of this transmitted
message. The data portion of this waveform is a pulse
position encoded waveform, where each data pulse represents
two bits of information. Each pulse is encoded as the final
chip of a 31 bit fixed chip code sequence. This chip code
sequence is clocked at a 10 MHZ rate, thus taking 3.1
microseconds to complete. Two different 31 bit data chip
codes are utilized. These two chip code patterns are
commonly called the “A” chip code pattern, and the “B” chip
code pattern. This two code design prevents two adjacent
chip code patterns from correlating at the same time due to



multipath effects. This method of encoding provides good
multipath detection/protection, and follows suit to the
precision timing derived from the synchronizing pattern.
Each 3.1 microsecond chip code sequence occurs during a 4.0
microsecond window. The two bit data content is encoded with
respect to where the chip code correlated in this 4.0
microsecond window. The sequence needed to encode a data
word consist of 9 of the data chip code patterns. The two
chip code patterns (A and B) alternate, and a 16 bit
dataword is constructed after nine such chip code patterns.
Each 16 bit dataword is comprised of 18 bits, the two extra
bits being parity for the low byte and high byte. Thus, 36
microseconds is required to transmit each 16 (18 with
parity) bit data word.

As previously stated, this paper will discuss the aspect of
having two additional 31 bit chip code patterns for the
data. These chip code patterns will be named “C” and “D”. An
assumption is made that the 127 bit sync code is not a
superset of the “A”, “B”, “C”, or “D” chip code patterns.
Also, there is little or no cross correlation between the
four data chip code patterns, but good autocorrelation.
Based on these assumptions, each of the four data codes will
represent two data bits, as well their position determining
two data bits. Allow the “A” chip code pattern to represent
the two bits 00, the “B” pattern represent 01, “C” would
represent 10, and “D” would follow to be 11. As an example,
let a 31 bit “C” chip code pattern fall in the last position
of a 4.0 microsecond data window. Because this chip code
pattern correlated in the last position, the data content
would be a 1 1, but because this chip code pattern was a “C”
pattern, two additional bits 1 0 are realized. See Fig 2.

This concept will quickly double the data rate of the
present datalink, without requiring an increased bandwidth.
With this increased data rate, a faster microprocessor will
be required also. The present DFCS type equipment uses the
Z-80 microprocessor. This microprocessor is able to
acknowledge each data word as it is received at the 36
microsecond rate. But, when the data rate is doubled, even
the 3.75 MHZ Z-80 will not be able to keep up. Therefor, a
faster microprocessor will be needed. Since the vehicle
control unit will be outfitted with a GPS receiver, and be
required to do more computing, a 68000 or like
microprocessor will be needed. At this point, there are only
two remaining issues. One issue is to define which of the
pulse position bits are to be the most significant and least



significant, as well as defining the bits each chip code now
carries. The other remaining issue is to determine if
existing equipment which only utilized the “A” and “B” chip
code patterns can be easily upgraded to this scheme, or if
this scheme can be downward compatible.

In the event the above mentioned scheme does not provide the
growth potential needed, then an alternate scheme is
available. This scheme utilized the same four chip code
patterns, but doubles the clock rate from 10 MHZ to 20 MHZ.
See Fig 3. This will allow each 4.0 microsecond window to be
realized in 2.0 microseconds, thus the amount of time to
transmit a single word would take 18 microseconds instead of
the present 36 microseconds. By using four chip code
patterns, and doubling the clock rate, the overall data rate
can be increased by a factor of four. The major concern and
drawback to this proposal is obtaining a frequency
allocation with 20 MHZ of bandwidth in a useful portion of
the spectrum.

There are several risk associated with these upgrade
schemes. see Fig 4. The chip code sequences must be
determined for the additional two codes. Then, additional
hardware must be built to detect which of the four codes
correlated, and produce the two bit code accordingly. New
surface acoustic wave detectors (SAW) must be designed.
Extensive testing of the multipath immunity needs
investigating once hardware has been developed.

CONCLUSION:
The proposed baseline datalink for the NGTCS program is the
GRDCUS datalink. This datalink would fulfill the immediate
18 ship requirement of NGTCS, but not allow any future
growth. The bit rate of the existing DFCS, GRDCUS, and MTACS
datalink can be increased without requiring an increased
bandwidth. The method for achieving this increase is to
select two additional 31-bit chip code patterns that are
orthogonal (not a subset or superset) to the present chip
codes, and to each other. This method suggest that each of
the four chip code patterns are assigned a two bit value ie:
00, 01, 10, 11. By allowing the chip code placement in the
present 4.0 microsecond window to deliver two data bits, and
deriving two additional bits from the determination of which
chip code sequence correlated, an increased data rate can be
realized. If more data thru put is needed, then an
additional 10 MHZ of bandwidth would be needed. In this
additional bandwidth, the chip code clock would be increased



from the present 10 MHZ to 20 MHZ. By doubling the chip code
clock, and utilizing four data code patterns, the overall
data rate could be effectively increased by a factor or 4.0
(3.6 effective).
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RISKS OF DATA LINK IMPROVEMENTS

C 680X0 / 80X86 CPU UPGRADES

- No risk
- Hardware and software tools already in place

C 750 KBITS/SEC DATA RATE @ 10MHz

- Low risk
- Must generate two now 31-bit chip codes sequences
- Re-design gate-array transmitter/receiver
- Re-design SAW detector

C 1 MBITS/SEC DATA RATE @ 10MHz

- Low Risk
- Must generate two now 31-bit chip codes sequences
- Re-design gate-array transmitter/receiver
- Re-design SAW detector
- Evaluate multi-path immunity because of repeating

codes

C 1+ MBITS/SEC DATA RATE @ 10MHz

- Medium risk
- Must generate two new 31-bit chip codes sequences
- Re-design gate-array transmitter/receiver
- 20MHz SAW technology
- 150nsec windows
- 50nsec pulse widths
- Evaluate multi-path immunity due to repeating codes

and faster window times


