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DATA QUALITY ASSURANCE IN A SHIPBOARD COMPUTER-
CONTROLLED TELEMETRY SYSTEM

H. E. BAGGOT
Interstate Electronics Corporation

a Subsidiary of A-T-O Inc.
Anaheim, California

Summary    This paper describes a computer-controlled telemetry system used as a
shipboard telemetry station for U. S. Navy Poseidon FBM weapon system testing. Built
into the equipment are rather sophisticated automatic tests. These tests allow expected.
equipment performance to be verified under conditions very nearly like those to be
encountered during the data receiving mission. Also built into the equipment are
provisions for real-time display and quick-look playback capability. These provisions
allow evaluation and analysis of the test results within a few hours of the operation.

Introduction    Each year since 1966, when Dr. M. H. Nichols presented a paper on
“Data Requirements for a Data Quality Assurance Program, 11 the International
Telemetry Conference has heard papers presented or discussions held on data quality
assurance. For several years, an apparent fault of many telemetry And/or instrumentation
systems is the inability to determine the quality of the expected data recording and
processing prior to the start of the operation. Another fault has been the limited amount
of real-time display and quick-look capability.

When Interstate Electronics Corporation began the design of a shipboard telemetry
system for Poseidon in 1968 (the system was described in detail by the author in an IEEE
paper presented at the April 1970 National Telemetry Conference), provisions for built-
in data quality assurance were included. This paper describes the telemetry/
instrumentation system with special emphasis placed on the built-in data quality
assurance provisions which enhance the data recording and processing quality and also
provide on-board real-time display and quick-look capability.

System Description    The telemetry/instrumentation system is installed aboard the
USNS RANGE SENTINEL (T-AGM-22), the latest missile range instrumentation ship.
Figure 1 shows the ship with its four primary tracking and one auxiliary antenna mounts,
and some of the approximately 50 racks of equipment. The system was designed and
produced under Contract N00030-69-C-0209 under cognizance of the U. S. Navy
Strategic Systems Project Office, Sp-25.



Figure 1.  USNS RANGE SENTINEL and the Poseidon Operational
Test Instrumentation System



Operational testing of the missile takes place in a broad ocean area such as the mid-
Atlantic. Because the operational tests are out of the area of an established land-based
range, the primary flight safety service is provided by the launch-area support ship
T-AGM-22, with secondary instrumentation and safety support provided by a down-
range support ship, typically the USNS REDSTONE (T-AGM-20).

As illustrated in figure 2, several test missiles may be launched in succession. The
T-AGM-22 is stationed near the launch site with up to four independent S-band tracking
antennas and receiving equipment available. To provide flight safety, the system
acquires, tracks, calculates, and displays flight parameters of all missiles independently.
Data collected from various instrumented sources provides a basis for evaluation of
overall weapon system performance as well as performance of the telemetry-
instrumentation system itself.

Figure 2.  Operational Test Launch Area Configuration

During a portion of the second-stage burn, the rocket engine exhaust plume prevents
reception of acceptable telemetry, signals at the launch-area support ship. Tracking
during this time is handled primarily by the down-range support ship, approximately 100
miles from the launch area. After the propulsion burnout, the launch-area support ship is
again able to receive good telemetry.

System equipments, such as the two computers operating redundantly, a direct-stroke
writer with character capability cathode-ray tube display system, a printer, magnetic tape
recorders, and oscillographs, are important elements in the design of the data quality
assurance provisions. The system functional operation and signal flow are shown in
figures 3 and 4.

Data Quality Assurance Provisions    Assurance of data quality is provided primarily
through various sets of system tests that can be performed in either an auto or manual
mode prior to the mission, self-tests performed just prior to launch, communications data
link loop tests (between the launch-area and downrange ships), and continuous 



 Figure 3.  System Functional Diagram



Figure 4.  System Signal Flow Diagram



comparison tests between the two computers. Another important provision for data
quality assurance is the system ability to detect and display alarms of conditions which
could contribute to failures or degraded data. Such conditions as receiver tuning, ship’s
motion, superstructure interference, sonar validity, and uprange/downrange
communications are continuously monitored; alarms are displayed for any condition that
exceeds a preprogrammed limit.

The repertoire of system tests conducted prior to the mission can be run either in an
automatic mode or selectively initiated in a manual mode. The auto mode sequence
includes approximately 70 tests and requires about 20 minutes to run. In this mode, all
equipment that can be tested under computer control is sequenced through the complete
repertoire of tests. The output of the auto mode is a CRT display summarizing the tests
which have failed, ordered by antenna. Figure 5 shows a CRT format; all test
configurations are shown here merely for the sake of format illustration (a completely
successful test run would not show any failed configurations).

An important subset of the auto mode system tests is specifically called data quality
assurance, or DQA, tests. The DQA tests are normally conducted approximately 30
minutes prior to the expected start of a mission to verify the operational setup of the
system and to test the more essential elements of the system. A typical output display is
shown in figure 6 (again, all configurations are shown as “failed” only for illustrative
purposes).

In the manual mode, several hundred variations of the system tests can be run, and this
mode is used primarily for fault isolation. The Telemetry Tracking Supervisor (TTS)
operator must enter the mnemonic and configuration for each test he selects to run. The
manual mode is also used to enter mission frequency changes, which are typed in
through the keyboard; the receivers are automatically tuned to the commanded
frequency. (The most recently input frequencies are considered by the system to be
mission frequencies; auto mode tests are run only for those frequencies.) The output of
the manual mode is a CRT display, updated to show each test selected and the detailed
results of each, as shown in figure 7. The same information may also be printed out on
the digital printer, as shown in figure 8.

A transfer option allows blocks of up to 12 tests which failed on a recently-run auto
mode test to be brought into the manual mode display for closer inspection and selective
individual testing. This option may be repeated for subsequent blocks of 12 tests, so long
as there are tests remaining which failed in the auto mode and have not yet been
displayed in the manual mode. A summary of previous failures is initialized each time
the auto test mode is entered; otherwise, the failure summary is retained in core at the
disposal of the manual mode transfer option.



Figure 5.  Typical Auto Mode Test Display

Figure 6.  DQA Test Display



Figure 7.  Typical Manual Mode Test Dis play

The complete repertoire of system tests includes, besides the DQA tests already
mentioned: (1) noise figure tests, (2) bit error tests, (3) AGC calibration tests, (4) antenna
position/rate tests, and (5) autotrack tests.

The noise figure test measures the overall system noise figure by injecting a noise source
into the preamplifter being tested; noise level out of the receiver assigned to the
corresponding antenna is then measured. The noise source is turned on from the RIP test
control via commands from the central processor which specify the antenna mount and
the preamplifier designated for testing. The IF output of the receiver is routed to the
automatic noise figure meter for measurement. The output of the noise figure meter is
returned to the central processor for display (with an option to print when in the manual
test mode) of the results, configuration, and time of the test. The system is designed for a
system noise figure of 5.5 dB.

The PCM bit error test measures system bit error by injecting a signal level of
approximately 16 dB signal-to-noise ratio, modulated by a 393-kilobit serial bit stream
into a selected preamplifier and then counting the number of bit errors out of the receiver
video. This process may be carried out optionally by use of data from a selected
magnetic tape recorder track in place of the receiver video.

The bit error test can also be conducted by injecting the modulated signal into test
antennas (located approximately 100 feet from the main antennas) instead of the
preamplifier.



Figure 8.  Typical Printer Output

A simulator provides a pseudorandom bit error pattern which frequency modulates the
S-band signal in the RF test source. This modulation is detected in the data receiver in
the form of video or predetected IF. If the predetected IF is to be used for the bit error
test, the loop is completed by recording the IF onto a track of the tape recorder. The
computer then directs a switch matrix in the video patch so that the test discriminator can
receive the proper track. The receiver output switch matrix then selects between the
receiver video and the test discriminator as directed by computer control. A controller
performs a bit comparison and counts the difference between the bit pattern transmitted
and that received. The central processor detects the errors counted by the controller in
bit-error-per-million-bits and provides this figure as output test results. An excessive
error rate is alarmed.

The AGC calibration test calibrates the data receivers by injecting a signal through a
10-step attenuator to each preamplifier and then recording the results on the data tape.
This data can then be used to enhance the accuracy of data reduction. The 10-step
attenuator is positioned by the test panel via commands from the computer to give 10



calibration points, 10-dB apart, over the dynamic range of 90 dB, going upward from
-130 dBm as measured at the preamplifier input. The data combiner receives the AGC
signals and multiplexes them, along with other data, for recording on a single track of the
telemetry tape recorder. The test results are displayed on the CRT (as shown in figure 9)
with notation being made if an out-of -limit condition exists.

Figure 9.  AGC Test Display

The antenna position/rate tests are configured for the train, elevation, and traverse axes
of the 3-axis antenna mounts. Train and elevation are commanded to positions
approximately 90 degrees apart over the full range of motion. The traverse axis, limited
in its range of motion, is tested for a 20-degree sweep. The output of the test consists of
three parameters; time, overshoot, and delta. Time is the time (in seconds and tenths of
seconds) required for the antenna to move to 63.2 percent of the command sweep.
Overshoot is the greatest amount (in degrees and tenths of degrees) by which the antenna
passes the position which it is commanded to attain. Delta is the amount of difference (in
degrees and tenths of degrees),between the commanded position and the attained
position of the antenna five seconds after the command has been issued.

In the autotrack test, the antenna is pointed in the vicinity of a test antenna, which is
commanded to produce either a low or medium-level RF signal. If conditions for
autotrack are achieved, the antenna is placed in the autotrack mode and the autotrack
indication verified. The computer displays the test configuration and results, indicating
whether or not autotrack is achieved and maintained; the computer also reports angular
differences between the indicated and known deck angles to the test signal source.



The second primary category of tests for data quality assurance includes the system self
tests performed during the mission (just prior to launch), the continuous computer
comparison tests, and the communications data link loop tests. The self tests are
performed on the analog functions entered through the analog-to-digital conversion
equipment. Three basic self tests are performed. The first is for synchro data quality,
wherein the sine and cosine values for a given synchro function are normalized and
compared for consistency. The second are reasonableness magnitude tests. Here the
actual values of the functions are compared to reasonable limits; for example, the
traverse axis should stay in the range of ±25 degrees. Third are reasonableness rate of
change tests, where the change in a function from one time to another (normally one
second) is compared to a reasonable limit. Figure 10 shows a typical display.

For the computer comparison tests, word comparisons of critical data are made on a
continuous basis. Between the two computers, 75 data words of critical parameters are
transferred each way on a once per second basis. If both systems are operating correctly,
the data should match to a given tolerance. The test is simply a comparison between the
75 words gathered by a computer and the 75 words transferred from the other computer;
a typical output display is shown in figure 11.

An additional test in this category is the communications data link loop test, which may
be initiated by either the launch-area support ship or the down-range ship. The TTS
operator initiates (and terminates) the test with a keyboard command, which causes a bit
pattern to be transmitted to the down-range ship via the modem controller. The down-
range ship receives and retransmits the data back to the launch-area ship. An error count
of the number of bits in error per thousand is displayed and an excessive rate is alarmed.

Quick-Look Playback Capability    The system records both missile telemetry and
selected telemetry/instrumentation data in a PCM format to provide the basis of quick-
look playback. Hundreds of functions, such as antenna modes, antenna angles and
tracking system functions, are all multiplexed in a PCM format and recorded on a single
track of the 14-track recorder.

In real time, and in playback modes following the mission, these functions are used to
perform an on-board analysis of the performance of the system. Computer programs
allow selection of various display options as well as eight outputs to a 52-channel
oscillograph and outputs to the digital printer at a 5-pps rate. The display options
provided allow specific evaluation in four areas: (1) navigation, (2) antenna, (3) missile,
and (4) other selected functions. Figure 12 is a typical printer tape for navigation
evaluation.



Figure 10.  Display of Self-Test Results

Figure 11.  Computer Compare Test Display



Figure 12.  Navigation Evaluation Printout Format

This real-time and quick-look playback capability provides sufficient data so that a
comprehensive analysis of the system can be made within a few hours following a
mission.

Conclusion    The system described in this paper has been undergoing the last phase of
field checkout prior to becoming fully operational. The data quality assurance provisions
and quick-look capabilities have performed well and have proven to be effective in
determining the condition of the system prior to an operation.




