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Processing Radiation Data On Board TIROS-N Satellite

J. H. Wisniewski
WDL Division

Ford Aerospace & Communications Corp.
Palo Alto, CA.

Summary. - The function of the data processing unit (DPU) as part of a space
environment monitor subsystem is described, with emphasis on special features in the data
handling process. Important design goals for achieving DPU performance are outlined.
Design implementation to achieve these goals is discussed. Some of the more complex
circuits are described in detail as examples of onboard data processing. The packaging
approach for effecting savings in weight and power is also presented.

Introduction. - The TIROS-N satellite performs two basic functions: collecting
meteorological data and exploring radiation that is present in the vicinity of the spacecraft.
To accomplish these functions the spacecraft contains a special subsystem, the space
environment monitor (SEM). The SEM consists of radiation sensing devices arranged into
three sensors, their electronics, and a data processing unit (DPU).

The sensors are mounted at different angles to the radial antiearth direction and are
designed to collect incident different species of charged particles (e.g., protons, electrons,
and ions) at different energy bands. The output from each sensor and its associated
electronics is a series of random pulses that result from the incident radiation. One of the
sensors, the total energy detector (TED), uses a programmed swept electrostatic curved-
plate analyzer (a piecewise-linear, parabolic voltage of proper polarity is applied) to select
the proper species and measure the intensity of the sequentially selected energy bands.

The DPU collects data from the sensors, performs the logarithmic compression of the
received counts (described in more detail below), processes data received from TED in a
special way, collects digital and analog housekeeping data, converts the analog data into
digital, and formats them into a serial stream.

DPU Performance Goals. - The three sensors generate 28 data sources. The data of most
sources is handled in such a way that the pulses appearing randomly on the lines are
counted over a specified time interval (different for different channels). The highest
expected count is 500,000, which is a binary 19-bit number. The special handling of TED



data generated additional sources, and so did SEM housekeeping. The projected amount of
SEM data exceeded the two telemetry channels allocated and consequently the data had to
be compressed.

To compensate for variation in the parameters of the sensor electronics over the lifetime of
the spacecraft, means had to be provided for inflight calibration by generating simulated
sensor inputs with a constant frequency and a known amplitude. Moreover, the design
goals had to be achieved with a meager power budget (1.5 W) and with a strict weight
limitation (7 lb).

The more interesting features of the design to implement these goals are described in the
following paragraphs.

Logarithmic Data Compression. - Although count compression had been handled by in-
house design in the past, it was decided to use a new device that became available at the
time the DPU design started. The new device was the 623C Floating Point Processor
developed by AMI for NASA’s Goddard Space Flight Center.

There are several compression modes and ways of operating the 623 compression counter
(see Fig. 1). The operation mode selected was:

a. To compress a 19-bit number into 8 bits.
b. To use a so-called positive shift clock.

Fig. 1 - 623 Compression Counter

In this mode the counter operates as follows: It provides for pulse counting, conversion of



the binary count to floating point (logarithmic compression), temporary storage of the
compressed count while simultaneously counting a second value, and serial readout. In
operation, counts are accumulated in a 19-bit counter shift register. An external Convert
pulse is applied, which inhibits further counting and begins a series of internal shift
operations that result in two 4-bit numbers, X and Y, stored in the X and Y registers. The
two numbers may be shifted out when appropriate, with the Y number first.

The actual count, C, is then recovered from the values of X and Y by the following
algorithm:

For Y = 8 and X = 15, C = 0
For Y = 9, C = X + 1

otherwise, C = 1 + (X + 16) 2n

where n = Y + 6 for Y between 0 and 8
n = Y - 10 for Y between 10 and 15

A complete set of count values as a function of X and Y is given in Table 1.

A 623 compression counter (c/c) with the proper logical control, data, and pulse inputs is
shown in Figure 1. The logic controls determine the compression and the operational
modes and also protect the counter from overflow.

Handling of TED Data. - As mentioned above, data coming from the TED underwent a
special treatment and evaluation. The programmed swept electrostatic analyzer provided a
sequence of particles of a different energy band every 1/13 second, the sequence being
repeated once a second for each of the four TED channels.

In the first 1/13 second interval, only background radiation was received during the
following 11 intervals, particles were received in gradually increasing energy bands; the
13th interval was a “rest” interval. The DPU requirements called for the following actions:

a. Transmit the background radiation count accumulated over a period of 16 seconds.

b. Transmit the total radiation over a 1 second period with different multipliers
preassigned for different 1/13 second intervals, and a special procedure for handling
of small counts.

c. Transmit differential counts of 4 out of the 11 intervals.



Table 1 - 623 Floating Point Processor 19-8 Algorithm

d. Continuously determine and transmit the maximum differential count occurring in a 1
second period.

e. Determine and transmit the interval in which the maximum occurred.

The timing diagram of Figure 2 shows the assortment of pulses generated to implement the
processing of TED data. The 13 pulses G1 to G13 are positive-going and each is coincident
with the boundaries of a 1/13 second interval. The Convert pulses, 11 per second, are
positive-going and each occurs at the beginning of the G3 to G13 intervals with a duration
of 6.2 ms. They are used as commands to the 623 c/c for logarithmic compression and
repeat themselves every second. Two pulses - Initial Register Clear and Initial Latch Load
- occur only once per second. This figure also illustrates the pulse groupings. Two groups



of 11 pulses (End of Conversion and Maximum End of Conversion) and one group of 12
pulses (Counting) occur at or near the interval boundaries and repeat every second. In
addition, there are “bundles” of pulses consisting of 8 pulses in a bundle, each pulse of
120 µs duration. The Differential Shift pulses (11 bundles) and the Maximum Shift pulses
(1 bundle) also repeat every second. The times of occurrence of the pulses are indicated in
the figure.

Fig. 2 - TED Data Processing Timing Diagram

Background radiation is processed as follows: The sensor output is allowed to pass to
the c/c only during G1. Every 16 seconds the count is compressed and transmitted.

Total radiation is measured during periods G2 to G12, as indicated by the counting gate.
This is the time when the electrostatic analyzer is in operation. The output of the same
sensor is passed to a different c/c during this period. The count is attenuated the most
during early intervals, with decreasing attenuation later on. The count is then
logarithmically compressed and transmitted. While performing this measurement, a check
is made to determine whether the count is small (less that 16). Table 1 shows that this
occurs when Y = 9, except for the special case of the count being 0 when Y = 8. The latter
possibility is eliminated by inserting a count of 1 during G1.

When the check verifies that Y is 9, X is being examined; and depending on the magnitude
of X, a special code has been worked out for Y, and X is modified by adding to it some
bits from the attenuator (prescalar).



Counts accumulated during intervals G3, G5, G7, and G9 (four differential flukes) are
continuously transmitted. The output of the same sensor is continuously fed to a different
c/c during the period defined by the counting gate. At the end of each interval a
logarithmic conversion is performed by the Convert pulses. The compressed counts of
intervals G3, G5, G7, and G9 are shifted out by the Differential Shift pulses into temporary
storage and later inserted into a telemetry frame.

The process of determining maximum differential flux is described in more detail, since it
is an example of complex onboard data processing. The circuit is shown in Figure 3.

Fig. 3 - Maximum Differential Flux Processor



The function of the circuit is to measure the fluxes during the timing intervals G2, G3, ...,
G12, to determine the maximum during any of these periods and the period in which the
maximum occurred. To begin with, at time 0 (beginning of the 1 second period) the Initial
Register Clear pulse clears register U11. The following pulse (Initial Latch Load) writes
the initial zero into latches U13 and U15.

The situation is complicated by the fact that the Y output of the compression counter is
skewed; it is a maximum for Y = 8. To make Y a maximum for Y = 15 (to get correct
comparison results), Y is augmented by 7 in the adder U12. In order to write a zero (0000)
into latch U15, it is necessary to make Y (pins 15, 2, 4, and 6 of U12) the input to the
adder 1001, when the word is loaded into U15 by Initial Latch Load. During G1, therefore,
Y is made 1001 by the logic connected to pins 2 and 13 of U11.

Another complication arises because the output of the compression counter for zero is not
Y = 0 and X = 0, but Y = 8, X = 15. Whenever this situation is detected by U7, the
maximum resulting from the preceding comparison is still considered a maximum.

The maximum count is determined as follows: The first output of the counter is available
during G3. This word is shifted into U11 by the Differential Shift pulses. The new word is
compared by magnitude comparators U14 and U16 with the old word stored in latches
U13 and U15. If the new word is not “zero” and if it is larger than the old word, the new
word is written into latches U13 and U15 and also into register U17. Note, however, that
the word stored in U13 and U15 is modified (Y is augmented by 7), and the word stored in
U17 is as it comes out from the compression counter. Eleven comparisons are made for
each 1 second period, starting with G3 and ending with G13. The maximum word is shifted
out by the Maximum Shift pulses occurring during G1.

The process described above also leads to the determination of the index of the maximum
flux (the circuit is not shown). At the beginning of the 1 second period, a 4-bit counter is
cleared and later advanced by the counting pulses at the beginning of G2, G3, G4, etc.
Whenever a new maximum is found, the contents of the counter are dumped into a
register. At the end of the 1 second period, this register contains the index of the time
interval Gn in which the maximum occurred.

In-Flight Calibration. - The capability of in-flight calibration is provided to compensate
for changes over lifetime in the sensor electronics. The calibration procedure is initiated on
command. In response, the DPU generates a programmed sequence of timing and analog
signals. Each sensor has its own calibration program; the TED program is described
below. Figure 4 is a schematic of the TED in-flight calibrator.



Fig. 4 - TED In-Flight Calibrator

The 100 kS - 0.1 µF initializer ensures that when power is turned on, certain signals
remain in a prescribed state:

a. Counters U14, U17, and U18 are set to zero.

b. U8-1 is set low, thus blocking the 80 Hz clock from reaching the CD4029
divide-by-15 counter.

c. By setting U6B-13 low, the 192 second square wave is prevented from reaching
counter U14.



Action begins when the START IFC command has been received. This command sets
U16-13 high, U6B-13 high, and clears counters U14, U17, and U18. Since U6B-13 is now
high, the 192 second square wave gains access to counter U14. When this signal goes
high, the U14 counter goes from state 0 to state 1; U14-1 becomes high. This makes U7A-
1 high and consequently U8-1 high; CAL. ON/OFF becomes high. As a result, the 80 Hz
signal gains access to the divide-by-15 counter and to the two counters, U17 and U18, that
operate the 10 bit D/A. Counter U17 is now advanced by one count every 187.5 ms. The
voltage ramp begins to increase linearly and reaches a peak of 8 V exactly after 192
seconds; the beginning and peak of the voltage ramp are coincident with two consecutive
rise times of the 192 second square wave. This timing relationship is shown in Figure 5.

Fig. 5 - TED Calibration Waveforms

Each time counter U14 is advanced, a new voltage ramp is generated. When the counter
reaches state 5, U14-4 goes high; this makes U7B-13 high and results in U8-1 going low.
The 80 Hz clock is blocked; when U8-1 goes high, U8-2 goes low; as a result U6-A
generates a pulse which makes U6B-13 low and the 192 second square wave is blocked.
The calibration sequence is terminated.

Counter U14 goes through four states; calibration starts when it reaches state 1 and is
terminated when the counter reaches state 5. (It can be terminated earlier by a
TERMINATE IFC command.) The duration of the calibration period is 768 seconds (4 x
192). During each state a ramp as shown in Figure 5 is generated. Four such ramps are
generated for a complete calibration sequence, also two timing signals, Z1 and Z2; Z1 is
high during the first two states, Z2 during the last two. When the sequence is completed,
all the logic signals (Z1, Z2, CAL. ON/OFF) are low and the voltage ramp output is zero.

The received ramp is “chopped” by the sensor electronics at a constant rate. Pulses of
known frequency are generated which increase gradually in amplitude due to the linear 



increase in ramp voltage. These pulses are applied to the sensor electronics while no data
is being received from detectors.

The evaluation of the received data makes it possible to determine whether any shift in
thresholds of a tested channel has occurred.

Packaging Approach, Power and Weight. - In the packaging approach a special effort
was made to cut down on weight and save power. One means of minimizing weight is to
employ high packaging density; this reduces the number of boards required, thus reflecting
smaller dimensions of the containing box. Figure 6 shows a typical DPU board. It is 2 by 4
inches, has up to 39 input/output pins, and contains 15 integrated circuits (some boards
even contain 18). In addition, deposited resistors are used when no special precision is
required (which is most of the time), and mainly chip capacitors are used throughout.

Fig. 6 - Typical Printed Circuit Board

Secondly, the CD4000 CMOS family is used exclusively in the logic design. This logic
family cuts power consumption by at least an order of magnitude in comparison with low
power TTL. A wide variety of IC’s is available and the designer feels no constraint in
getting whatever he needs. The use of this logic family allows us to be within the assigned
power budget.

The final packaged DPU, shown in Figure 7, has dimensions of 10.2 by 11 by 2.72 inches,
a weight of 6.2 lb, and a power consumption of 1.46 W. The design goals were thus
achieved well within the weight and power budget.



Fig. 7- TIROS-N SEM Data Processing Unit


