
Cosmic Ray Experiments Source -
Encoding in the IMP-1 Spacecraft

Item Type text; Proceedings

Authors Cancro, Ciro A.; Janniche, Paul J., Jr.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:36:02

Link to Item http://hdl.handle.net/10150/606680

http://hdl.handle.net/10150/606680


COSMIC RAY EXPERIMENTS SOURCE-ENCODING IN
THE IMP-I SPACECRAFT

CIRO A. CANCRO and PAUL J. JANNICHE, Jr.
Flight Data Systems Branch

Spacecraft Technology Division
Goddard Space Flight Center

Greenbelt, Maryland.

INTRODUCTION

To cover a wide range of events, the cosmic ray experiments oh the IMP-I spacecraft
make use of three separate detectors. These are the medium energy detector (MED), the
low energy detector (LED), and the very low energy detector (VLED). As outlined in
Fig. 1, the source encoding associated with each detector receives output pulse signals
from its detector, identifies and analyzes events of interest, monitors event rates, selects
results to be telemetered and feeds these results to accumulators and then to storage
registers in the spacecraft central encoder. Since there are many other experiments on the
spacecraft, the central encoder transfers the data from the registers to the telemetry at the
appropriate times in accordance with the PCM format shown in Fig. 2.

In the source encoding system pulse level threshold detectors and coincidence-anti-
coincidence logic are used to identify events. Pulse heights are analyzed over a dynamic
range as large as 20,000. To more effectively utilize the limited data bits available,
analyzed events are selected for telemetry in a periodically changing order of priority.

The circuitry was designed to minimize weight, volume and power drain, and to maintain
stable characteristics while unattended for periods as long as one year. The operating
temperature range is -20EC to +60EC.

MEDIUM ENERGY DETECTOR

Fig. 3 shows a cross section of the medium energy detector (MED). The D, E, F and G
detectors are scintillating crystals which give a light output proportional to the energy
expended by incident cosmic rays. The light from each crystal is collected by its
associated photomultiplier tube. The tubes yield output electrical pulses with amplitude
proportional to the energy expended by the incident cosmic ray.



MED EVENTS ANALYZED

Fig. 3 also lists the events for which the energy expended in each of the D, E and F
detectors is analyzed. The events are detected and identified by threshold detection and
coincidence-anti-coincidence logic circuitry. Fig. 4 show a block diagram of a typical
threshold detector-logic arrangement used. Hybrid-tunnel-diode threshold detector and
logic circuitry, described in detail in references (1) and (2), is used. This circuitry has
relatively fast response times (50 nanosecond range) in addition to a low power drain
(milliwatt range).

The pulse height analysis (PHA) consists of determining the pulse amplitude of the D, E
and F output signals over a dynamic range as large as 20,000. This wide range is
obtained by use of multiple ranges and range selection.

Fig. 5 is a generalized block diagram of the wide range pulse height analyzer used with
the MED. As indicated, outputs are taken from three separate electrodes of the
photomultiplier tubes and fed to three identical amplifier, delay and linear gate chains.
The outputs have fixed amplitude factors of 1, 1/8 and 1/50. The signals in the X1 and
X 1/8 chains, after amplification, drive top-of-range threshold detectors. The outputs of
these threshold detectors feed the range decision circuit. Whenever an event of interest
occurs, as determined by the coincidence-anti-coincidence logic, the range decision
circuit opens the appropriate linear gate as indicated in Table I.

It will be noted that the input signal is delayed to allow time for the logic and range
decision circuits to determine which linear gate should be opened. The signal pulse
passed by the linear gate is converted into a pulse train, with the number of pulses
proportional to the signal pulse amplitude. The pulses in the pulse train are counted by
the accumulator in the central encoder. The range decision circuit also feeds the two
range bits, SF1 and SF2, to the central encoder. These bits indicate the multiplying factor
(X1, X8 or X50) to be applied to the readout from the pulse height analyzer accumulator.
A more detailed description of the wide range pulse height analyzer is given in
reference (3).



Fig. 6 is a system diagram of the MED source encoding. This shows the use of the three
range pulse height analyzer in analyzing D, E and F ‘ Table II lists the information bits
contained in an MED analyzed readout.

It will be noted that D and E have a common range or multiplying factor. As shown in
Fig. 6, a common range decision circuit is used for D & E with the top-of-range
threshold detectors driven by the sum of the outputs from the D and E detectors.

MED EVENT PRIORITY

Because of the limited data rate capability, one analyzed MED event is read out to
telemetry each half sequence or each 2.56 seconds (Fig. 2). Since pulse height analysis of
an event requires a process time of approximately 3.1 millisecond, many events may be
received and processed between readout times (each half sequence). To more effectively
utilize the limited data rate capability, the analyzed events are read out to telemetry on a
priority order basis.

Four separate orders of priority are used. These are listed in Table III, together with the
time during which each order of priority applies.



Priority order I applies during 3 of each 8 telemetry sequences, priority orders II and III
apply during 2 each of 8 sequences and priority order IV applies during the remaining I
of each 8 sequences. Priority order 1, applied for the longest time, assures processing of
the rarer events. The use of other orders of priority prevents one type of event from
predominating during periods of high activity.

Fig. 7 is a generalized block diagram of the MED event priority system. The
coincidence-anti-coincidence logic generates output pulses on separate lines for each of
the four events of interest. These outputs, if not inhibited, go through their respective
event gates on to the event encoder. The event encoder sets the EI and EII event
identification (I.D.) bistables, identifying the event received.

The outputs from the EI and EII I.D. bistables go to the event priority matrix. Also
feeding the event priority matrix are three lines from the central encoder which identify
thd telemetry sequence (0 through 7) and thus the priority order. The four outputs from
the event priority matrix, if not disabled by the inhibit-disable-at-start network, go on to
apply inhibit signals to the appropriate event gates. Thus, dependent on the telemetry
sequence (establishing order of priority) and the previously processed event during the
half sequence (indicated by EI and EII event bistables), the event priority matrix will
inhibit events similar to that previously processed and all lower priority events for the
remainder of the half sequence. Events at higher priority will be allowed through for
processing with the event priority system again operating as described above.

It will be noted that at the start of a half sequence the event priority matrix outputs tend
to inhibit one or more events (dependent on the last processed event during the previous
half sequence). The inhibit-disable-at-start network prevents the priority matrix outputs
from inhibiting any event at the start. Thus, the very first event, received after the start of
a half sequence is processed. The inhibit-disable-at start is removed after this first event
has been processed.

As indicated in Fig. 6, and Fig. 7, whenever an event is accepted for processing, the
event encoder generates a process signal. This signal initiates the process of opening the
linear gates, the pulse height to the pulse train conversions and the accumulations. After
a delay, to assure completion of processing, a transfer signal is sent the central encoder
which transfers the reading in the accumulator to a storage register, replacing the
previous reading, if present. This action clears the accumulator for the next reading.
Thus, the highest priority event occuring between readouts will be read out from the
storage register to telemetry each half sequence. As indicated in Fig. 2, the read out
includes the event identifying bits EI and EII. It will be noted from Fig. 6 that the central
encoder supplies a readout inhibit signal during telemetry readout. This signal inhibits
the system logic so that events will not be processed during readout. As indicated in
Fig. 6, the central encoder supplies the sequence identifying bits A, a1 and a2. These are



transferred to the sequence stage bistables (which drive the priority matrix) at the start of
the readout. A more detailed description of the event priority system is given in
reference (4).

MED EVENT RATES

Fig. 6 and Table IV list the 16 MED event rates monitored. These events are determined
by use of the coincidence-anti-coincidence logic circuitry described previously. An
output pulse of approximately 1 microsecond duration is generated when an event
occurs. The D1 · E ·      ·       and the D1 · E · F ·       event output pulses are fed directly
to accumulators Rl and R2 in the central encoder. The output pulses for the remaining 14
events feed the 7 commutating switches (M3-M9). The a3 bit supplied by the central
encoder changes state each snapshot (every 4 sequences) and controls the commutating
switches. Thus, as   indicated in Table IV, the output pulses from the remaining 14
events are accumulated during alternate snapshots.

Accumulators R1 through R9 in the central encoder are of the data compression type.
The accumulators with a capacity of 24 bits input perform logarithmic compression to
yield an output of 12 bits.

At the end of each snapshot, the central encoder transfers the readings in the R1-R9
accumulators to storage registers. The information in these registers is readout to



telemetry during the following snapshot in accordance with the format shown in Fig. 2.
Table IV summarizes the MED event rates accumulation and readout times.

MED SECTORED RATES

Fig. 6 shows 4 of the MED rate outputs fed to a sector commutator, the one commutator
output goes on to the MED sectoring in the central encoder. Here, this input is fed, in
turn, into each of 8 accumulators, dependent upon which one of the 45E sectors the MED
axis is pointing towards. Each accumulator counts the pulses in its sector. As indicated in
Fig. 2, the accumulating time for each event is 16 sequences with the telemetry readout
occuring in channels 6-15, frame 4 of sequence 12. The sector accumulators are also of
the 24 to 10 bit compression type.

Bits C25 and C26 from the central encoder control the sector commutator such that it
steps from one input to the next each 16 sequences. Thus, each of the 4 sectored inputs is
accumulated for 16 sequences out of every 64 sequences and is read out once each 64
sequences.

MED POWER DRAIN

The MED source encoding system has a power drain of approximately 1.2 watts.

LOW ENERGY DETECTOR

Fig. 8 shows the cross section of the low energy detector (LED). The A and B detectors
are solid state devices which yield an electrical output pulse with amplitude proportional
to the energy expended by the incident cosmic ray. The C detector is a plastic
scintillation feeding a photomultiplier tube. The tube yields an output electrical pulse for
an incident cosmic ray.

LED SOURCE ENCODING SYSTEM

Fig. 9 is a system diagram of the LED source encoding. As indicated, events are
analyzed over a wide dynamic range, analyzed events are telernetered on a priority basis,
event rates are monitored and sub-commutated, and 2 event rates are sectored. The
circuitry used is similar to that used in the MED system.

LED EVENTS ANALYZED

Fig. 8 lists the events for which the energy expended in the A and B detectors is
analyzed. The pulse amplitudes of A and B are analyzed over a dynamic range of 4000.
This wide range is obtained by use of the multiple range system described for the MED,



except that two ranges (X1 and X10) are used here. Table V shows the information bits
in an LED analyzed readout.

A and B have a common range or multiplying factor. As indicated in Fig. 9, the top-of-
range threshold detector is driven by the sum of the outputs from the A and B detectors.

LED EVENT PRIORITY

As with the MED, one analyzed LED event is read out to telemetry each half sequence or
each 2.56 seconds (Fig. 2). The LED analyzed events are also read out to telemetry on a
priority basis. From Fig. 9, it will be noted that a priority system similar to that described
for the MED is also used for the LED. The LED uses three separate orders of priority,
with the priority orders changing each sequence in accordance with the schedule shown
in Fig. 9. The sequence identifying bits A and a1, supplied by the central encoder,
control the priority order.

LED EVENT RATES

Fig. 9 and Table VI list the 10 LED event rates monitored.



The A · (A & B)1 · B ·      and the A1 · B ·      event output pulses are fed directly to the
R1 and R2 accumulators in the central encoder. The output pulses for the remaining 8
events are sub-commutated through the 8 position LED commutator. The output feeds
accumulator R3. Thus, as indicated in Table VI, each of these event rates are
accumulated for one snapshot every cycle, a cycle consisting of 8 snapshots. Sequence
I.D. bits a3, a4 and a5, from the central encoder control the LED commutator. The R1,
R2 and R3 accumulators are of the 24 to 12 bits logarithmic compression type. Table VI
summarizes the LED rates accumulation and readout times.

LED SECTORED RATES

Fig. 9 indicates that the A · (A & B)1 · B ·      and the A1 · B ·        rates are sectored.
These rates together with 6 VLED rates are sub-commutated. This operation will be
described in the latter section on the VLED rates.

LED POWER DRAIN

The LED source encoding system has a power drain of approximately 0.8 watts.

VERY LOW ENERGY DETECTOR

Fig. 10 shows the cross section of the very low energy detector (VLED). S and AS are
solid state detectors which yield an electrical pulse with output amplitude proportional to
the energy expended by the incident cosmic ray. The mechanical collimator acts as a
shield allowing cosmic rays only through the small opening at the top (line of sight).

Two detectors are mounted, side by side, perpendicular to the spacecraft axis. Both face
outward. These are the SI -AS1 and S2-AS2 units. Two other units are mounted along
the axis of the spacecraft, both facing away from the earth. These are the T1-AT1 and
T2-AT2 units. Two units are used facing each direction to provide redundancy.

VLED INTEGRAL ANALYZERS

Fig. 11 is a system diagram of the VLED source encoding. It will be noted that each of
the four detector inputs drive integral analyzers. The integral analyzers measure the
number of detector pulses per unit time (events meeting anti-coincidence requirements)
exceeding a pre-set threshold level. The threshold level is periodically set at seven
separate levels. The threshold levels cover a dynamic range of 50. Each of the four
integral analyzers, through commutation, drives its associated accumulator in the central
encoder. These accumulators are the 24 to 12 bit logarithmic compression type. The data
in each of the accumulators is read out once each snapshot as indicated in Fig. 2. The bits
a2, a3, a5 from the encoder control the threshold level and commutation. Table VII



summarizes the VLED accumulation and readout times. It will be noted that in addition
to the seven threshold level events, the anti-coincidence rate is monitored during one
snapshot out of every eight snapshots and readout once every eight snapshots.

Fig. 12 is a generalized block diagram of the integral analyzer. The input from the
detector (T) is fed to a variable level threshold detector. The threshold level is changed
periodically (once each snapshot). The anti-coincidence (AT) detector input is fed to a
fixed level threshold detector. The outputs of the threshold detectors drive the anti-
coincidence logic. This is the tunnel diode logic circuitry described previously for the
MED system. The logic out pulse (TX ·           ) and the anti-coindidence out pulse (AT1)
are fed to the commutator. The commutator, controlled by the central encoder bits a3, a4
and a5, drives the accumulator in the central encoder.

Fig. 13 is a schematic diagram of the threshold detector. A constant current drives the
common emitters of transistors Q1 and Q2. The constant current I = 2Ip, where Ip is the
tunnel diode (CR1) peak or firing current. With no input signal Q1 conducts and Q2 is
cut off because of the low d.c. impedance (secondary of transformer) on the base of Q1
and the voltage Vt on the base of Q2. An input pulse with amplitude exceeding Vt/n
causes Q2 to conduct and CR1 to switch to its high voltage state, yielding an output.
Thus, the value of Vt (which is controlled by the central encoder in the variable threshold
detector and constant for the fixed threshold detector) determines the threshold level.

VLED-LED SECTORED RATES

Fig. 11 shows that six VLED event rates are sectored. These rates, (S1)1, (S1)3, (S1)5,
(S2)1, (S2)3 and (S2)5, and the two LED rates A · B ·       and (A & B) 1 · B ·      , are fed
to an eight position commutator. The output of this commutator (controlled by the
central encoder bits C25, C26 and C27) goes to the VLED sectoring in the central



encoder. This sectoring operates similar to that described for the MED system with 8
separate accumulators counting events in each of the 8 sectors. As indicated in Fig. 2, the
VLED sectoring is read out once each 16 sequences. Thus, each of the 8 rates to the
sectoring commutator is accumulated for 16 sequences each 128 sequences and read out
once each 128 sequences.

ANALOG PERFORMANCE PARAMETERS

Fig. 11 shows that eight separate detector leakage current inputs are fed to an eight input
analog gate. The inputs are in the form of a d.c. voltage in the range 0.0 volts to 5.0
volts. The output of the analog gate feeds into the central encoder. As indicated in Fig. 2,
this output is read out as an eight bit word once each 16 sequences. Thus each of the 8
performance parameters is read out once each 8 x 16 or 128 sequences.

VLED POWER DRAIN

The power drain of the VLED source encoding system is approximately 0.5 watts.
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Fig. 1 - IMP I Cosmic Ray Experiments Source Encoding System

Fig. 2 - IMP I Telemetry Format with Cosmic Ray Experiments Readouts



Fig. 3 - MED Cross Section and Events Analyzed

Fig. 4 - Threshold Detection and Coincidence-Anti-Coincidence Logic



Fig. 5 - Wide Range Pulse Height Analyzer, Generalized Block Diagram

Fig. 6 - MED Source Encoding, System Diagram



Fig. 7 - MED Event Priority System, Generalized Block Diagram

Fig. 8 - LED Cross Section and Events Analyzed



Fig. 9 - LED Source Encoding, System Diagram

Fig. 10 - VLED Cross SeCtion and Event Analyzed



Fig. 11 - VLED Source Encodin , System Diagram

Fig. 12 - Integral Analyzer, Generalized Block Diagram



Fig. 13 - Threshold Detector, Schematic Diagram




