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IMP H & J Encoder
APL #1 of |2

INTERFACE WITH APL CHARGED PARTICLES EXPERIMENT

This experiment utilizes 46 éach 24 to 10 bit log)
compressors and 11 éach 24 to 12 bit lo compressors for a
total of 3021 DDP bits in 57 each accumulators

The interface consists of 36 each wires and the trans-
mitted bit rate is 24 .32 BPS at the 400 IBPS rate.

SECTORING OF APL PULSES, GENERAL:

32 each 24 to 10 bit log compressors are provided for
sectoring. They are broken up into 4 each cets of B sectors
in a set. See references for drawings that give full details.
The contents of all 32 accumulators are transferred to their
" g "C" registers at the end of each snapshot (i.e., the
transfer rate is a function of bit raté). Thus the bit rate in
the 400 IBPS rate = 32 X 10/20.48 = 15.63 IBPS and that in the
1600 IPBS rate = 32 X 10/5.12 = 62.50 IBPS.

There are two modes of operation, the normal mode (i.e.,
OA is OK and ks = 1) and the failure mode (i.e., OA failed and

ks = 0).
OA is OK and ks = 1 Mode: This is the primary mode and

assumes that the OA computer is working and that the spacecraft
is commanded into the "0A SLAVE" (ks = 1) mode. The pulses are
accumulated and sectored over'%:spins in IMP-H (or 1 spin in
IMP-J) each snapshot independent of bit rate. Thus the scheme
is efficient at 1600 IBPS but has much dead time at 400 IBPS.

The result is read out once each snapshot. In this mode of

operation, the sector that occurs at the first coherent quarter-
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APL #2 of j2

spin after the encoder generated a, line goes plus (see Figure #2)

will start theiéﬁg complete spins (1 on J) * Data will be trans-
ferred from the 32 accumulators to their respective "YX'" registers
(when a, gO€S plus) in greater than 0.1 ms and less than 5.0 ms.
Since the accumulators are "frozen'" during the entire transfer
time, commutation by the experiment may be performed any time

ag goes positive as long as the switching is complete in<0.1 ms.

OA failed and ks = 0 Mode: This is the failure mode and

assumes that the satellite has been commanded into the telemetry
sync mode ( i.e., ks = 0). In this mode, no summing of spins

occur and the sectors are TM slaved as follows:

e 5 e T

i
{

Figure #1 jllustrates when the accumulators will read in
both IMP H & J failure modes.: As long as the bit rate is 1600
1BPS, the sectoring time closly resembles a single spin. 1In the
* SEE DETAILS IN APPENDIX C
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ACCUMI FOR IMP-H 11 FOR IMP-J

# COUNTS DURING : COUNTS DURING

s DR e
’1‘8 © Fr O & 1; Seq 1, All S8 " Fr 0=> 3, Seq 2, All SS
24 Fr 2 & 3, " " Fr4a—=>7, " "
fas Fr 4 & 5, " " Fr 8 =11, " "
’51‘8 Fr 6 & 7, " " Fr 12215, " "
5y Fr 8 & 9, " 1 Fr 0 = 3, Seq 3, All SS
& Fr 10&11, " M fr4a—=>7, " 4
T Fr 12813, " " ; Fr 8 =911, " "
8y Fr 14&15, " " ' Fr 12915, Seq 3, All SS
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400 IBPS mode, however, the sectoring will be over 4 spins and E

the sectored data will probably not mean much.,

SECTOR INPUTS INTERFACE: (Lines @ thru @)

The 4 each lines are to have the standard accumulator input

characteristics described in Appendix C for a,6 Zin of 10 K.

C) APL Se-1: 1Input to 8 each 24 to 10 bit log compressors

connected as shown:

-

Sector # Accum #
1 APL Se-1 @8
2 " @
3 " @81*
! 4 ; @, ! RO = Fr 2, Seq 2, All SS
; e (se @ qg -3 Input)
% 5 " (5% g Daughte§ 163, Type 3
:! 6 " @8 ;l\
i :
BT )
L g APL Se-1 @, ||
L | :
=

@; APL Se-2: Input to 8 each 24 to 10 bit log compressors

connected as shown:

\ i .
' Sector # | Accum #
! - B

|

|
3 | APL Se-2
|

T T

RO = Fr 10, Seq 2, All SS
(Se 5. 4 Input)
Daughte? 163, Type 4
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IMP H & J Encoder
APL #4 of |2

APL Se-3: Input to 8 each 24 to 10 bit log compressors 1,-
connected as shown: E
E.
Sector # Accum # 1
1 : 1 i
1 APL Se-3 ] E
|
2 " @, | g
3 " @l |
4 " @, 7 RO = Fr 2, Seq 3, All SS
- (se ® - 5 Input)
5 " Gyt Daught§§ 163, Type 5
5
6 : ®,
7 " % ) i
8 APL Se-3 @
J
APL Se-4: Input to 8 each 24 to 10 bit log compressors
connected as shown:
- M
ESector # Accum # |
i o~ 1
i1 APL Se-4" @ ||
' ' " \ E ‘
C i
L3 &
L4 " @ RO = Fr 10, Seq 3, All SS
’13 ? (se & - 6 Input)
S " ®, | . Daught8? 163, Type 6
i % ;
7 + 1" @% ‘
8 APL Se-4 @8 | \
J
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APL #5 of [Z

APL NON SECTORED RATES, (GENERAL)

25 each 24 bit log compressors are supplied for non sectored

rates as follows:

7 each 24 to 12 bit read out every snapshot for 7 x 12/20.48
4,10 IBPS(@ 400 IBPS. (R1 thru R7)

4 each 24 to 12 bit read out every other snapshot for 4 x 12/
40.96 = 1.17 IBPS(@® 400 IBPS  (Rg thru Ryq)

14 each 24 to 10 bit read out every other snapsnot for 14 x 10/
40.96 = 3.42 IBPS{@ 400 IBPS  (R;, thru R,.)

Thus 8.69 IBPS(@ 400 IBPS are supplied for non sectored rates.

Figure #4 enclosed explains where transfer occurs. Please
note that a dead time occurs(® transfer of $0.1 ms and 5.0 ms
during which the accumulators will not accept pulses.

RATES ACCUMULATORS INTERFACE ( Lines (5 thru_ 29 )

All 25 each lines are for pulse inputs to the 24 bit log
compressors and have standard input characteristics described in

Appendix C for an input Z of 24 K ohms. See Figure 4.

1

. (e
b et s

ik 1 - (- 52 ‘

() AﬁL R Pulse Inpuﬁ for Accum #LR 2a2 ! ; )
® -Ry: #LR12a,-
@ -Ra: #LR12a,- /-

1" I » B &
@D ﬂ—~_E5; " #LR12a2—fr
® " -Rg: . " #LR12a,- - <

1" = " _ Lz
© -Rg: #LR12a,
) APL-R: R #LR12a,- 2(
Q} APL—RS: Pulse Input for Accum #LRlZaS— ¢4
(3) " -Rgt #LR12a, -

" . " —
d% —Ryo: #LR12a, /1
Q/l APL_Rlli #LRIZES-—:_-‘
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Pulse Input for Accum #LR10a3" i

" #LR10a3~2
" #LR10a,- >
" #LRlOa3 (-
" #LR102a 5 - 7
“ #LR10a,- !
! #LR10a - "7
t #LR10a - 1
! #LR102a - i
" #LR10a, -
" #LR10a,- 2
. #LR10ag- "
. #LRlOa.3
Pulse Input for Accum #LR].Oa3 S

TIMING SPIN SIGNALS INT INTERFACF(LILFS @:)8 ¥;))(:E\’“RAL

Tnere are two modes of operation

Z and Fizure

spin in th

i

OA is ok % ks=1l:

5 of this spec.).

(0A Computer Slave)

OA failed_ & ks=( -0

The lines have the standard output
< GRD® 112 K .
e OA CO PUTER SLAVE I'ODE and the unbarred functions

plus going at the reginning of the sequeﬂge; are use

s (™ Siave)

They are plus— goirg at the

>

the TM slaved MODE where:

k =

E

1l

C

“Frame Rate
D 2 Frames Rate = 640 msk; +160 ms e

4 Frames Rate

390 mss(k,+ 80 ms o (1-k)
(1-k)

1.28 sece (k) + =50 ms e (1-K)

t if 400 & O if 1600 IBS.
See GE-1281.-450 Sh 2 of 2 for more informatiomn.

toth signals are approximate square waves .

for these lines (see sheet 1 &

of + ¥ 17,4 V.56 K &

Leginning of the
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IMP H & J Encoder
APL #7 of |2

@ APL - 8: 8 cycles / spin if in OA SLAVE (i.e. lfs =1).
1f TM SLAVE (i.e. ks = 0)
D if IMP H

c if IMP J

6}, APL - 16r4: 16 cycles/spin if in OA SLAVE (i.e. ks = 1).
If TM SLAVE (i.e. ks = 0)
E if IMP H

D if IMP J

TIMING TM SIGNALS INTERFACE: (Lines @ thru @) See Figure #2

These 5 each lines are very nearly square waves that are
positive going at the beginning of the function (i.e., at the
start of Ch O, Fr-:0, etc.). The + level ¥ 7.5v@ 56 K and the
- level = gnd@ 112 K. The period of these functions are a

function of bit rate. See Figure #2 for lines @ thru

timing.
@ APL-an: 1 cycle/2 snapshots
@ APL-a,: 1 cycle/page
@ APL-a.: 1 cycle/2 pages (= 8 snapshots)
@ APL-ag: 1 cycle/4 pages = 1 album (= 16 snapshots)
@ APL-a,: 1 cycle/2 albums (= 32 snapshots)
REFERENCES :

GE-1281-507: Telemetry Format (IMP-H)
GE-1281-163: '"Daughter #D for individual bit structures.
(OTHERS TO BE ADDED LATER)
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IMP H & J Encoder

Appendix C
sh #7 of 19

The filter effectively filters out switching spikes at f; but noise
spikes may still be present on the line due to pick up. It is
therefore advisable for ;he experimenter to take advantage of the
large voltage swing between the two states to perform his switching.
If differentiation of leading or trailing edges of svnc pulses is
required, it must be dene in the experimenter's package by the
experimenter taking into gccount the noise problem mentioned above.
C;incidence of one sync pulse to another will be within 50 microseconds
of each other when filtered.

L. ANALOG INPUTS
0 to +5v DC at ZIN = 100 K +1%
See Appendix D for full details

II. FLOATING POINT COMPRESSION

A.  GENERAL
The deQelopment of AMI's M0S Thick Oxide Process has been so rapid
that it now takes onlv one chip to do 24 to lZIbit floating point
compression. Two basic types of compression will be done as follows:
1. 24 bits compressed to 12 bits telemetered as X1X2X3XaX5X6X7C102C3C405
where the 5 each C bits are the number of shifts to the right
required to find the firstﬂlnand the 7 each X bits are the value
of the seven bits preceding the first"1?

Thus the first 255 counts will be telemetered with no error
and the maximum counting error will be 1/27 = 1/128 or +1/256 or
less than +1/2%.

24 24 bits compressed to 10 bits telemetered as X3X ¥ X X G EC4C

4X5XgX7C1C9CCCse

It will be noted that this is the same as the 12 bit comnression

except that the Xl and X2 bits are not read out.

P——————
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Thus the first 63 counts will be telemetered with no error and
the maximum error will be 1/25 = 1/32 or #1/64 or less than
+1.6%. The compressed answer will be held in temporary storage
and nondestructively read out at the telemetry rate.

EQUATIONS FOR 24 TO 12 BIT COMPRESSION:
The bit compressor formats the word:

X1X2X3XAX5X6X7C102C3C4C5.

For 12 bit compression all 12 of the bits are telemetered while for
the 10 bit compression the Xl and X2 bits are not telemetered. The

compression of the 24 bit accumulator word, "Ac", will be expressed by:

Ac = x12(16-N) + xzz(”"N) + x32(18‘N) + X42(19—N)

" X52(20_N) + X62(21—N)

where ;E; = 1/2 (2(16HN) —l) for 12 bit compression

or A

and N

(22-N) (23-1) ’
+X,2 + .f_» + 1\

1/2 (2(18-N) —1) for 10 bit comnression

0 1 2 3 4
2- + 2 bl
Cl.. + C22 C3._ + CAZ + CS"

SOME SPECIAL CASES:

1s If N = 31, the contents of the accumulator was zero which means
the accumulator received 1 pulse.

2. If N = 0 and all the X's = 1 then the accumulator reads all 1's
which means it received no pulses since the last time it was reset
to ”1'5".

3 Anytime Nl>16 (For the 24 bit accumulators) negative exponents will
result. Disregard only the negative exponents because less than
256 counts were received for the 12 bits, or less than 64 counts

were received for the 10 bit accumulztor so "Ac" will accurately

represent the contents of the accumulator.

PTS T TTIRTS o T o T W S T g Y ST op ey crton) R 3 et 4+
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4, Since the accumulator is set to all 1's instead of reset to all
0's, the contents of the accumulator will be one less than the
number of pulses counted, therefore, Ac + 1 = number of pulses
counted,
. The accumulator is set instéad of reset for checkout

purposes and to avoid any race problems.
BRIEF DESCRIPTION OF OPERATION OF 24 TO 12 BIT COMPRESSOR:

The 24 bit accumulator counts at a maximum rate of > 640 KC. Upon

a transfer command, the 24 bit accumulator is frozen (will accent

no more pulses) and the accumulator is changed into a 24 bit shift

register.

If the last bit in the shift register is not "1" the shift
register is shifted right one place and the C register receives a

count. The shift register is shifted right one place and the C

register receives a count. The shift register will shift until the

last bit is a“luadvancing the C register by 1 on each count or will

shift until the C register reads 31,°*

Thus the C register gives the number of shifts to find the first
one., The last bit of the shift register will be a“l”(therefore, is

not telemetered) and the next 7 leftmost bits Xl thru X7 are tele-

metered for a 12 bit compression. .The 7 each X bits and 5 each C

bits are held in temporary storage and are nondestructivelv read out
synchronously with the telemetry. When the next transfer pulse occurs
the compression process repeats.

The entire process takes less than 5 milliseconds and more than

100 microseconds during which the accumulator will not accent pulses.

Thus the experiment may switch at this time.

e e YA
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At the end of the compressdion, the accumulator is set to all "1's
ready to again count pulses.

D. SOME EXAMPLES (See Chart #1)
Assuming 12 bit compression
. 1. For example #1, N = 12 and the 12 telemetered bits

will be: X1X2X3XAX5X6X7CIC2C3C4C5

0o0o000OO0OOOO0O11O0

11

and Ac = Q+0+0+0+0+0+0+27" + 1/2 (24 - 1) = 2048 +

1/2 (15) = 2055.5+7.5
i For example #2, N =€ and the 12 telemetered bits

will be: X1X2X3X4X5X6X7C1C2C3C4C5

111111100000
and Ac = "All 1's" = no pulses in.
3. For example #3, N = 31 and the 12 telemetered bits

will be X1X2X3X4X5X6X7C1C2C3C4C5

000000011111
and Ac = "All 0's" = 1 pulse in,
4.  For example #4, N = 20 and the 12 telemetered bits

will be: X1X2X3X4X5XGX7CIC2C3C4C5

000011000101

-4 -3 9 -1 0
and Ac = X.27 " + X277 + X277 + X,277 +1X2" +1X2
1% " 32 3 4

+ox2% + 27 + 1/2(2"4 -1)

1

Disregarding all negative exronents we get

he=2"+2l 42314+ 2+8=11

(e.g., 12 pulses in) and there is no error.

n
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