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ABSTRACT

The flashing light encoder has the assignment of transforming
data information imposed on a group of FM sub-carrier channels into
a form compatable with a flashing light transmitter. The encoder
samples the frequency in X<hannels and converts each frequency into
a time interval between two flashes. The coincidence of the start of
one sample with the termination of the previous sample provides for

maximum efficienty in the utilization of time and power.
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F LASHING LIGHT ENCODERS

INTRODUCTION
Neced For Flashing l..ight Encoders

Transmission of data from sub-orbital vel.cles is accomplished

primarily through the use of RF telemetry methods. However, during
certain phases of a vehicle's re-entry the build up of plasma sheaths
around a vehicle is such as to prohibit RF transmission from the ve-
hicle proper. One approach that has been suggested to assure data
transmission during the RF blackout employs a supplementary flashing
light transmitting system. This technique is illustrated in Fig. 1. By
either having the flashing light transmitter operate continually or op-
erate only during the RF blackout a continuous flow of data can be

realized.

For best economy in power the light transmission is in the form
of very short, high peak power light pulses with the intervals between
pulses being determined by the data being transmitted. As shown in
Fig. 1 it is the encoder which must transform the data being trans-

mitted into a form that can be used by the flashing light system.

Some general approaches to the design of flashing light encoders
are discussed in this report; and the one channel and multichannel en-
coders are investigated in detail. This investigation was an out-growth
of the Trailblazer II program conducted by Group 312 of Lincoln Lab-

oratory.
GENERAL CONSIDERATIONS

Inputs To The Encoder

Since the flashing light transmission system is but a support
system, the data to be transmitted is in a form usable by the RF tele-

metry system, Consequently, the data inputs to the flashing light
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Figure 1. Role of Flashing Light Encoder.



encoder are in the form of standard FM telemetry subcarrier bands.
Each data channel consists of a standard center frequency with a

*r 7.5 % or + 15 % deviation. The number of channels handled by the
flashing light system may not be the same as that of the RF system: for
all the data normally transmitted may not be important during the RF
blackout. The generalized input to the enceder therefore consists of X
channels of the standard subcarrier bands where X is equal to or less
than the total number of subcarrier bands used in the RF transmission.

Outputs of the Encoder

The best form of output to save power and to retain high signal
levels consists of a series of very short, high intensity, low duty cycle
pulses of light. The output information is encoded into the pulse fre-
quency or more precisely into the time interval between cach two pulses.
An economical form of encoding is illustrated in Fig. 2 Note that at the
beginning of each cycling of data a signature pulse is necessary to es-
tablish a relative time reference. 1In this figure this is accomplished
by transmitting a doublet whose width or time interval is less than the
width of any data channel. The first interval following the doublet is
denoted as T/\ and contains data as encoded from input channel A, The
next interval 'I‘B contains the data from input channel B and the rest of
the intervals follow suit. At the end. of the final interval Tx the doublet
is produced and the cycling of the data channels is recommenced. The
interval of the Nth channel TN varies between a minimum TN = 'I‘l
which is greater than the doublet interval and a maximum TN = 'I‘Z
determined by the over-all cycling rate desired. If all X of the max-
imum intervals were approximately the same and if the entire cycling
of data was to be cc;mpletcd in no greater than Y seconds then:;

Note, that because each interval of time commences with the termina-

tion of the previous interval, the average interval will be less than TZ
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and, in fact, if the encoder is a lincar operator and the original data
is lincar with the subearrier frequeney, then as shown in Fig. 3A:

i + Ly
fN . _ max ; min )
ave
o T S . 24102 2T.>T._>T, (3)
r Nave I 1‘1 +'l'2 ! I “ave 1
Nave
T,
and since TN - —_— <0 {4)
ave
for TZ > 3'1‘1
Y
Tave 2 X (5)

therecfore, if Tzis 3 or more times larger than ‘I‘l the average cycling

time of data will take less than half the upper limit of Y seconds.
The ratio of (TZ/TI = R) appears scveral times in the analysis

of the gencralized encoder. The ratio of dead space to used space is:

DEAD SPACE _ T S (6)
USED SPACE T, - T, R -1

It would appear from this criterion that to use the time most efficiently
it would be desirable to have R as large as possible. However, if the
encoder is a linear device in frequency as shown in Fig. 3A, then the
information is all crowded near Tl for large R. This crowding reduces

resolution of data. Therefore, some intermediate value of R should be

sought. ‘A range of R = 3 was seclected as a reasonable design criter~
ion. This keeps the ratio of at /ﬂ_ to a range of three
de = f de_ f
T2 T

which helps simplify the ultimate reduction of data.



It should be mentioned before leaving this topic that this form of
output is analogous to pulse width coding with the start and end of each
pulse marked with a light flash. The approach discussed here, how-
ever, is more efficient in both conservation of usable space and con-
servation power. This is brought about by the fact that the flash marking
the end of one pulse width also marks the beginning of the next pulse
width. Only half as many pulses arc necded and the dead space is

greatly reduced.
Encoding

The flashing light encoder must perform two basic operations to
transform the general input into the output previously discussed, namely
subtraction of frequency and division of frequency. This first opera-
tion is necessary to make the deviation from center frequency the larger
part of the signal. The second operation of division is needed to reduce
this deviation in frequency to a value consistant with the flashing lights.
These operations may be performed singularly or together by analog.
digital or hybr means. Since the generalizing of nonlinear encoding
sheds little light on the technique of synthesizing an encoder, this sec-
tion will deal with linear encoding only. A particular nonlinear analog
encoder, however, is discussed under multichannel encoders. Its

form of output interval as function of frequency is illustrated in Fig. 3B,
The typical input to the encoder will be of the form of:
([o - Al’o) < f< (fo +of ) (7)

where [o is the center frequency, A[o is the maximum deviation from
center frequency (usually 0,075 fo), and f is the instantaneous input
frequency. With the subtraction of a constant frequency fc and with
frequency division by K the output becomes the reciprocal of the time

interval as shown by Equation 8.

- 1 (8)

K T
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(>0 +& or f<f, -4, (9

Note that i’c can either be higher or lower than  but not in the
range of f or a double valued output function will result. Once the fo
is known the two constants, K and fc can be determined by the relation:

i M’c - ‘c _ o+ 1 (10A)
" = -Tx )

o &y # irc _+ 1 (10B)
4 R 7

2
where ‘l‘l and ‘I‘z are determined from considerations discussed in the
previous section. For digital and hybrid approaches it is convenient
to have K a digit of high factorability and for maximum simplicity tc
have K equal to ZL where L is a positive digit to be determined. With
this requirement a solution for Eq. (10) would not in general be pos-
sible without some relaxation in the value of 'I‘z and Tl' From the pre-
vious section it was found that TZ/TI or R should be near 3 in value or
R = 3 + AR. Eliminating f_ from equation 10A and B and making the
necessary substitutions we find:

3T,

—— | +1 =R = 3 + AR (11A, B)

(20) (27) v i
= (.925) (27)# 2

2
Figure 4 is a graph of equation (11) A with R assumed to be three, Once
a nondigit value of L has been determined from this graph the nearest
or most convenient digit value for L is chosen and AR calculated from
equation (12).
AR = -1.386 AL (12)
where AL is the difference between the digital and non-digital values

of L.
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To Use this graph the following approach is recommended:

Steps in Determining L Example

1. determine T, by Eq. (5) 3 channels, 100 ms cycle time
‘I‘Z z 33 ms

2. Determine subcarrier 13 4.5 Kc

frequency to be used

3. find point of intersection 5¢ L < 6 L = 5.2
as determined by graph1
The point will occur be-
tween two values of L

4. Use the equation 2L = -0.2 R +# AR = 3.3
AR = -1.386AL to de-
termine which of the two L
values of L should be se-
lected. This will be the
number of flip-flops neceded
for frequency division. For
multichannel the larger
value of L is preferred.

5. Solve equation (11)b ior fc = 12.4 Kc
fc, the frequency to be

1]
(S ]

subtracted.

Once fc and 2L have been determined for all channels the pre-
liminary design has been completed. It may be desired that the same
fc be shared by two adjacent channels. Under these circumstances a

further relaxation in R may be necessary.

AEEroaches

Of the many approaches investigated two seemed better suited
for this application, the digital approach of Fig. 5 and the analog ap-
proach of Fig. 6. Both utilize the same technique for performing the
initial subtraction in frequency. A local oscillator is mixed with the
input signal through the use of a gate which, after low pass filtering,
results in the difference frequency (f - fc). The subtraction in fre-
quency is particularly critical, for if an over-all accuracy of eo/o is de-

sired, the accuracy of the local oscillator must be better than (.15)¢%
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since orly 15 % of the input frequency spread is used for data. For
this reason the local oscillator must be very stable.

The digital and analog approaches differ in their method of fre-
quency division. In the digital approach the difference frequency sine
wave is transformed into a square wave of fast rise time through the
use of a Schmitt trigger circuit. This square wave is then frequency
divided by ?.l" wthere L is the number of flip-flops used in the frequency

division,

The analog system converts the difference frequency to a dc volt-
age, the level of which is a function of the difference frequency. This
dc voltage in turn controls a voltage controlled multivibrator. The ana-
log system is subjected to error in frequency division due to the dc
voltage conversion anu in the conversion of the dc voltage to the period
of the multivibrator. The total error in the analog approach can be ap-

proximated by equation (13).

Analog error = 7 (osc error) + (freq to dc error) +
(dc to r error) = A (13)

The one channel digital encoder has essentially no error intro-
duced in addition to the local oscillator error and is therefore more
accurate and hence more suitable than the analog system. However,
for a multichannel encoder an inherent error is introduced that is in-
dependent of circuit components. If frequency division is initiated at
a random time determined by the output of the (N - 1)th channel, and if
L. flip-flops are used for frequency division, then an output will be
achieved after ZL to (ZL + 1) cycles. The output time then could be as

much as -l-L x 100 o/o toolarge which indicated a maximum error from
2
mean of 1 x 100%0. Since the sampling is not begun at ran-

2
dom in the one channel encoder it does not suffer from this form of

error.




13

For fixed eycle time of Y seconds L must necessarily become
smaller as the number of channels become larger. Thus the larger the

number of channels the greater the inherent error.

max, digital error =E(osc error) + '—rm,-]loo 7’0 =
2

€ dx (14)
for X channels X > 1
max digital error = 7(osc error) IOO% = G (15)
|
for one channel X =1
thercfore when:
'"I]Tl' > (freq. to dc error) + (dc to T error) (16)

2

then the analog approach becomes more suitable from the stand point
of error. Graph 1, Fig. (4) will yicld an approximate value for L and
thus an approximate value for the inherent crror in multichannel digital
division.

The analog approach has another advantage which may override
a decisicn based upon the above equation when accuracy is not critical.
The output interval, TN varies as 1/f in the digital system where as in
the analog system TN can be made to vary directly with f. This im-
plies that the time intervals between flashes in the analog system could
be made linear with the original data where as the intervals are linear
with the inverse of the data or input frequency in the digital system.
When the output interval is a linear function of input frequence there is

no restrictiononR = TZ and therefore the dead space is eliminated.

I 1
The choice of approach then rests on the relative values attributed

to accuracy, linearity, data rate, and number of channels desired.
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A One Channel Working Mode)

The circuit of Fig. 7 is a one channel (channel 13) digital encoder.
The encoder reduces the 14.5 ke + 1.1 ke to imervals between flashes
of from 32 10 10 milliseconds. Five flip-flops were used for frequency
division as derived from the Graph of Fig. 4

The local oscillator was set at 12.4 ke as determined by equation
11 B. Temperature stablization was obtained through the use of diodes
in each collector of the escillator. A maximum drift from mean of 25
cycles or less than + .2 70 was achieved over the temperature range
of from -20° 10 + 160°C.

Mixing was performed by driving a gate alternately from cutoff
to saturation thus obtaining, upon filtering, a difference frequency of
maximum signal strength. The Schmiut trigger circuit is used to con-
vert the difference frequency to a square wave and the five flip-flops

divide the difference frequency by 32,

The sixth flip-flop and duo-output amplifier ar« employed to meet

the special requirements of two outputs at half frequency and » radians
7

4

The entire circuitry was packaged in a 4" 2"x 1"box and performed

out of phase with each other,

with a small error in a temperature range of from -68°C 10 +170°C
(-90°F to + 340°F).

The Multichannel Flashing Light Encoder

Shown in Fig. (8) is an eight channel encoder operating on input
subcarrier bands 9-16. Up to and including the filters this design is
primarily the same as that of the single channel digital encoder. 1If the
ratio of the center frequencies of adjacent channels were equal to the
square root of two then all local oscillators, each serving two channels,
could be related by factors of two in frequency to a master oscillator,

In general, however, the ratios of center frequencies of neighboring
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channels is 1.3 with the important EXCEPTION of 1.5 between channels
13 and 14. This value of 1.5 compensated sufficiently for the 1.3 ratios
to allow the use of a master oscillator technique on a group of channels
centered about channels 13 and 14. The master oscillator approach
reduces error because only one oscillator is needed and any error that
does result from oscillator drift can be calibrated out if necessary by

employing a dummy channel.

Immediately following each filter in the block diagram of Fig. (8)
is a block labled "freq. to dc¢™ This block converts the frequency from

the filter into a dc voltage proportional to:

1l
Eyo = Ale —R'C-c_ +B) (mn
where R, C, A and B are to be determined ard lf - [c is the difference
frequency. T is the period of the one shot multivibrator which is con-
trolled by the dc voltage Edc' Knowing the range of lf - [c and cal-
culating the desired value for the time constant of the multivibrator,
RC, is then determined. B and A are constants determined by the cir-
cuit parameters of the monostable multivibrator. Edc is now used to
bias the emitter of the non-triggered transistor in the multivibrator.
With proper sctting of the afore mentioned constants the period of this
multivibrator will be linearly dependent on the input frequency and thus

linearly dependent on the original data.

The output pulse of the first multivibrator occuring at the end of
TA is fed through the output amplifier to trigger the flashing light.
This same pulse is also used to trigger the next multivibrator so that
the beginning of one interval is concurrent with the termination of the
previous interval. At the end of a cycle in which all channels have
been sampled an unsymmetric multivibrator is triggered resulting in

the "doublet" pulse. The doublet or signature pulse is also used to



recycle the multivibrators. This operation is shown in the right side
of Fig. 8. The long period of the non-triggered side of this signature
multivibrator is larger than the maximum cycle time of the encoder

and is employed only to originate initial cycling or to maintain partial

cycling in the event that the cycle is broken, ’

18

The irequency ranges of the master oscillator as a function of the

number of channels needed is shown in Fig. (9). The preferred channels

were chosen to maximize the range of the choice in the master oscillator

frequency.

No. of
Channcels

8

7
6
5

-_— N W &

Preferred

Channels

9-16
9-15
10-15

10-14
(or 10,11,13
14, 15)

Any combination
of 10, 11, 13,
14, 15 Results
in Sufficiently
Wide Selection
of [c

Master OSC
Frequency {c

35,272 + 1728 cps

36,796 + 2052 cps
34,892 + 3600 cps
35,316 + 4040 cps

35,316 + cps

Figure 9. SELECTION OF CHANNELS AND FREQUENCY OF

MASTER OSCILLATOR




One Channel Encoder (Working Model) Top View.
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