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THE COMBINED USE OF PULSE ATTRIBUTES IN PROTECTED

CIRCULAR SIGNALS
By

Yu, Tomfel'd

In the literature of late much attention has been given to code
methods of constructing remote-control signals and to the combined use
of pulse atﬁributes [1, 2, 3, 4, 5], owing to the pressing need for
high-capacity ronote-cohtrol systems with protection against signal
distortions. Some authors [5] list among the inadequacies of signals
constructed ty a code method the absence of circularity and the complexe
ity of the encoding and decoding devices. It is, however, possible
and advisable to transmit in one signal information concerning the
state of an entire group of twoeposition objects, employing for this
purpose relatively simple encoding and decoding circuits,

A two-position object may be in either of its two possible statcs.;

In the noncircular method of transmission each state of a particular

object is transmitted by a separate signal, since it is impossible
to transmit information concerning one state of the object dy the
presence of a particular signal and information concerning the other

state by the absence of the signal. This means that for noncircular
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transmission of information concerning the states of M objects 1t is
necessary to have 2M signals, Each of these 2M signals must be placed
in correspondence with one of the states of one of the objects, In
order to report on the states of all M objects in the case of the
noncircular method of transmission, it 1s necessary to send M signals
one after another.

In the circular method of transmission, information concerning
the states of all M objects 1s transmitted simultaneously in one
signal., It is known that M two-position objects may yleld 2“ combinaf-.
tions of their states, In circular trarsmission each of the oM states
of the objects has its own speclal signal placed in correspondence
with it. It follows from this that for ecircular transmission in
groups contalning M two-position objects it 1s necessary to have 21‘l
signa.ls*. Moreover, information concérning both states of each object
i3 transmitted, Jjust as in the noncircular method, by an active signal
and not by the absence of a signal, The number of signals per object
is determined by the formula

No = %M' ’
In Table 1 we can see how the number of signals Ny per obJject
depends on the method of transmission and on the number of objects

in the group (M). It would seem that the circular method of trans~
mission 1s not advantageous, since it requires a large number of

,r‘:vf-eé.»_{ e
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* This condition is fulfilled in existing circular umung
systems, Hence we can conclude that an important criterion for the
use of pulses (the number of signals tg:: pullgz.cm be no 10:’ in

the ciroular method of transmission in code selection [7].
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TARLE 4

Naaer of odJeots in greup, M 1

Mmber of signals in noneireular 2|/ 212 |2]32({3% |32 (8% ]2
trensmission, Ny - . :

Nuer of signals in cireular 2| 223,74 |6,4/10,7/18,3] 23 136, 102,4
trensmission, Noo |

signals per object. However, we have yet to examine its advantages.
The combined use of pulse attributes, dealt with in Prof. M. A.
Gavrilov's papers (e.g., [2, 3]), allows a sufficient number of
signals to be obtained and permits the use of the "protective refusal'
method [1].
With combined use of pulse attributes, it is possible to construct
systems of signals (codes) free from distortions and containing a
large number of signals N chosen in accordance with the given distor-
tions with a small number of pulses per signal. Circular transmission
of information concerﬁing the state of a group of M objects will be

possible, if we use a system of signals which meets the condition

N 2M (1)

Fulfillment of this condition allows all or some of the working signals

M

of this system to be placed in correspondence with the 2~ combinations

of states of the objects of the group.
Let us consider the use of signals containing only complete

S

N

combination elements for circular transmission [2]., Distortions in
these signals may cause the transitions 1- 0, 0= 41, as well as 1 1,

but only between complete combination elements, and not within them,

FTD-TT-63-528/1+2+4 -3-




t N
oot

since in the given case the complete olomenta do not contain incomplete
combination elements. '

Let us first consider signal systems protected from one distortion
15 Oor O 1., In constructing such systems we assign as the numbers
m all the odd (or all the even) numbers included in n, where n is the
total number of coniplcte combimation elements in a signal., This means
that all signals containing an odd (or even) number of selecting
combination elements for a given n are chosen as the working signals
which enter into the system, The number of signals in such a system .
when m and n are odd, will be determined by the formula !

N-(:)+(;)+;..+(H’:)+...+.(;). (2)

Analogous expressions can be obtained for the number of signals
when m and n are even.,
Let us represent 2" in the form of a Newtonian binomial:

et m(3) (1) (5) - 2.

© i el

1., 2% 18 equal to the sum of the binomial coefficients. It is known
that in a Newtonian binomial the sum of the coefficients in odd posi-
tions equals the nun' of the coefficients in even positions. Taking
advantage of this property, we obtain

He(D)+()+ - Fmrms

i.e., the number of signals in a system protected against one unit

di:tortidn, when complete combination elements are used, is squal to
21,

When such & signal system is used, Condition (1) acquires the form:




BB (1)

¢

It is logical to assume that of the systems whisch meet this condition
it is advantageous to use the system with the least mumber of signals.
But the system having the least number of signals is a system satisfy-
ing the squality

201 Q¥ (1b)
Hence after taking the logarithms of both sides, we obtain
nm M4, . (3)

i.e., for dircular transmission in groups of M two-position objects
wittz, protection from one unit distortion it is necessary to have M + 1
complete combination elements for forming the signals.

Well-known to us is a coding method in which one "protective”
combination element is used to maintain a prescribed oddneas or even-
ness of the numbers m 1i.e., for protection from unit distortions
(see, for example, Hamming's paper [6]). Such a code is called a
systematic code,

TABLE 2
Objects Signals
] ObJect no, 1 2 3 ﬂ-mbe:lg& seabination 1 i 2 3 ‘
State of Syster. of sigmls
odjests (m are oad)
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In Table 2 binary numbers are used to show how it is possible to
transmit information concerning the state of three objects by means
ol four complete combination elements, Three élements directly trans-
mit the state of the obJects, while the fourth serves to maintain the
cddness or evenness of the numbers m, 1.e.,, to protect the signal system
from unit distortions. In the table the numbers in the column for
the fourth element are printed in boldface type.

Realizing the circultry for this method of transmission presents
no difficulties. In fact, the coding for the first three combination
elements can be realized with the aid of the contacts of the objects
included in the circuit of the pulse-attribute generating relay directly
through the switch contacts., In coding the fourth combination element,
it 1s possible to use the contacts of these same objects, since the
contacts form a symmetrical circuit with even working numbers, This
symmetriocal c¢ircuit connectad through the last switch contact will
ensure the actuation of the pulse-attribute generating relay, if an
even number of objects are switched in, and will thus keep the numbers
m odd,

It is also possible to keep m odd by means of a pulse separator,
which keeps track of the oddness or evenness of the number of units
during the coding of the first three code elements and switches on the
pulse-attribute generating relay to code the fourth element, if this
number turns out to be even.

Decoding on the receiving end can be effected with no less simple
a circuit. Selection relays, which fix the selecting attributes of |
each pulse of the signal, directly transmit the states of the objects.
The selection relay of the last combination element can serve for
protection; for this purposs a symmetrical circuit with odd working

b




numbers of contacts of all selection relays is included in the slave
circwit, This circult ensures reception of only working signals, i.6.,
signals with odd 3. '

© Control of the evenness or oddness of B oan also be effected
with the aid of a pulse-separator circuit. Then there will be no need
for the last selection relay. . |

Iet us now consider systems of signals protected from several
unit distortions. Let us assume that in the distortions A (or fewer)
seros change to units (or, conversely A units change to zeros), where
A > 1 (see Gavrilov's article [3]). To construct a signal system free
from such distortions, the numbers m are chosen in such a way that
they differ from each other by A + 1. When complete combination ele-
ments are used, a protected signal system for A > 1 may be constructed
in a manner siﬁlar to the systematic code.

In the signal n - A complete combination elements can yield all
the combinations, while A elements of the signal serve to ensure that
the prescribed numbers m are obtained. If, for example, when composing
the signal, b units (b selecting combinstion elements) are used up in
the n - A combination elements of the signal, then the A "protective"
olmixta of the signal must contain r = m-b units. These latter may
be arranged in any combination of A taken r at a time. Taking all
combinations of n - A combination elements b at a time and adding to
them all combinations of A taken p at a time, we obtain for given b
and given g the following mumber of signals: (Ng8) (n2p). Adding
up all these mumbers of signals for all possible b and all given m,
we obtain a formula for calculating the number of signals in a system

protected from distortions when A > 1 for complete combination elements:

i
:
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When using this system of signals with protection from several
unit distortions for circular transmission in groups of M objects, it
is possible to use those (n-A) complete combination elements which
yield all the combinations for direct transmission of the states of
the objects. In so doing, the equality

Mmnms, (5)

must be observed., Hence the number of combination elements in the

signal
ne M+ 4. (5e)

Let us now show that Condition (1) 1s fulfilled in this case.
In Eq. (%) let us use m, to denote that one of the given numbers m
for which the following relationship is observed for given b:
o<m—b<a. (6)

Iet us write Bq. (#) in expanded form:

”"(';A)(a:.);" ry [(m.+A+1 +(~+“+A)+"' +
+-+ ("3 +(cn.-3A-2-b tlo=ated)]+ (ba)

. +(u-—‘)(-‘ +(n .+A+1~‘)*"b?"?‘”?‘_)*'"].h.'.

In this expression all the square bracksts prove equal to sero,
since in parentheses of the form ‘

(m_‘_t-—'b)-.(;._zﬁ __z-c).... |
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the ozanuiona underneath are negative, while in parentheses of the
forn

r | (""4-: {— b) (""+u+3""’)""

the lewer expressions are greater than the uwpper, on the basis of IEq.
(6). As a result, only terms of the form ("s‘)(m%_,b) remain in Bq. (¥)i

e 5T ¢ +(~~‘)c.. gt

In this expression, all the cofactors (.bé,b)' are positive, and
soms of them are greater than unity. Since ’

z»-A’-("'o°)+("‘;°)+...+ g L
it is possible to write the following equality:

Ny>2r—a

or, making use of Eq. (5):
N>,

i.e., Condition (1) has been observed.

In eircular transmission NAc - 2M signals are used. Some of the
NA lﬁmll are not used, since the ccmbina.tlion possibilities of the
"protective” combination elements are not used. In circular transmise
sion it makes no difference for the transmission of information concess

ing the states of the objects at which of the A positions the "protecs
tive" units, added into the signal in the amount m, - b, are placed.
Therefore, ir obtalning NAC from NA, we discard all signals obtunod
from possidle combinations of A taken m, - b at & time, except for one :
out of every . |

L
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Listed in Table 3 are the values of the 2" signals which may be
used for ocircular transmission of the states of four objects with
protection from A = 2 distortions.’

TABLE 3
- 4
Objects Sm
Objest | 2 3 4 | Number of combina<d 2 | s 4 s | g
noe _tion elemont
I
State of System of signals
obJjeocts with proteciion
m distortion
2 (numbers
1 and 4 chosen
for m)
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Let us now consider the case where distortions ciun al-1
transition between complete combination elements,

For protection from such distortions the elements .a the signal
are divided into groups with;n which there is no such transition. | Any
of these groups individually may serve for ocircular transmission of
information concerning the state of M, = n, - A, objects by the same
method as in the case of 1~ O and O 1 transitions. Here i is the .
number of the group of signal elements; n, 1s the number of elements fé
in the i-th group, :

o1°n
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If the combination elements in the signal are divided into 1
groups, then the total number of circularly signalable odjects

' 1
M-M,'+M,+...+M.-‘2‘(n._m. (7)

In the special case where there are unit distortions within the groups

H ., H
M- —-1 - )—lo
‘gl(m ) (z.‘m (7a)
If, moreover, each group contains the same number n'r of combination
elements, then the numbe? of objects
M =g —1). (7Tv)

~ As an example, let us consider signals consisting of three pulses
of alternating polarity, in which an elongation of the pulse and an
appearance of a pause after the pulse are used as the selecting pulse

" attributes. Such a simple example has been taktn for the purpose of

reducing the cumhersomeness of the table of signals.

Assuming that an elongated pulse may be shortened with the appear-
ance of a pause, which means a signal distortion with a 1 1 transition
between complete combination elements, we shall divide the combination
elements into two groups. In one group will be the pauses, in the
other the elongated pulses: 1 = 2; n, = n, =3, According to Formula

(7a),

' Mumngnyemloml 432 mi,

i.e,, with the aid of three pulses with two selecting pulse attributes
we can service four objects with circular signals, If, however, we
use a sufficient number of pulse attributes, then the number of pulses

in & signal will be considerably less than the number of objects

. .




serviced, Therefore the circular method of transmission is more
advantageous when a combined use is made of pulse attributes than
when one selecting vpulu attribute is used (in the latter case M + A
pulses are required).

Depicted with the aid of binary numbers in Table 4 is a system
of three-pulse signals, which makes it possible to realize circular
transmission in groups of four objects, Four of the combination
elements in the signal serve to transmit information concerning the
state of the objects; the other two perform the protective functions.

The clrcuit which realizes the method of circular transmission
Just examined 1s shown in Fig. 1.

The following notations have been adopted in the circuflt diagram:
T — line relays (polarized): receiving the signal transmitted through
the communication line; T and T:I. -~ three~position relays; T2 - neut>al
adjustment relay, its armature may remain attrgctad to either one side
or the other, when the coil 1s de-energized; G — pulse generator
relays, these rclnys'conorate alternating-polarity pulses of normal
length and elongated pulses; L - relays which elongate the pulses
produced by the generator (subscripts refer to the numbers of the
elongated pulses); P — relays creating a pause in the communication
line (subscripts designate the numbers of the pulses followed by a
pause); Xy Xo» x’ «es = gwitch relays; DL - relays serving to detect
the elongation of a pulse (subsoripts designate the numbers of the
elongated pulses); DP -— rolivs detecting a pause arter a pulse (sud-
scripts refer to the number of a pulse followed by & pause); C, Cy»
02, oo = signal relays; FR, PPR — aux_liary relays which switch the
circuit at the receiving end on, so that it ocan receive; 0 - object
contacts; C8 -~ IMM contacts,




The circuit achieves circular transmission of information concern-
ing the states of four objects by using the signal system given in
Table &,

Keeping the numbers m odd and monitoring them is accomplished
with the aid of symmetrical circuits made up of the object contacts
on the transmitting end and the contacts of the signal relays on the
receiving end, Protection against a change in the number of pulses
in the signal is afforded by the last two relays of the switch on
tp. receiving end: 13 and X,, the contacts of which are included in
the circuit of the cutoff winding of signal relay C.

As 1s apparent from Fig. 1, the layout of a circuit which achieves
circular transmission by using a system of signals with "protectivé
refusal” can be rather simple. A sampling of objects differing only
slightly from ordinary distributional samplins’ is possible in the
circuit.

It is lnown that the circular method of transmission 1s advanta-
geous because of the decrease in the numdber of "beginning" relays, which
serye to start the indicating transmission when a change occurs in the
state of an object. In the circular method of transmission 1t is only
necessary to have one such relay at the transmitting end per group of
- M obJects, In the noncircular method of transmission it is necessary
to have a "beginning" relay for each signalable object. Moreover,
the circular method of transmission coupled with the combined use of
pulse attributes can provide a material gain in the time for transmite

* Therefore those authors who say that the "protective refusal”
method is applicable only to combination sampling (e.g., Abdullayev
[4]) cannot be considered completely correct.
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Presented in Table 5 is an sxample of the calculation necessary
for circular and nonciroular transmissions of a number of complete
combination elements in the presence of unit distortions (1-+ 0, O 1),
The signals are formed by sequences of alternating-polarity pulses
and are constructed as shown in Table 2. The elongation of a pulse

* N
RPN ok 2 Rt A
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and the appearance of a pause after it 'u'o used as th» complete

combination elements, since time attributes -are the most gonerally

useful in communication channels,
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All the odd numbers included in n are taken as thclnwnbers n.
The limits within which lies the ti;no necessary for circular and non-
circular cyclical transmission of the state of M objects are calculated.
The upper limits are calculated as the duration of a circular signal
with the maximum number of objects switched in and as the sum of the
durations of M noncircular signals with maximum m. '

The low.or limits are calculated for no objects switched in and
for minimum m. In so doing absolutely no allowance was made for the
time necessary to separate the noncircular signals. The duration of
a pulse 1s taken equal to 50 msec, the duration of an elongated pulse
is 150 msec, and the duration of a pause is 100 msec.

TABLE 5
‘rmntuu*,u,,'“":f L) 3 4 5.8 91 16 | 7 | =
Y ngmMatl 31 & | 5| 8 8| 10| 17| 18] =
Ctreular N, =2¥ 4| 8| 16| 32| 256 512 65536 | 2| 2am
v, ™% | 400 400 | 650 | 650 4150 | 1130 2150 | 2150 | 150
nee
|mme| 200/ 200 250 | 250 | 350 350 ) 550 8%0 | 950
n, 3( 4| 4| 5| s| | 6| 1| 7
Nawm2M | 4 8| 1
Ny ] 10/ 6] 18 32| 4| &
o |™=e | 8001200 1600 | 3250 | 5200 | 5850 [10400 |15300 | 28000
[
Wies |mine | 400 | 600 | 800 | 1250 | 2000 | 2250 | 4000 | 5100 | 9600
faatn = Yeemex 0| 200 150 | 600 | 860 | 4200 | 5860 | 2080 | 5480
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The data in Tadle 5 are presented in graph form in Fig. 2. It
is spparent from the graph that the difference in transmission time
for the eircular and noncircular methods comes out greater, the greoate
the mmber of objects in'thc group M.

Circular transmission can be carried out not only by using a
sigmal system with protective refusal, but also by using systemstic
error correction codes (see, for example, Hamming's code [61):

the elements of a signal carrying useful 1nrorn;tio; can directly
transmit the state of a group of objeets.

Having examined some of the possible ways of realiszing circular
transmission with combined use of pulse attridbutes, we should also
stop to consider the methods of group sampling, since in practice it
is usually necessary to transmit the states of several groups of two-
position odjects.

There are two basic methods of group sampling:

1) the method in which a part of the elements of the signal
located at its boginning is singled out especially for sampling the
group [7];

2) the more advantageous skimming method in which the group is
sampled by the first sampling pulse attribute in a signal, while the
rcmain;hc attributes serve for sampling the objects in the group [(1].

As applied to the combined use of pulse attributes in protected
circular signals, these methods will appear as follows.

B ﬁ%@.‘ -

1. Part of the combination elements of the signal nzr are ,
singled out for sampling the group. These elements can be distrihuto¢f~§
throughout the signal in any fashion. For group sampling, of course, :
we can single out only those elements which carry useful information,

and not the protective ones, It is more advantageous to locate the

-17-
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group sampling elements at the beginning of a signal formed by a
sequence of pulses, because with this location it is possible to
exclude unsampled groups during the time in which the objects are
sampled, and this improves the protection tfom interference in the
communication line. '

The group may be sampled: '

a) by one of the elements in Rgps
b) by certain combinations of Rgns OF
¢) by all the combinations of n_ .

2. Skimming method. The combiition elements of the group are
numbered, and a sequchce is made of the numhers. The combination
elements present in a given signal are called selecting elements. In
thelr positions are units in a binary number representing the signal.
One or a number of the first selecting combination elements sample
the group, while the rest serve to sample the cobjects and to perform
the protective funotions.

We have been considering above circular transmission using only
complete combination elements in the signal. If we use mcomplc.te
combination elemsnts, then with a small number of pulses 1}0 can obtain
an even groitﬁr number of signals than when using only complete combi-
nation elements alone. The number of signals in such a system is not
equal to 2871 [1, 2]. Therefore, when the system 1s applied to two-
position objects, other methods of coding the Asutu of a group of
cbjects are needed.

Iet us see in what way incomplete combination elements can replace

complete elements, in particular, during transmission or':_.nrcmuon
concerning the state of two-position objects. It is known [3] that
the number of signals that can be obtained from 3 incomplete combination

~18-




elements 1s equal to z + 4 (included here is the null combination of
the elements), whereas n complete combination elements yield 2"
combinations (Table 6). The condition for npluiu complete by

incomplete combination elements is expressed by the formula

v.
g

8 8

L

- hmber of cowplete combinatisn
eloments in the sigmal, n

2

Maber of objeots, M

Fig. 2. Time required for trans-
mitting information concerning
the state of M objects and the
number of signal elements in the
circular and noneircular methods
of transmisslion.

TABLE 6

froomplete combination | Corglete combinas
clements (s » 3)

$1ion elements (n ¢ 2) )

1 2 s |t 2

z+3

»-Oo0O0
CroO
OO wmoO
Ladl ol - X -]
- X -

Pasti (8)

Hence we can easily determine
the number g for given n:

St (9)
and, conversely, the number n
for given z:

R = [1083(‘ + 1),.

where the square brackets mean
that only the integral part of
the logarithm is taken.

To replace incomplete combi-
nation elements by complete elements
‘1t is necessary to take

nes(logs(z+ 1] +1

' complete combination elements,
In order to transmit

- information concerning the

state of “1 obJects,we must
use as many incomplete elements :

as are obtained when n is
replaced by M, in Eq. (9):
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If there are n complete combination elements, sach of which

contains g incomplete elements, then it is possidle to transmit circu-
larly information concerning the state of .

M = n {[logy(s + 1)) 4= 1}
two~position objects.

Incomplete combination elements are convenient to use for circular
transmission of 1nromt;on concerning the state of multiposition
objecta. If, for example, we compare the position of a three-position
objéct with a table of binary numbers for two incomplete combination
elements (as shown in Table 7), we can conclude that for transmission
of information conserning the state o;‘ a q-position object it 1is
necessary to have ¢-1i 1acon16to combination elements. For circular
transmission of M g-position objects at a time, it is necessary to
have M complete cambination elements, each of which contains q-~i incom-
plete combination elements. This case is mors general by comparison
with the case of two-position objects. The method of protection from
distortions and the method fa constructing a protected system of
signals by using incomplete combination elements has been set forth
in detail by Gavrilov [2]. It is possidble to show that, although in
the presence of nonunit distortions it is not possidble to use for
circular transmission the entire system of signals set up when using
incomplets combination elements, the circular method of transmission .
1s nevertheless a‘mtmo\n, owing to its simple cirouitry and its
speed in transmitting information concerning the state of all the
objects of a group.
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TABLE 7

L 4—%‘ ; -
: Obdess Weo | ' ,,;."“";.:.'&'.".?"&n" !

Poostsmma| 1 | 2 | 3 h:ﬂ:ﬁ&:1ﬂ!2? 1|8

— -5 S R T A

; ) 0 0 1 | Y 1

The state of a gq-position object may also be coded with the aid
of § incemplete combination elements (Table 8). A redundance (when
Q= 3) is exhibited through the fact that incomplete combination ele-
ments may yield one spurious position, i.e., the absence of selecting
elements. This position may be utilized to detect a failure of the
signal to pass from the decoder to the signal circuits, i.e., to
improve the protective properties of the signal system.

TABLE 8
ObJest , Signals
Mumber of somplete
Objest Noo ! conbination -lerent !
Pesition . usber of incomplets
Koo 1 2 3 rom«\ 01::::*.. 1 i 2 3
{
State of 1 0 0 Signals 1 0 Y
peypy 0 1 0 0- 1 1 0
0 0 1 0 ! 0 1
| |
Spurious position 0 { o j 0

It us consider this method, taking two-position objects with
protection from unit distortions as an example. For n objects we use

n complete combination elements, each of which contains two incomplete

combination elements.
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Each obJject has 1ts own complete combinatlon element, and each
state of an obJect has its own incomplete combination element. The
©s%2l number of units in the signal is controlled and 1s equal to n
{Tzble 9). Such a signal system is protected from the unit distortions
- 4 and 15 O,

In Goryainov and Raynes' article [7] the method cf signaling the
states of two-position objects 1s called "two-positicn signaling.”
and 1s thus a special case of the method for q-position objects ccnsid-
ered here. By analogy, thils method of signaling the states c¢f multi-
position objects could be called "q-position signaling."

It 1s also possible to use the method of constructing protectlve
signal systems set forth in Ulrich's article [8] for circular transmis-
sion of information concerning the state of q-position cbjects.

Briefly, it consists of the

TABLE 3 following. . To transmit informa-
Complete combination ] tion concerning the state of
slements ! 2
Incomplete combina~ i M g-position obJjects we use
t4on elements : 2 $ I 2
‘ signals which contain n=M + 1
Sigrals R R B complete comtination elements.
1 of ol 1
1 of 1] 0 M serve to transmit useful in“or-
| - mation, and one performs the
Chject | i 2 .
n protective functlons. Each
State of objest  |oOn o0 | on |ofr
J complete combination element

nm2; Mm2; mm2,
contalns z = q incomplete elements.

The incomplete combination
elements are numbered in natural
sequence, beginning with one. The numbers of the selecting combination

elements in that part of the signal which carrles the useful informaticn
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are added up. For protection, an incomplete combination element whose
number, when added to the aforesald sum, ylelds a multiple of z 1is
placed in the protective position. The sum of the numbers of all
selecting combination elements in the signal is checked at the receiv-
ing end. If 1t 1s not a multiple of z, the signal 1s distorted and
protective refusal occurs,

The method jJust put forth allows us to achieve protection from
distortions for which 1 £ A < z.

This method 1s also applicable to circular transmission of infor-
mation concerning the state of objects with a smooth change of state,
l.e., for q = », In this case the comblnation elements are placed in
correspondence with all real positive numbers from zero to a certain
whole-number maximum., The numbers corresponding to the selecting combi-
nation clements are added up. The sum should be a multiple of the maxi-
mum posslble correlated number, The protective combilnation element is
chosen in such a way as to fulfill this conditlon.

It i1s possible to transmit circularly information concerning the
state of M1 q-position objects by using z incomplete comblnaticn ele-

ments completely. For this purpose it 1s necessary that the equality
zm g, (10)

be fulfilled.

Cenclusions

1. To transmlit information concerning the state of M two-position
objects in one signal (i.e., for circular ¢transmission in a group),
v
it is necessary to have 2 signals, each of which corresponds to one

of the combinations of states ¢f the ctlects 2 the group.
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2. The combined use of pulse attributés 1s more advantagecus
than the use of one pulse attribute for circular transmissicn.

Z. Clrcular transnmission may be accomplished with the aid of
aystematic ccdes by using a sampling method close to distributicnal.
4, In the circular method of transmission, prrtectiocn frem
dlstortions may be realized both by the method of "protective refusal

and through error correction.

5. In the case of two-position cbjects 1t is convenlent to use
signals made up of only complete combination elements. In the cace
of multiposition objects it 1s convenlent to use incomplete combinztion

elements.,
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DISTRIBUTION LIST

DEPARTMENT OF DEFENSE Nr. Copies MAJOR AIR COMMANDS Nr. Copies
AFSC

SCFDD 1

DDC 25

TDBTL 5

HEADQUARTERS USAF TDBDP 2

AEDC (AEY) 1

AFCIN-3D2 1 AFMTC (MTW) 1

ARL (ARB) 1 AFWL (WLF) 1

APGC (PGF) 1

ASD (ASFA) 2

ESD (ESY 1

. - RADC (RAY) 1

OTHER AGENCIES SSD (SSF) 2
CIA 1
NSA 6
DIA 6
AID 2
0TS 2
AEC 2
PWS 1
NASA 1
ARMY (FSTC) 3
NAVY 3
NAFEC 1
RAND 1
PGE 12
AFCRL (CRILR) 1
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