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ABSTRACT OF THE DISCLOSURE 
An improved pulse position modulator is described 

wherein selected pulses ordinarily representative of the 
zero signal level of the information to be transmitted 
are deleted. Deletion is accomplished by generating a pulse 
position modulated signal representative of the informa 
tion signal and having a preselected pulse repetition rate, 
with selected portions of the pulses therefrom deleted 
by use of another pulse train of the same repetition rate 
but delayed in time by an amount corresponding to the 
position of the pulse to be deleted. 

The present invention relates generally to a pulse posi 
tion modulation (PPM) technique applied to wired or 
wireless communication systems and, more particularly, to 
an improved pulse position modulation (PPM) system to 
be used in the random access discrete address (RADA) 
communications systems. 

In the known PPM communication systems, only the 
pulse positions are varied in accordance with the input 
modulating signal voltage, while the pulse amplitudes 
and widths are kept substantially constant. Also the rate 
of sampling the information signal to be transmitted is 
made, according to the sampling theorem at least twice 
as high as the predicted maximum frequency component 
contained in the information signal. As compared with 
other types of pulse modulation systems such as the delta 
modulation and the pulse code modulation, the pulse posi 
tion modulation has outstanding features such that the 
average rate of transmission pulses for securing the equiva 
lent degree of transmission quality is relatively low or, in 
other words, that the average pulse spacing in the modu 
lated PPM pulse can be made large. It is therefore possible 
to save the mean transmission power and consequently 
to reduce the interfence with or disturbance to the neigh 
bouring communication channels, particularly in the 
RADA system. The above-mentioned long average pulse 
spacings are also advantageous when applied to the RADA 
systems in which each of the transmitted pulses is often vir 
tually expanded in its width at the reception site to the 
order of several times as large as the Original pulse on 
account of the so-called multipath transmission effect. To 
take advantage of these characteristics PPM transmission 
has found widest application in the RADA system, in 
which a few frequency channels are shared ‘by a plurality 
of communication stations. 
According to a statistical analysis, the redundant time 

interval in a normal telephone speech, during which in 
terval the instantaneous speech signal voltage is substan 
tially zero, amounts to more than one-half of the total 
speech time. With the conventional PPM communications 
system, pulse emission is maintained at a regular sampling 
rate even in such redundant time interval. It may be said 
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therefore that such conventional PPM communications 
system has ample room for reducing the average transmis 
sion power. 
A typical approach to reduce the mean transmission 

power is found in the so-called TASI system, which em 
ploys the voice-operated switch. The switch is adapted 
to detect the envelope of the voice input signal and sup 
presses the pulse emission at every moment at which the 
input level is zero. In order to unfailingly detect the en 
velope, however, such switch must have a comparatively 
large time constant to follow up the lowest frequency 
component of the input voice signal. This unavoidably 
results in some defects such as the so-called mutilation of 
conversation at the rise time of the voice signal. Also, 
failure of prompt suspension of pulse emissions is inevi 
table at every time point immediately after the return of 
the voice signal level to zero. 

Accordingly an object of this invention is to provide an 
improved PPM communication system which is capable 
of eliminating the aforementioned defects of the conven 
tional PPM systems using voice-operated switches. 
Another object of this invention is to provide a PPM 

system comprising means for suppressing pulse emission 
at every time point at which the voice input level becomes 
substantially zero, such as in the pause in the normal 
speech, with a view to considerably saving the average 
transmission power emissions. 

Still another object of this invention is to provide a 
PPM particularly adapted to the RADA system, which 
provides a plurality of communication channels without 
resorting to elevation of the average transmission power. 
FIGS. 1, 2 and 3 are schematic block diagrams of three 

preferred embodiments of this invention, respectively. FIG. 
4 illustrates schematically the timing relationship‘ among 
typical voltage waveforms at various positions in the 
circuit arrangements shown in FIGS. 1 through 3. 
Now the principles of this invention will be described 

with reference to the appended drawings. Referring to 
FIGS. 1 and 4, an embodiment of this invention shown 
in FIG. 1 has sampling pulse oscillator unit 11 consist 
ing of sampling frequency oscillator 111, Schmitt trigger 
of sinusoidal wave into a rectangular wave and ?rst mono 
stable multivibrator 113 triggered [by the output of Schmitt 
trigger circuit 112 for generating a train of regularly 
circuit 112 for converting the sampling frequency signal 
spaced narrow-width sampling pulses as shown in FIG. 
4(A). A sawtooth-wave generator 12 generates in re 
sponse to the sampling pulses (A), the sawtooth wave as 
shown at FIG. 4(B). The sawtooth wave (B) is applied 
at input terminal 131A to pulse position modulator unit 
13 consisting of PWM modulator 131 and a second mono 
stable multivibrator 132. A modulating input signal shown 
in FIG. 4(C) is applied to the other terminal 131B, of 
the modulator, wherein comparison is performed between 
the sawtooth wave (B) and modulating signal (C) for 
producing a train of PWM pulses during the time interval 
in which the modulating signal amplitude is larger than 
the amplitude of the sawtooth wave, as shown in FIG. 
4(D). The second monostable multivibrator 132 generates 
PPM pulses of extremely short duration, as shown in 
FIG. 403), at every trailing edge of the PWM pulse 
(D). The PPM modulated pulse (E) emerging from the 
multivibrator 132 is applied to an input terminal of the 
inhibit gate 16. 
On the other hand, the sampling pulse from the genera 

tor 11 is subjected to delay at delay circuit 14 by one-half 
of the sampling period T (microseconds). The delayed 
sampling pulse is applied to a third monostable multivibra 
tor 15, which generates a pulse train having, as shown in 
FIG. 4(F), the sampling repetition rate and larger width 
than the PPM output pulse (E). The output pulse train 
(F) of the monostable multivibrator 15 is supplied to the 
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inhibit input terminal of the inhibit gate 16. Thus, the PPM 
pulses (E) from the second monostable multivibrator 132 
is inhibited by the output (F) of the monostable multivi 
brator 15, every time the pulses (E) coincides with the 
pulse (F). The output of the inhibit gate 16 is supplied 
to a fourth monostable multivibrator 17 provided for 
shaping purpose. The output of gate 16 is shown in 
FIG. 4(G). 
To establish the virtual coincidence of the zero-modu 

lation component of PPM pulse train (E) with the pulse 
train (F) which is delayed by T/2, a DC bias voltage 
is always applied to the input terminal 1318 of the PWM 
modulator 131. Due to the bias voltage, the modulator 
131 generates such output pulses as cause the second 
monostable multivibrator 132 to produce corresponding 
output pulses actually delayed by T/2 at the time point 
where the modulating signal is zero volt. 
Assuming that the amplitude of the modulating input 

signal (C) is not zero, the PPM output (E) will have the 
constant duration and the variable spacing as shown at H 
FIG. 4(E). However, inasmuch as the modulating signal 
(C) occasionally has zero-volt amplitude even in the dura 
tion of a word or a syllable, there will be those zero 
modulation components among the pulses of PPM output 
(E) which should not be inhibited at the gate 16. It is 
statistically estimated, however, that such zero-modulation 
components appear quite rarely. 
As will be understood from the foregoing, the majority 

of the PPM output pulses (E) are delivered to the fourth 
monostable multivibrator 17 Without being inhibited by 
the inhibit pulses (F) from the third monostable multi 
vibrator 15. 
During the time period when the modulating signal 

(C) becomes substantially zero as shown by CO in FIG. 
4(C), pulses E1 and E2 of the pulse train (E) are at the 
same repetition frequency as the sampling pulses and are 
delay by 172 with respect to the sampling pulses. Since 
pulses E1 and E2 coincide with pulses F1 and F2 of the 
pulse train (F), they are inhibited at the inhibit gate 16 
and not delivered to the fourth monostable multivibrator 
17 as shown in FIG. 4(G). 
Now an analysis will be made of the reason why the 

information to be transmitted is substantially unimpaired 
even when the pulses E1 and E2 are removed. 

Even when the modulating signal is present at terminal 
1313, some of the PPM pulses (B) may be within the 
duration t,3 of the pulses (F) and inhibited at the inhibit 
gate 16, as mentioned above. The number of inhibited 
pulses, however, is extremely small as will be analyzed 
hereunder. Assuming that the pulse modulation degree is 
denoted by :tm/Z and that the modulating degree signal 
waveform is sinusoidal, the probability PL that pulses will 
be inhibited in the total number of pulses is expressed as 

Obviously, the number of discarded pulses increases as 
the modulation degree decreases. Also, the probability 
becomes negligibly small for pulse duration tc taken su?i 
ciently small as compared with t,,,. Furthermore, all pulses 
are inhibited at the inhibit gate 16 and no output pulses 
are delivered to the monostable multivibrator 17 for 
tcgtm. Accordingly, the pulse duration t, of the pulse 
train (F) determines the lower limit of the modulating 
signal levels. Assuming the maximum and the minimum 
input signal level are denoted by Vmax and Vmm, respec 
tively, the dynamic range D of the present PPM system 
is expressed as 

D=vmaxlvmin==tmhc 
The dynamic range is small for large values of t,,. If tu 
is made too small, those pulses E1 and E2 of pulse train 
(E) that are to be inhibited will not be suppressed satis 
factorily, because of the presence of noise components 
contained in the modulating input signal. Accordingly, a 
suitable value of tc must be predetermined in relation to 
t,,,. Communication systems of this kind are normally 
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4 
designed to have dynamic ranges of the order of 10. In 
the present PPM system, assuming that D=l0, the dis 
carded pulse rate will be extremely small, being about 
6.36%, for a 100 percent modulation by a sinusoidal 
wave. 

Incidentally, the conventional PPM demodulation 
equipment is applicable as it is to demodulation of the 
PPM pulses transmitted by the above-mentioned present 
PPM system. In other words, any conventional PPM 
receiver with the conventional demodulator can be used 
as the counterpart of the PPM transmitter described 
above. On reception by the conventional equipment, it is 
true that the demodulated signal level is lowered, as 
compared with the reception of the PPM signal from the 
conventional PPM transmitter the degree of level lower 
ing is however only nominal as will be analyzed here 
under. Let signal levels obtained by demodulating PPM 
signal of the present PPM system and a conventional PPM 
system be denoted respectively by P, and Po. Then the 
relative level loss factor Pd, which is equal to P.,—-P,/Pc 
or 1—-P,/Pc, may be expressed as 

when tmgtc (as in the normal case), the above equation 
can be rewritten as 

Since Pd is only 0.0423% for 11:10, this relative level 
loss factor can be substantially neglected. This signi?es 
that pulses of no practical importance (which do not 
materially contribute to the information transmission) 
have been discarded in the information transmission ac 
cording to this invention. 

In the second embodiment shown in FIG. 2 of this in 
vention, sampling pulse oscillator unit 11, ?rst sawtooth 
wave generator 12, PPM modulator unit 13, inhibitor gate 
16, and multivibrator 17 are similar to those mentioned in 
FIG. 1. Instead of the delay means 14 and multivibrator 
15, employed in the ?rst embodiment, a second sawtooth 
wave generator 12' for sawtooth waves of substantially 
same amplitude and repetition rate as the ?rst sawtooth 
wave generator 12, and a second PPM modulator unit 13' 
are employed here. The modulator unit 13’ consists of 
PWM modulator 131' and a monostable multivibrator 
132', which are quite similar to PWM modulator 131 
and monostable multivibrator 132, respectively. The saw 
tooth wave (B) supplied from generator 12’ through 
input terminal 131A’ is compared at PWM modulator 
131' with a DC bias voltage applied to the input terminal 
13113’. 
The manner in which the PPM pulses (G) are produced 

in this embodiment is exactly the same as in the ?rst 
embodiment. In order to product the inhibitor pulse train, 
use is made of the second sawtooth-wave generator 12' 
and the second PPM modulator unit 13’. The DC bias 
voltage applied to the input terminal 1313' is made equal 
to that applied to the input terminal 1313 to attain the T/ 2 
delay. As a result of the amplitude comparison between 
the sawtooth wave (B) and the constant D.C. bias volt 
age, the inhibitor pulse train shown in FIG. 4(F) is pro 
duced by the modulator unit 13'. By use of the inhibi 
tion pulse from the modulator unit 13’, the output pulses 
E1 and E2 of the pulse train (E) are inhibited at the 
inhibit gate 16. 

In the third embodiment shown in FIG. 3, the saw 
tooth wave (B) from the sawtooth-wave generator 12 
is shared by the ?rst and second PPM modulator units 
13 and 13'. All the other elements and their functions 
are similar to those employed in the second embodiment. 
Therefore, further description of the embodiment is 
omitted. 

In the ?rst embodiment, a difference in T/ 2 time delay 
between the ?rst circuit including generator 12 and modu 
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lator unit 13, and the second circuit including delay 
14 and multiw'brator 15 is liable to occur, because the 
PPM modulator unit 13 is subjected to such ambient 
temperature change and source voltage variations which 
adversely atfect the amplitude comparison performed at 
the PWM modulator to the extent that the relative time 
positions of zero-modulation components E1 and E2 and 
the F1 and F, pulses cannot be maintained at T/Z. 
With the second and third embodiment, such problems 

are practically solved, because both the PM modulator 
units 13 and 13' are subjected to similar temperature and 
voltage variations. 

Obviously, the inhibit gate illustrated in any of FIGS. 
1, 2 and 3 may be substituted by any alternative means 
such that the power supply for the monostable multi 
vibrator 132 is switched “on” and “off” in response to 
the output of the pulse train (F). 

While the principles of this invention have been de 
scribed above in connection with the three preferred 
embodiments, it will be apparent to those skilled in the 
art that various modi?cations may be made to the in~ 
vention. 
We claim: 
1. A pulse-position-modulation transmission system 

comprising means for generating a sampling pulse train, 
means for generating in response to said sampling pulse 
train a sawtooth wave, means for amplitude-comparing 
said sawtooth wave and an information signal to pro 
duce a pulse-width-modulated pulse, means for convert 
ing said pulse-width-modulated pulse into a pulse-posi 
tion-modulated pulse, means for producing in response 
to said sampling pulse train a cancelling pulse syn 
chronized with a zero-modulation component of said pulse 
position-modulated pulse, said cancelling pulse produc 
ing means comprising means for delaying said sampling 
pulse train by a predetermined time period to produce a 
delayed pulse train, and means for providing a DC. bias 
signal to said amplitude-comparing means to establish 
substantial coincidence of said zero-modulation com 
ponent and said delayed pulse train, and means respon 
sive to said cancelling pulse for substantially suppressing 
said zero-modulation component. 

2. The system as claimed in claim 1 wherein said 
cancelling pulse producing means includes second means 
for amplitude-comparing said sawtooth wave and a con 
stant voltage to produce a constantly pulse-width-modu 
lated pulse, and means for converting the last-mentioned 
pulse into a second pulse-position-modulated pulse. 

3. A device for pulse position modulating an informa 
tion signal comprising 
means for generating a ?rst train of pulses at a selected 

repetition rate, 
means responsive to the train of pulses and the in 

formation signal for providing a pulse position modu 
lated pulse train representative of said information 
signal, said pulse position modulated pulse train pro 
viding pulses at the same repetition rate as said ?rst 
pulse train, and 

means responsive to the ?rst pulse train and said pulse 
position modulated pulse train for deleting selected 
pulses from the pulse position modulated pulse train, 

said deletion means comprising means responsive to 
the ?rst pulse train for delaying said pulses a pre 
selected time. 

said dellaying mean comprising means generating a bias 
signa , 

‘means responsive [resopnsive] to a sawtooth signal and 
said bias signal for producing a delayed pulse when 
said sawtooth signal and said bias signal reach a pre 
determined relationship with one another, said bias 
signal being selected on the basis of the pulse posi 
tion to be deleted from the pulse position modulated 
pulse train, 
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said delay being selected on the basis of the selected 

position for which pulses are to be deleted from the 
pulse position modulated pulse train. 

4. The device as recited in claim 3 wherein the pulse 
position modulated pulse train includes a position for 
pulses indicative of about zero signal level of the informa 
tion signal and wherein said delay is selected to delay the 
?rst train of pulses the amount necessary to substantially 
synchronize the delayed pulses with said zero signal level 
position. 

5. The device as recited in claim 4 wherein the zero 
signal level position is adjusted to occur at about the mid 
position of the time base for the selected repetition rate 
and whereby said delay is adjusted for said mid-position. 

6. The device as recited in claim 4 wherein the range of 
pulse positions in the pulse position modulated pulse train 
is TIn seconds, and the pulse width of the delayed pulses is 
Tc seconds, and wherein the ratio Tm/Tc is greater than 
or about ten. 

7. The device as recited in claim 4 wherein said de 
leting means further includes an inhibit gate having its in 
puts coupled to said pulse position modulated pulse train 
and the delayed pulses to inhibit the occurrence of an out 
put pulse when pulses coincide at substantially the same 
time at both inputs and provide an output pulse indica 
tive of the pulse position modulated pulse train in the ab 
sence of said coincidence of pulses. 

8. The device as recited in claim 4 wherein said pulse 
position modulated pulse train providing means comprises 
means responsive to the ?rst pulse train for generating 

said sawtooth signal at the same repetition rate as 
said ?rst pulse train, 

means responsive to the sawtooth signal and the in 
formation signal for producing a pulse width modula 
tion signal representative of the information signal, 

means responsive to a transition of the pulse width 
modulated signal for generating a short pulse repre 
sentative of a pulse in the pulse position modulated 
pulse train. 

9. The device as recited in claim 8 wherein the pulse 
width modulating means comprises an amplitude com 
parator circuit comparing the information signal to the 
sawtooth signal and wherein the short pulse generating 
means comprises a monostable multivibrator. 

10. The device as recited in claim 3 wherein said means 
responsive to the bias signal and the sawtooth signal com 
prises 

an amplitude comparator circuit coupled to the bias 
signal and the sawtooth signal to produce an output 
whgn said sawtooth signal exceeds said bias signal, 
an 

a monostable multivibrator responsive to the output 
of the comparator circuit for producing said delayed 
pulse. 
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