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6 Claims.

This invention relates broadly to secret com-
munication systems involving the use of carrier
waves of different frequencies, and is especially
useful in the remote control of dirigible craft,
such as torpedoes.

An object of the invention is to provide a
method of secret communication which is rela-
tively simple and reliable in operation, but at
the same time is difficult to discover or decipher.

Briefly, our system as adapted for radio control
of a remote craft, employs a pair of synchronous
records, one at the transmitting station and one
at the receiving station, which change the tuning
of the transmitting and receiving apparatus
from time to time, so that without knowledge of
the records an enemy would be unable to deter-
mine at what frequency a controlling impulse
would be sent. Furthermore, we contemplate
employing records of the type used for many
years in player pianos, and which consist, of long
rolls of paper having perforations variously posi-
tioned in a plurality of longitudinal rows along
the records. In a conventional player piano rec-
ord there may be 88 rows of perforations, and
in our system such a record would permit the
use of 88 different carrier frequencies, from
one to another of which both the transmitting
and receiving station would be changed at in-
tervals. Furthermore, records of the type de-
scribed can be made of substantial length and
may be driven slow or fast. This makes it pos-
sible for a pair of records, one at the transmit-
ting station and one at the receiving station, to
run for a length of time ample for the remote
control of a device such as a torpedo.

The two records may be synchronized by driv-
ing them with accurately calibrated constant-
speed spring motors, such as are employed for
driving clocks and chronometers. However, it is
also within the scope of our invention to pe-
riodically correct the position of the record at
the receiving station by transmitting synchro-
nous impulses from the .transmitting station.
The use of synchronizing impulses for correct-
ing the phase relation of rotary apparatus at a
receiving station is well-known and highly de-
veloped in the fields of automatic telegraphy and
television.

Other more specific objects and features of
our invention will appear from the following de-
tailed deseription of a particular embodiment
thereof, as illusirated in the drawings, in which

Fig. 1 is a schematic diagram of the appa-
ratus a} a transmitting station;
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Fig. 2 is a schematic diagram of the appa-
ratus at a receiving station;

Fig. 3 is a schematic diagram illustrating a
starting circuit for starting the .motors at the
transmitting and receiving stations simuitane-
ously;

Fig. 4 is a plan view of a section of a record
strip that may be employed;

Fig. 5 is a detail cross section through a rec-
ord-responsive switching mechanism employed in
the invention;

Fig. 6 is a sectional view at right angles to the
view of Fig. 5 and taken substantially in the
plane VI—VI of Fig. 5, but showing the record
strip in a different longitudinal position; and

Fig. 7 is a diagram in plan illustrating how
the course of a torpedo may be changed in ac-
cordance with the invention.

Referring first to Fig. 7, there is disclosed a
mother ship 10 which at the beginning of opera-
tions occupies the position 10a and at the end
of the operations occupies the position 10b. This
mother ship discharges a torpedo [f that travels
successively along different paths (2, 13, 14, I5
and 16 to strike an enemy ship 11, which initial-
ly occupies the position [Ta but which has moved
into the position 1Tb at the lime it is struck by
the torpedo i1. According to its original course,
the enemy ship {7 would -have reached the posi-
tion #7e, but it changed its course following the
firing of the torpedo, in an attempt to evade the
torpedo. '

In accordance with the present invention, the
torpedo Il can be steered from the mother ship
10c and its course changed from time to time as
necessary to cause it to strike its target. In
directing the torpedo it may, under some cir-
cumstances, be observed directly from the mother
chip 10, or its course may be followed by an
observer in an airplane 18 who communicates his
findings to the mother ship 10a. It is also possible
to control the torpedo directly from the airplane
8 if the latter is equipped with the necessary
synchrohous transmitting equipment in accord-
ance with the invention. )

Under the particular circumstances of Fig. 7,
the enemy ship IT was traveling in a straight line
substantially parallel to the mother ship 10 at
the time the torpedo was discharged, and the
latter was directed forwardly at a substantial
angle to compensate for the speed of the ship
1T and for water currents represented by the
small arrows 19. However, as a result of the
change in course of the enemy ship ITe¢ and the
effect of the water currents, it is observed that
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the torpedo, if it continues on its original course,
will miss the enemy ship. Hence it is steered
by remote control to depart from the path 12

and follow the path 13. At later times it is noted

that further changes are necessary, and its course .

is successively changed from the path 13 to the
path 14, to the path 15, and o the path 18, in
order to strike the enemy ship {1b.

The remote control of the torpedo as described
is old and broadly does not constitute a part of
our invention. However, it has been very difi-
cult in the past to employ radio control of a
torpedo, for the reason that the enemy could
quickly discover the frequency of the control sig-
nals and block control of the torpedo by sending
false signals of the same frequency.

In accordance with our invention, we employ
variable frequency radio transmitters and re-
celvers for the remote control, and change the
frequency at intervals by synchronous records
at the two stations. .

Referring to Fig. 1, the apparatus at the trans-
mitting station includes as its main elements a
variable-frequency carrier oscillator 28, a modu-
lator 21, an amplifier 22, and an antenna 23.
These elements are represented schematically
since their exact construction does not consti-
tute a part of the present invention. Suffice it
to say that the variable-frequency carrier oscil-

lator 28 is controlled to oscillate at different fre-

quencies by a plurality of tuning condensers 24a,
24D, 24c, 24d, 24e, 247, and 24¢g, adapted to be
Independently connected to the oscillator by au-
tomatically controlled switches 31, one for each
condenser. The different condensers 24a to 24y,
inclusive, are of different capacities, and these
differences are indicated in the drawings by dif-
ferent spacings between the plates.

Two controls are provided in the system of
Fig. 1, in the form of two keys L and R, respec-
tively. XKey L is employed to transmit a signal
for applying left rudder to the distant torpedo,
and the key R is employed to apply right rudder
to the torpedo. Actuation of the key L. closes
main contacts 32, which connect the output of
the oscillator 20 to the modulator 21, and at the
same time closes contacts 33, which connect a
100-cycle oscillator 34 to the modulator 24, which
thereupon modulates the particular earrier wave
being generated at that time by the oscillator
20. The modulated carrier wave is then ampli-
fied in the amplifier 22 and transmitted from the
antenna 23.

If the operator desires fo apply right rudder
to the distant torpedo, he actuates the key R,
which closes the main contacts 32 and also closes
contacts 35, which connect a 500-cycle oscil-
lator 36 to the modulator 21.

The switches 31 are selectively closed by a
record-controlled mechanism actuated by a rec-
ord strip 37, which is drawn off a supply roll 33
over a control head 39 and wound up on a take-
up spool 40 driven by a constant-speed clock mo-
tor 41. :

Referring now to Fig. 4, the record strip 31
has perforations arranged in eight different lon-
gitudinally extending rows A, B, C, D, E, F, G,
and H, respectively. Perforations in the rows
A, B, C,D,E, F, and G control the seven switches
31 associated with the different tuning condens-
ers 24a to 24g, inclusive. The perforations in
row H control an auxiliary switch 42 (Fig. 1),
which lights a signal lamp 43 from 8 battery 44.

The strip 37 is drawn over the control head
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responds to perforations in the different rows
A to H, inclusive, on the strip, to close the vari-
ous switches 31 and the switch 42.

A typical construction that may be used in
the control head 39 is shown in Figs. 5 and 6.
Thus it may comprise a block or shoe 45 over
which the record strip is drawn and which has a
plurality of vertical passages 48, the orifices of
which are juxtaposed to the different rows A
to H, inclusive, of the strip. In Pig. 5 two of the
passages 46 are shown juxtaposed to and in com-
munication with apertures in the two rows C
and G of the strip 31.

Each of the passages 46 is communicated by a
restricted passage 47 with a suction manifold 48,
which is connected by a tube 49 to a suction
pump 58. Each of the passages 46 is also con-
nected by a tube 5! to the upper end of an
associated - cylinder 52 containing a piston 53.
Each piston §3 projects from the lower end of
its associated cylinder 52 and overlies a movable
spring 54 of one of the tuning switches 3f. The
movable spring 54 is separated by a block of .-
sulation §5 frcm the lower end of its associated
piston 63. The pistons are normally maintained
in upper position in which shoulders 56 thereon
lie against the lower face of the cylinder block
57 containing the cylinders 52, under which con-
ditions the contacts 3| are open. However, un-
der certain conditions to be described, the pis-
tons §3 are urged downwardly, by compression
springs 53a positioned thereabove, to carry the
movable springs 54 against the cooperating con-
tact springs 58 to close the switches 31.

The pistons §3 are maintained in uppermost
position, in which the switches 31 are open,
when a solid portion of the record strip 37 over-
lies the passages 46, but are depressed by the
springs 53z when apertures in the record strip
move into registration with the passages 46,
Thus so long as the upper end of a passage 46
is closed by the record strip 81, suction is ap-
plied from the manifold 48 through the restrict-
ed passage 47 to the cylinder 52, and lifts the
piston 53 against the force of the spring b53a.
However, when a perforation in the record strip
is in registration with a passage 46, air flows
freely into the upper end of the passage and into
the restricted passage 47, thereby breaking tl
suction applied to the upper end of the piston
83 and permitting the spring 53a to move the
piston downwardly and close the associated
switch 31.

It will be obvious that by so positioning the
perforations in the different rows A, B, C, D, E,
P, and G, that perforations in different rows
are successively brought into registration with
their assoclated passages 46 (Fig. 5), different
ones of the switches 3t will be successively closed,
to: connect different ones of the tuning con-
densers 24a to 24g (Fig. 1) inclusive, to the
oscillator 20 and thereby change the frequency
of the carrier wave. Purthermore the frequency
changes can be purely arbitrary, without any
periodic recurrence that would render it easy for
an enemy to anticipate the frequency at any
particular instant.

Referring now to Fig. 2, the apparatus at
the receiving station, (which may be on the tor-
pedo 11 of Fig. 1), comprises a recelving an-
tenna §8 and a signal selector 81 that may be
tuned to any one of four different frequencies
by connecting thereto different condensers 28d,
24’e, 24’f, and 28’g. When the condenser 24’'d

39, as previously mentioned, and the control head 75 is connecied to the selector 61 and the condenser
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24d is connected to the oscillator 20, the trans-
mitter and receiver are both tuned to the same
frequency, and so on.

When a signal received on fhe antenna 60 is
of the same frequency to which the selector 61
is tuned, the signal is amplified in an amplifier
64 and delivered to a detector 65. There will
then appear in the output of the detector the
modulation wave that was impressed upon the
carrier at the transmitting station, and this
modulation wave is applied to the input of a
pair of filters 166 and 566, the first of which is
tuned to 100-cycles and the second to 500-cycles.
The output of the filter 166 is delivered through
a rectifier 168 to a magnet 169, and the output
of the filter 586 is delivered through a rectifier
568 to a magnet 559. The magnets 169 and 569
act on a common armature 12, which is nor-
mally positioned in a neutral position but moves
in response to energization of magnet {69 to
close on a contact 170 and moves in response
to energization of magnet 569 to close on a con-
tact 5710.

If a received signal was produced by actuation
of the key L (Fig. 1) at the transmitting sta-
tion, then it is modulated with a wave of 100-
cycles, and the modulation wave will be passed
by the filter 166 to energize the magnet {69 and
close the armature 712 on the contact {70, there-
by completing a circuit from a battery 74 through
a solenoid 175. The solenoid thereupon attracts
its plunger 176, causing a pawl 177, connected to
the plunger, to be pulled into engagement with
ratchet teeth 118 on a rudder wheel 79 and
" advance the wheel clockwise by the length of
one of the ratchet teeth. A spring (80 normally
maintains the pawl ITT clear of the teeth 118,

and a stationary cam face 81 guides the pawl -

into engagement with the ratchet teeth as it is
moved by the plunger [76.

The rudder wheel 719 is secured to a rudder
- post 82 carrying a rudder 83, so that the rudder
is moved a predetermined distance toward the
left in response to a single actuation of the key L.
at the transmitting station. The key need be
closed only momentarily, and as soon as it is
released the magnet 169 and the solenoid 175 are
released, whereupon the pawl (11 and plunger
176 are retracted into neutral position by the
spring 180.

If the key R at the transmitting station is.

actuated, then the carrier wave is modulated with
the 500-cycle modulating wave, which is passed
by the filter 566 at the receiving station, to en-
ergize the magnet 569. This closes the arma-
ture 12 on the contact 570, to energize a solenoid
515, identical with the solenoid 115, and actuate
a pawl 517 which engages with ratchet teeth 578.
The latter are oppositely directed with respect
to the ratchet teeth 178, so that the pawl 517
and the teeth 518 function to shift the rudder 83
to the right, instead of to the left.

Some means must be provided to retain the
rudder 83 in whatever position it has been moved
by the pawl 1771 or 511, and we have shown a
brakedrum 84 frictionally engaged by a brake-
band 85 and connected by a pinion 86 and a gear
segment 87 to the rudder wheel 19.
band 85 offers sufficient frictional resistance to
movement of the rudder to retain it in the posi-
tion to which it has been moved, but insufficient
to prevent movement of the rudder by the pawls
{17 and 511.

The tuning condensers 24’d to 24’g, inclusive,
at the receiving station are adapted to be con-
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nected one at a time to the selector 61, to tune
it to different frequencies, by contacts 31’ similar
to the contacts 31 at the transmitting station,
and actuated in the same way under the control
of a record strip 31’, which may be identical with
the record strip 37 at the transmitting station,
and is pulled over a control head 39’ by a clock
motor 41’ which runs at the same speed as the
motor 41 at the transmitting station. The de-
tails of the control head 39’ and the switches 31’,
whereby the latter are closed in response to dif-
ferently positioned perforations in the record
strip 37/, are the same as those at the transmit-
ting station, which were described with reference
to Figs. 5 and 6.

It is of course necessary that the record strips
37 and 37’ at the transmitting and receiving sta-
tions, respectively, be started at the same time
and in proper phase relation with each other, so
that corresponding perforations in the two record
strips will move over their associated control
heads at the same time. We therefore provide
an apparatus for holding both record strips in a
starting position until the torpedo is fired, and
for then simultaneously releasing both strips so
that they can be moved at the same speed by
their associated motors 41 and 41’.

The holding mechanism at each station in-
cludes a pin 160 (Fig. 6) slidably mounted for
vertical movement in the head 45 and adapted to
engage a special starting hole 101 (Fig. 4) in its
associated record strip. The pin §00 is normally
urged into a lower position by a compression
spring 102, as shown in Fig. 5, so that it is clear
of the record strip and does not impede its move-
ment. However, the pin is adapted to be held
in upper position in engagement with the hole
10t in the record strip, by a solenoid 103 having
a plunger 104 which is connected to the pin 100.
The solenoid is shown energized in Fig. 6.

Referring now to Fig. 3, when a torpedo
equipped with the apparatus disclosed in Fig. 2
is prepared for firing from the mother ship, on
which the transmitting apparatus of PFig. 1 is
mounted, both the solenoid 103 on the torpedo
and the solenoid {03 in the transmitting equip-

ment, are connected in series with a battery 105

by a circuit including conductors 186 which ex-
tend between the torpedo and the transmitting
station on the mother ship, thereby holding both
the record strips in starting position. When the
torpedo is fired, the conductors 106 are broken,
thereby interrupting the series energizing cir-
cuit of the solenoids 103 and releasing both sole-
noids simultaneously to permit the strips at both
stations to start in phase with each other.

It will be noted that whereas there are seven
tuning condensers 24 at the transmitting station,
there are only four tuning condensers 24’ at the
receiving station. The extra three tuning con-
densers at the transmitting station provide three
additional channels for the transmitter for which
there are no corresponding channels at the re-
ceiver, to thereby permit the sending of false
impulses to confuse the enemy.

In the particular system shown, the receiving
apparatus is effective to receive on the channels
D, E, F, and G, but is ineffective to receive on
the channels A, B, and C. If the operator at the
transmitting station sent a signal while the os-
cillator was operating on one of the channels
A, B, or C, the signal would not be received on
the torpedo. It its therefore desirable to provide
an indicator to advice the operator at the trans-
mitting station when the transmitting and re-
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- ceiving stations are both tuned to the same fre-

' quency. The lamp 43, actuated by the auxiliary .

switch 42 (Fig. 1) constitutes such an indicator,
;. The switch 42 is closed to light the lamp. 43

whenever an: aperture in: row H: (Fig. 4) .of the:

record strip moves over:its associated passage 4§

row H of the record strip are so arranged as to

:light the lamp 43 whenever the operator should

‘not send a control signal. ' To. this end, the per-
forations in the row H: on the record strip occur

.8t the beginning. and end of each perforation in '

the ‘rows D, E, F, and G, and extend between

successive, spaced, perforations in these rows (at -
. :'which times perforations occur in cne or more of :

the rows A, B, and C, which: transmit false
signals) . 3 ; ;

The mechanism arranged as described.r quic- :

- tions to light the lamp 43 for a short time during
:each transition from one to another of the useful

channels D, E, F, and G, to warn the operator

' not to transmit a control impulse at the moment

“he will know, by the fact that the lamp 43 is
lighted, that these impulses:will not affect: the
torpedo, ; : ,

‘It will: be understoed : that: many variations '

from the construction shown can be: made with-
out departing from the inventicn. Thus: in order
to: simplify the drawings a record strip having

"1 only eight rows of perforations has been illus-

_trated. ' However, as previously mentioned, sim-

ilar record strips employed in player pianos now !
;. have as. many. as ‘88 rows:of perforations, and &
similar number could be employed in the pres-

ent system to provide a large number of useable
channels, to which both the transmitting and
recelving stations can be tuned, and also a large
number of auxiliary channels at the.transmitter
for sending false signals.

If desired, the perforations corresponding to
the false signals, may be omitted from the record
strip at the receiver. However this is not neces-
sary. The record strip at the transmitting and
the receiving stations can be identical in all re-
spects, and any number of rows of perforations
in the record strip at the receiving station can
be rendered ineffective by blocking the passages
468 in the receiving head that correspond to the
false channels. It will also be obvious that the
control heads 39 and 39’ at the transmitting
and receiving stations, respectively, can be iden-
tical but the contact springs 54 and 58 (Fig. 6)
at the receiver can be left disconnected in those
channels in which false signals are transmitted.

A very important feature of our system is that
only relatively few and relatively short signals
need be transmitted. Thus it is necessary only
to close one of the keys L. or R momentarily to
deflect the rudder 83 by one increment in either
direction. The transmission of a very short im-
pulse may not be discovered by the enemy at
all. Even if the enemy should pick up one of
the impulses transmitted, he  would not know
whether it was an effective signal or a false sig-
nal. PFurthermore, it is quite possible to so ar-
range the records that the receiver is never
twice tuned to the same frequency.

2,202,887
i describing in ‘detail its application to the con-

trol of a torpedo or other craft where it is neces-

‘sary to steer ‘in only: one dimension, it will be '’

i : .obvious to' those skilled in the art that by using

' in the control head 38. The perforations in .

‘& large number ‘of : modulation frequencies, ad-
¢ ditional; functions can:be performed, Thus by
using four modulation ‘waves having frequencies :

" ‘of say '100-cycles, 500-cycles, 1,000-cycles and
11 :2,000-cycles, respectively, and using appropriate

10

filters at the receiving station, it is- obvious that :

~ two rudders can be controlled. This would be

desirable when controlling aerial torpedoes or
other types of ¢éraft in ‘which control In a ver-

' tical direction; as well as in' g horizontal direc- |

tion, is desirable. ' There is no particular limit

to .the number of control: channels that can be

used with our invention, = EEEEE R '
It is also to be understood that other methods

~ of modulation ‘than the conventional one shown, .

20
’ lation, can be employed in our system.

‘1, of . transition: from one frequency to another,
ii. The lamp 43 remains lighted throughout periods
- when the transmitter is tuned to transmit in any

. one of the channels; A, B, or.C. : The operator
i . will, of course, occasionally transmit impulses:
‘11 while the transmitter: is tuned to one 'of: the :
“ii. channels A, B, or'C, to mislead ‘the enemy, but
30

25

Including frequency modulation or ‘phase modu-

The expression “carrier wave,” as used in the

claims; is  intended : to define the unmodulated

__wave when phase or frequency modulation is

employed. ' ‘
- Various other departures from the exact 'system

~ described will be apparent to those skilled in
‘the art, and the irnvention is, therefore, to be
forth in the appended claims. |

limited only as set
. We claim:
1. In & secret. communication system, g trans-

mitting station including means for generating

“and transmitting carrier waves of a plurality of =
frequencies; g first' elongated record strip having |

35
t; recordings thereon,

differently characterized, longitudinally disposed

tively responsive to different ones of said record-

~+ ings for determining the frequency of said carrier
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| Waves, means for moving said strip past said rec-

ord-actuated means whereby the -carrier wave
frequency is changed from time to time in ac-
cordance with the recordings on said strip, a re-
ceiving station including carrier wave-receiving
means having tuning means tunable to said car-
rier wave frequencies, a second record strip, rec-
ord-actuated means selectively responsive to dif-
fere_nf; recordings on-said second record strip for
tuning said receiver to said predetermined carrier
frequencies, and means for moving said second
strip past its associated record-actuated means in
synchronism with said first strip, whereby the
record-actuated means at the transmitting sta-
tion and at the receiving station, respectively, are
actuated in synchronism to maintain the receiver
tuned to the carrier frequency of the transmitter.

2. Apparatus as described in claim 1, in which
said differently characterized recordings on said
record strips are distinguished by being differ-
ently laterally displaced from each other, and
said record-actuated means are selectively re-
isp:msive to the lateral positioning of said record-
ngs. :

3. Apparatus as described in claim 1, in which
sgid record strip comprises a ribbon having lon-
gitudinally extending slots therein differently
characterized by being differeritly laterally posi-
tioned on said ribbon, and each said record-ac-
tuated means includes a plurality of movable ele-
ments each movable to tune its associated gener-
ating or receiving means to a different one of said
frequencies, and means for selectively moving
said elements in accordance with the lateral po-
sitioning of the slots in said ribbon.

4. In a system of the type described, including
a control station and a movable craft to be con-

record-actuated means selec.
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trolled thereby, apparatus at said control station
comprising an oscillator and tuning means there-
for, a first elongated record strip having differ-
ently characterized, longitudinally disposed re-
cordings thereon, record-actuated means selec-
tively responsive to different ones of said record-
ings for tuning said oscillator to predetermined
different frequencies, means for moving said rec-
ord strip past said record-actuated means where-
by the frequency of oscillation is changed from
time to time in accordance with the recordings
on said strip, and means for selectively transmit-
ting radio signals corresponding in frequency to
the said frequency of oscillation; apparatus on
said movable eraft comprising a radio receiver
having tuning means tunable to said predeter-
mined frequencies, a second record strip, record-
actuated means selectively responsive to different
recordings on said second record strip for tuning
said receiver to said predetermined frequencies,
means for moving said second strip past its asso-
ciated record-actuated means in synchronism
with said first strip whereby the record-actuated
means at the contro]l station and on the mov-
able craft, respectively, are actuated in synchro-

10

20

5

nism to maintain said radio receiver tuned to
the frequency of oscillation of the transmitter;
mechanism on said craft for selectively deter-
mining its movement, and means respensive to
radio signals received by said radio receiver for
controlling said mechanism. :

5. Apparatus as described in claim 4, in which
said mechanism on said craft for selectively de-
termining its movement includes a contro] ele-
ment movable by predetermined increments, and
means responsive to successive received radio im-
pulses for moving said element by one increment
only in response to each separate impulse irre-
spective of the length of the impulse.

6. Apparatus as described in claim 1, including
means at the transmitting station for transmit-
ting radio signals of different frequencies to
which said radio receiver tuning means are not
tunable, and means coordinated with the record-
ings on said first strip for indicating at the trans-
mitting station when the transmitting apparatus
is tuned to frequencies that are not receivable at
the receiving station.

HEDY KIESLER MARKEY.
GEORGE ANTHEIL,
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Lamarr Quotes

“Any girl can be glamorous. All you
have to do Is stand still and look stupid.”

“It’s about time”,

-- upon receiving the “Pioneer Award”
from the Electronic Frontier Foundation
In 1997, at the age of 86.
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e Frequency hopping for anti-jam
e Reproducible hopping pattern that
appears to be random

e Pseudo-noise or pseudo-random
hopping pattern

e Lamarr system was never built
1950-60: Many experimental systems
(all classified) by Sperry, Sylvania,
Bureau of Ships, MIT, NSA, etc:

But some people knew ...
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“What?”” said the missile expert. “I guess | was
off base about the jamming. Suddenly it seems to
me that’s so obvious. It must have been tried and it
doesn’t work.”

“Right. It doesn’t. That’s because the frequency
and amplitude of the control pulses make like pure
noise—they’re genuinely random. So trying to jam
them is like trying to jam FM with an AM signal.
You hit it so seldom, you might as well not try.”

“What do you mean, random? You can’t control
anything with random noise.”

The captain thumbed over his shoulder at the
Luanae Galaxy. “They can. There’s a synchronous
generator In the missiles that reproduces the same
random noise, peak by pulse. Once you do that,
modulation’s no problem. | don’t know how they do
It. They just do. The Luanae can’t explain it: the
planetoid developed it.

England put his head down, almost to the table.
“The same random,” he whispered from the very
edge of sanity.

B The Pod in the Barrier, by Theodore Sturgeon,
Galaxy magazine, September 1957.



1970’s:
Code Division Multiple Access
(CDMA) or
Direct Sequence Spread Spectrum



Spread spectrum communication

Signature sequence: 0010111
Send 1: 0010111 Send 0: 1101000

00101110010111110100000101111101000
0010111
The correlator counts
#(agreements) - #(disagreements)

in each window




Given periodic sequences of period T’
a = (ag,a1,---) and b = (bg, b1, )
Their cross correlation is

r—1
Cap(m) = > (—1)%(—1)bit
1=0

Autocorrelation Aa(1) = Caa(7)

Idea: Each user has a different signature sequence.
These sequences have low cross-correlations. The
receiver (correlator) knows your sequence. Re-
ceived signal will look like this:

/| A A A |
AV \/\[/VV \/vv




GPS: 24 satellites
Each has its own spreading code
1.57542 GHz common carrier
1.023 MHz chiprate (C/A code)
1023 bit spreading code
1000 bits/sec information
50 bits/sec after error correction
30 sec (1500 bits) for full frame
15 watt transmitter

GPS Pcode (military only)
1.2276 GHz carrier
10.23 Mhz chiprate



Wi Fl: 2.4 GHz carrier
11 MHz chiprate
11 bit spreading code
1 Mb/sec Information rate

CDMA cell phones:
860 MHz, 1.8 Ghz, 1.9 Ghz
1.2288 MHz chiprate
128 bit spreading code
9600 bits/sec information rate

3G CDMA cell phones:
8 and 16 MHz chiprate
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» U.S. Allocation of Radio Spectrum

100 kHz ON THE SAME WAVELENGTH
W adio waves are really no different from light waves. Both con-
T sist of oscillating electric and magnetic fields wafting through
space.The distinction between radio and light—and among
the other types of electromagnetic waves—just reflects the differ-
10kHz 30km ing technologies used to detect them.The human eye is sensitive to
waves of middling frequency, wavelength and energy level. Radio
100 kHz (— — 3 km ~ z
antennas pick up much lower frequencies, longer wavelengths and
1MHz [~ | —{300m MW weaker energies. For convenience, radio waves are typically measured
in terms of frequency (hertz), whereas other types of waves are mea-
10MHz |~ | —30m o] sured in terms of either wavelength (meters) or energy (electron-volts).
1MHz 3 RS X
In the U.S., radio spectrum is divvied up by the Federal Communi-
- 100 MHz [— —43m s i Z
Radio Spectrum cations Commission. Only the major uses are shown here; most of
300 GHzand lower -, o\ | ] o) the rest of the spectrum is also full up, which is one reason that the
FCC has been allocating spectrum at ever higher frequencies.
10GHz |~ —3cm Where will the high-speed wireless Web fit in? Good question. In
1000GH "'1 Europe and Japan, carriers intend to use frequencies around 2 GHz,
2 ] . T SW — butin the U.S, those bands are already being used by ordinary digital
Sl 1THz | < 200um L] cell phones. A plan to dedicate the 700-MHz band to wireless data
Sum{%b’“ﬁﬁll‘”;"; «—— b TR has been put off so that the commission and Congress can figure out
—30um _— what to do with the UHF television stations already there.
Infrared —Mark Alpert and > Musser. si itors
780 nm-100 um dsum 10MHz o Mark Alpert and George Musser, staff editors
Visible ¢ _| 0]
SR0STRolm) —]300nm o L» AM Radio 535-1605 kHz
Ultraviolet ¢—
10 nm-380 nm 40eV - —130nm | |— Shortwave Broadcast Bands
—» CB (Citizens Band) Radio
5 400eV [~ —13nm 27 MHz
—Ray
120 ev-120 kel v | -
VHE Cordless Devices
40 keV [— — LeHe Y VHF Television
54-72, 76-88
Gamma Ray (200keV I~ | — .
120 keV and up 100 MHz fHiRadio
4MeV Aviation 118-137

I Long Wave (LW)

- Medium Wave (MW)

E Shortwave (SW)

Very High Frequency (VHF)
Ultra High Frequency (UHF)

Microwave

For a complete listing of the uses of the spectrum,

see www.ntia.doc.gov/osmhome/allochrt,
on the World Wide Web.

» Ham Radio 144-148

VHF Television
174-216

UHF Tel
470-608, 614-806

UHF

> Ham Radio 420-450

Cellular Phones
824-849,869-894

Personal Communications Services
901-902, 930-931, 940-941
Industrial-Scientific-Medical Band
902-928

Global Positioning System
_l_' 1227, 1575

Personal Communications Services

1850-1990, 2130-2150, 2390-2400
Digital Audio Radio Services
2320-2345

1 GHz

Industrial-
Scientific- 1 GHz
Medical Band
5700

Microwave

Search for
Extraterrestrial
Intelligence
1420~1660

Inmarsat Satellite Phones

10GHz 1525-1559, 1626.5-1660.5

Industrial-Scientific-
Medical Band
2400

Wireless Cable

pdf
2500-2690

www.scian.com
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1st Capital with lower case letters

Mobile

Secondary

* EXCEPT AERO MOBILE (R)

PLEASE NOTE: THE SPACING ALLOTTED THE SERVICES IN THE SPEC-

TRUMSEGMENTS SHOWNISNOT PROPORTIONAL TO THEACTUAL AMOUNT

OF SPECTRUM OCCUPIED.

10%Hz

3x107A

3 x10°A

COSMIC-RAY

<—— Cosmic-ray —>

3 x10%A

3 x104A

3 x107A

3 x 108 3R
|

ULTRAVIOLET

3 x10%A

3 x 10°4

3 x 1054
INFRARED

0.03cm
Sub-Millimeter

0.3cm

3cm

30cm

3m

30m

300m

000 m

3

30,000 m

3 x10°m

3 x10%A
|

3 x107A
|

GAMMA-RAY

3 x10°A
|

3 x10°m
|

VERY LOW FREQUENCY (

3 x10'm
|

X-RAY

VISIBLE

<—— Gamma-ray ——>

Visible LI% Ultraviolet———>
Infrared ———>
|
10%Hz

Audible Range

|
10%Hz

|
10%Hz

10%Hz

10%Hz

10%Hz

X-ray
10%Hz 10%Hz

10"Hz

|
10%Hz

10%Hz

10%Hz

1THz

300 GHz

100 GHz

10 GHz

100 MHz 1GHz

10 MHz

THE RADIO SPECTRUM
MAGNIFIED ABOVE

100 kHz 1 MHz

10kHz

3kHz

|
1kHz

Sonics

|
100 Hz

|
10Hz

<-|nfra-sonics

WAVELENGTH

** EXCEPT AERO MOBILE

This chart is a graphic single-point-in-time portrayal of the Table of Frequency Allocations used by the
FCC and NTIA. As such, it does not completely reflect all aspects, i.e., footnotes and recent changes

BAND

DESIGNATIONS

made to the Table of Frequency Allocations. Therefore, for complete information, users should consult the

Table to determine the current status of U.S. allocations.

ACTIVITIES

FREQUENCY 0

ational Telecommunications and Information Administration
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Why do they call it spread spectrum?
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Channel Numbers
1 2 3 4 5 € T & 9 10 11 12 13 14

A A A5
AR A .
AT A AT

2.412 2.422 2.432 2.442 2.462 2.462 2472
2.417 2.427 2.437 2.447 2.467 2.467 2.484

Channel Center Frequencies (in GHz)

Channel Bandwidth

IEEE 802.11 RF Channelization Scheme



Now what about all those errors?
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SPEKTRUIM

DXE5

6-Channel, 10-Model Memory
DSM Parkflyer and
Micro Helicopter System

——" S —— D
CHANNEL N e DECREASE

PARKFLYER SYSTEM

2.4 GHz DSM SPREAD SPECTRUM TECHNOLOGY
6-CHANNEL, 10 MODEL MEMORY, HELVAIR PROGRAMMABLE MULTI-DATA DISPLAY SYSTEM
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DX6 System

2.4 Gz band

80 channels, 1 Mhz spacing

32 bit spreading code

Tx also receives (future telemetry)

Does not begin transmitting until it
finds 2 free channels

RX Is bound to Tx at factory
RX searches for the 2 signals (5 sec)

Cypress Wireless USB chips (off the
shelf) www.cypress.com
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By the Numbers

1 Mhz chiprate

32 bit spreading code x 2

15,625 info. bits/sec

6 servo channels

2600 Info bits per channel each sec

stick resolution = 4096 positions (12
bits per channel)

so 2600/12 = 180 frames/sec

or 5.6 ms per frame

compare PPM: 18 ms per frame
faster response, higher resolution
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Why 2 receivers?

e 2.4 Ghz is highly directional
e 5 seconds to re-acquire signal

Who else uses 2.4 GHZz?

Wi-Fi (802.11a,b,9)

Bluetooth (frequency hopping)
Cordless Phones

Microwave Ovens

e [rees
(Higher frequencies do not penetrate
wood very well.)
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Yes, spread spectrum is great! But
there 1s one problem it can’t solve.
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Pilot Error

The End
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