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57 ABSTRACT 
The invention relates to mechanical dolls which may 
effect various coordinated movements, such as danc 
ing, talking and other movements. An electronic cir 
cuitry is provided to control the mechanical move 
ments of the dolls in a manner whereby a plurality of 
dolls appear to move in synchronism with each other. 

4 Claims, 2 Drawing Figures 
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MECHANICAL DOLLS WHICH ARE 
CONTROLLED BY SIGNALS ON A RECORDING 

MEDUM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation-in-part of Ser. No. 335, 173, 
filed Feb. 23, 1973, now abandoned, which in turn is 
a continuation of Ser. No. 166,555, filed July 27, 1971, 
now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to an apparatus for controlling 
mechanical dolls of a kind which make a series of me 
chanical movements that appear to be perfectly syn 
chronized with an audio signal to simulate dancing, 
talking or playing various instruments. 
Such dolls are known to those skilled in the pertinent 

art and are therefore not described in great detail in 
this application. In one known embodiment, the inter 
nal skeleton of the puppet consists preferably of metal 
lic rods that are interconnected by means of articulated 
joints in accord with elementary rules of osteology. The 
movement of the metallic rods is obtained by means of 
the electrically controlled solenoids. The body of the 
puppet consists of elastic flexible material, such as for 
example suitable synthetic resin, which covers the in 
ternal articulated skeleton, the related solenoids and 
control mechanisms. A doll of this type is shown and 
described in Italian Pat. No. 528,749, granted June 15, 
1955. 
Up till now it has been very difficult to obtain 

through common circuits an effect of perfect synchro 
nization of several dolls with a musical score, whether 
the score is short or long. This does not mean that the 
problem is incapable of solution, but from a commer 
cial viewpoint the synchronized operation of several 
dolls with one piece of music, e.g., to make one of them 
move its mouth when a voice signal is reproduced, to 
make the pianist touch the keyboard with both hands 
to the rhythm of the music, or to make the flute player 
seem to play the flute with graceful rhythmic move 
ments when the sound of this instrument is being heard, 
also requires the following: there should be several 
dolls; there should be various scores in one and the 
same program; the program should be renewable; and 
operation should be automatic and not require mainte 
nance or daily supervision. 

In order to meet these requirements, recourse must 
be had to advanced techniques starting from an elec 
tronic memory with recordings, and the circuits neces 
sary for efficient operation are so complex and expen 
sive that they cannot be built commercially as they 
would practically form a small computer, the cost of 
which is quite out of proportion to the end use of this 
type of moving and speaking dolls which are being ex 
ploited by being formed into a band and exhibited in 
various public places where they are actuated by a sim 
ple coin. 
The object of this invention is to apply a combination 

of electronic and electromechanical means that oper 
ate alternately, producing a strong effect and psycho 
logically inducing the public to see complete synchro 
nization when, as a matter of fact, synchronization is 
not consistent. 

Specifically, the combination of means of this inven 
tion provides a series of stages that operate alternately 
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2 
and always begin with what will hereinafter be called 
“tuning' and which consists in the perfect synchroniza 
tion of dolls and sounds during a short period of time 
in order to rely then, without any appreciable transi 
tion, on electromechanical means which do not per 
fectly synchronize the movements but certainly do so 
with remarkable showing. In other words, by using a 
complex but limited electronic circuit, initial impact 
synchronization is obtained while for the major part of 
the musical score a much simpler but viable and modi 
fiable circuit is sufficient, the primary electronic circuit 
being available for repetitions or refrains of a song; this 
ingenious combination of means reduces the cost of 
each set and thus increases marketing possibilities. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows an overall block diagram of this inven 
tion; and 
FIG. 2 shows the multiple self-feeding relay inverter 

circuit in detail. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The apparatus of this invention is shown generally in 
FIG. 1. A magnetic tape having at least two tracks is re 
corded on a first track 1 with a musical score or other 
audio signals while the second track 1 is recorded with 
various pulse trains of different frequencies; in the 
mode contemplated by the inventors, these frequencies 
are in the audio frequency spectrum. The signals on 
track 1 are reproduced by conventional magnetic 
transducing heads, amplified in any known amplifier 2 
and projected as audio signals through any well-known 
speaker system. 
The pulse trains on track 1" are reproduced, again by 

any well-known magnetic transducing means and are 
fed to a frequency selector 3. The frequency selector 
consists of a number of selective filter and amplifying 
networks, corresponding to the number of types of 
command signals it is desired to have. The filter units 
are basically all of the band-pass type, each having a 
different pass band for passing a specific frequency or 
band of frequencies. The preferred embodiment uti 
lizes eight types of commands; thus there are eight fil 
ter/amplifier units, all having essentially the same con 
struction except for the response characteristics of the 
filter sections. For example, the filter sections can be 
designed to be responsive to signals of 1, 2, 3, 4, 5, 6, 
7 and 8 KHz, respectively, 0.1 KHz. In a minor varia 
tion, the two end filter networks can be high and low 
pass filters, respectively. 
The respective outputs of the frequency selector 3 

are coupled to corresponding inputs of a multiple self 
relay inverter unit 4, described in greater detail with 
reference to FIG. 2. The respective outputs of the fre 
quency selector 3 (and the corresponding inputs of the 
relay device 4) will be designated as FS, ..., FS. The 
outputs of the frequency selector 3 consist of the com 
mand pulses recorded on track 1" reproduced by the 
conventional play-back mechanism, filtered by the ap 
propriate band-pass filter section and amplified in the 
corresponding amplifier section, and transformed into 
D.C. voltage levels capable of operating various relays 
and solenoids These filter and amplifier units are well 
known to those skilled in this art and have been dis 
cussed in any number of textbooks relating to audio 
frequency reproduction techniques; they therefore 
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need not be described in great detail here, although it 
will suffice to note that examples can be found in Ry 
der, J., Electronic Fundamentals and Applications, 3rd 
Ed., Prentice-Hall, Inc., Englewood Cliffs, N.J., 1964, 
pp. 3 l l et seq. 
The multiple self-feeding relay inverter 4 consists es 

sentially of a master relay coil MR controlling the oper 
ation of several sets of relay contacts RC - R.Co (FIG. 
2). These relay contacts are in turn coupled to one or 
more programming motors 8 and/or to individual Se 
lected solenoids 6. The solenoids 6 comprise portions 
of the mechnical dolls and control the movements of 
the various appendages of the dolls. The individual doll 
solenoids are shown more particularly in FIG. 2 and la 
beled S - Ss, respectively. 
Only one doll 7 is shown in FIG. 1; it will be under 

stood, however, that this is merely representative of a 
plurality of dolls and that the interconnections between 
the motors 8 and solenoids 6 of the dolls 7 is a matter 
of choice, depending entirely on the type of functions 
to be controlled. The MSRI is also coupled to a syn 
chronous motor 5 which functions to maintain the mas 
ter relay coil MR energized for a predetermined period 
of time, after which the relay becomes deenergized in 
the absence of a control signal on lines FS. In the fol 
lowing description of the relay unit 4, a particular relay 
contact C is designated by a subscripted numeral (rep 
resenting the specific contact set) and letter (repre 
senting the specific contact in the designated set). The 
reference C followed by a subscripted letter (except x) 
only, refers generally to corresponding contacts in the 
several sets. 
Referring now to the detailed diagram of FIG. 2, the 

input signal to coil MR is a D.C. voltage provided from 
output FS of the frequency selector sensitive to the 
corresponding command signal reproduced from track 
1 of the tape. The FS input signal line is also con 
nected to synchronous motor 5 to start it rotating at a 
speed of one revolution every 20 seconds (3 rpm). The 
synchronous motor 5 is provided with cammed disc 20 
having a valley 20a and a raised portion 20b. Disc 20 
is disposed adjacent a pair of switch contacts 22a, 22b; 
contact 22a is coupled to the line voltage B-- (or one 
terminal of a power supply) and contact 22b is con 
nected to contact C of the MSRI. Contact member 
C is connected in common with motor 5 and relay coil 
MR. Contact C is open. 
Relay contact C of the MSRI is connected to 

contact C. Switchable contact member C2 is con 
nected directly to puppet solenoid S. Contact C is 
connected to one switch terminal of a programming 
switch unit PS coupled to a programming motor M, 
these elements will be described in greater detail be 
low. 
Movable contact member C is connected to output 

FS of the frequency 3. Contact Car is connected to the 
junction of the operating coil of motor M and the com 
mon terminal of switch unit P.S. 
Contact member C is connected to puppet solenoid 

S and also to relay contact Cs. Contact Car is con 
nected to one terminal of programming switch PS2. 
Contact C is open. 
Movable relay contact Cs is connected to output FS 

of the frequency selector 3. Contact C5 is connected 
to the junction of the operating coil of motor M. and 
the common terminal of switch unit PS2. 
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4 
Relay contact C6 is connected to puppet solenoid S7. 

Movable contact Cs is connected to output FS4 of the 
frequency selector 3. Contact C6 is connected in com 
mon to puppet solenoid Sis, the operating coil of pro 
gramming motor Ma and to the common terminal of 
programming switch PS3. 
The set of relay contacts designated RC comprises 

three sub-sets of contacts a-c, d-f and g-i, wherein 
within each set contacts b, e and h are all movable. 
Contact C is connected to motor M. Contact C7t, is 
connected to C which in turn is connected to motor 
M; contact C is connected to C, which is connected 
to motor Ms. Contacts C, Cid and C7 are all open. 
Contact C is connected to output FSs of the fre 
quency selector 3. 
The set of contacts generally designated RC and 

consisting of two sub-groups of contacts a-c and e-f 
represents three sets of contacts RCs, RCs and RC10 
which respectively control the operation of any two of 
the programming motors M - M3. Thus contact Crc is 
connected to an operating coil of one programming 
motor and contact C is connnected to a different pro 
gramming motor coil. Movable contact C is con 
nected in common with contact Crf, movable contact 
C is connected to one of the outputs FSs, FS and FSB, 
respectively; and contacts Cra and Crd are open. 

In order to prevent undesirable feedback in control 
ling the operation of the programming motors, the vari 
ous connections from relay contacts Cac, Ce and Crc to 
motor M, for example, may be made through a multi 
ple-input, single output logic OR gate of any well 
known type. A similar arrangement would be made for 
each of motors M and M as well. 
The programming motors M1, M2 and Ma can be any 

well-known D.C. motor operated by the D.C. levels ap 
pearing at any one of the appropriate outputs FS2, . . . 
, FS of the frequency selector 3. The programming 
switches can be of any suitable type of switch which 
permits the doll solenoids connected to the several 
poles thereof to be operated in a predetermined man 
ner. In one preferred embodiment, the programming 
motor M is arranged to drive a shaft 30 on which a se 
ries of cammed discs 32-42 are mounted for rotation. 
A corresponding series of movable switch contacts 
32'-42" is located adjacent each disc. Contacts 32'-40' 
are each connected to a corresponding doll solenoid S. 
- Ss, respectively. Contact member 42' is connected 
(when MR is deenergized) to solenoid S1 through 
contact set RC2. As each disc is rotated by motor M1, 
the raised portions or ridges of the disc sequentially 
pushes the movable contact against a corresponding 
stationary contact (all of which are connected in com 
mon to contact Cae) to complete an electrical circuit 
and energize the correspondingly connected solenoid. 
The operation is equivalent to that described above 
with respect to cam 20 and contacts 22a and 22b. This 
arrangement has the advantage of allowing more than 
one doll solenoid within a group to be operated simul 
taneously. Programming switches PS2 and PSs are simi 
lar to switch PS1 and are therefore shown only in block 
form. 
The operation of the preferred embodiment of this 

invention will now be described. Essentially there are 
two operating states of the device of this invention, one 
wherein the master relay coil MR of the MSRI is deen 
ergized and the other wherein the same coil is ener 
gized. 



3,912,694 
5 

As the magnetic tape passes the reproducing station, 
the audio signal on track 1 is reproduced and fed to am 
plifier 2 from which an audio signal in the form of 
speech and/or music is derived and reproduced 
through the speaker at the output of amplifier 2. The 
pulse train on track 1" is reproduced and fed to the fre 
quency selector 3. In the frequency selector unit, the 
frequency of each pulse of the reproduced train is de 
tected by the appropriate band-pass network; the de 
tected signal is amplified and transformed into a D.C. 
level control signal which is then applied to the appro 
priate input of the multiple self-feeding relay inverter 
4. 

In the first-mentioned state of the MSRI, switchable 
contacts C are disposed in contact with the corre 
sponding contacts C. Similarly, the switchable 
contacts Ce and Ch. Cre and f, Crb and e, Ce and f and Cth 
and t are disposed in contact with corresponding 
contacts C and C, respectively. In this state, a com 
mand signal appearing at output FS will only operate 
programming motor PM and the corresponding doll 
control solenoids S - Ss in a sequence determined by 
the shapes of the cammed discs 32-42. A command sig 
nal appearing at output FSa will operate doll control so 
lenoids S9 - S1 and solenoid Ss, the latter through the 
circuit including the engaged relay contacts RC and , 
through programming motor PM. A command signal 
appearing at FS will operate doll control solenoids S. 
- S14 through programming motor PM and solenoids 
S5 directly. A command signal appearing at FS will 
operate the corresponding two of the three program 
ming motors; and a command signal at FSs will cause 
all three programming motors to operate. This operat 
ing state is called the 'standard movement' state since 
the operation of the solenoids in any one group is con 
trolled, for example, by the preset patterns of the 
cammed discs rotated by the selected programming 
motor PM. 
The second operating state of this apparatus is initi 

ated upon detection of a prerecorded command signal 
having the appropriate frequency to generate a D.C. 
signal at output FS1 of the frequency selector. This 
causes the master relay coil MR of the MSRI to become 
energized, thereby opening the connection between 
contacts C and C and closing the connection between 
contacts C and C. At the same time, since the syn 
chronous motor 5 is connected in parallel with the coil 
MR, the signal at FS causes the synchronous motor to 
begin operating. This causes disc 20 to begin rotating 
to close switch contacts 22a and 22b. A circuit is then 
completed between B+ and ground through switch 
contacts 22a and b, relay contacts C1 and C1 and the 
parallel combination of the sychronous motor operat 
ing coil and the master relay coil. The synchronous 
motor will keep rotating and the coil MR will remain 
energized as long as contacts 22a and b remain closed, 
which occurs for the duration of one complete rota 
tional cycle of the cammed disc 20, which in the pre 
ferred embodiment, is of approximately 20 seconds' 
duration. 
During the time that the MSRI remains energized, a 

signal at output FS will operate only the solenoid S1; 
a signal at FS will operate only the solenoid Sa; and a 
signal at FS will operate only solenoid S. Command 
signals appearing at frequency selector outputs FS or 
FSs will have no effect since the corresponding relay 
contacts will be open-circuited. This operating state is 
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6 
called the synchronized movement state because a sin 
gle instrument is synchronized with the musical piece 
being reproduced to give the impression of a solo being 
performed. 
At the end of the duration of the synchronized move 

ment period, the MSRI becomes deenergized, in the 
absence of an overlapping command signal appearing 
at FS, and the apparatus then returns to the standard 
movement state. During this latter period, groups of the 
puppet solenoids are controlled in a preprogrammed 
manner by the rotation of the programming motors in 
response to command signals appearing at any of the 
outputs of the frequency selector 3 other than output 
FS. 
The results achieved by this invention is a remarkably 

enhanced life-like performance by the puppets who ap 
pear to play or speak in synchronism with a particular 
audio portion reproduced from track 1 of the magnetic 
tape. 

It is to be understood that various modifications in 
the structural details of the preferred embodiment de 
scribed herein may be made within the scope of this in 
vention and without departing from the spirit thereof. 
It is intended that the scope of this invention shall be 
limited solely by the hereafter appended claims. 
What is claimed is: 
1. An apparatus for selectively controlling a plurality 

of solenoids of at least one solenoid operated mechani 
cal figure, comprising: 
a recording medium having a first track on which 
audio information is recorded and a second track 
on which frequency dependent control information 
is recorded in the form of a train of frequency mod 
ulated pulses including at least two sets of pulses of 
different frequencies; 

means for reproducing said train of pulses from said 
recording medium; 

control signal generating means coupled to said re 
producing means and having a plurality of outputs 
corresponding in number to the number of differ 
ent frequencies with which said pulse train is mod 
ulated, and comprising, 
means to detect the frequency of each pulse of a 
pulse train reproduced from said recording me 
dium, and 

means to generate a control signal at an output of 
said control signal generating means which cor 
responds to the detected frequency of a repro 
duced pulse; and 

means coupling the outputs of said control signal 
generating means to corresponding ones of said 
mechanical figure solenoids to selectively operate 
said solenoids by said detected control signals. 

2. The apparatus according to claim 1, wherein: 
said control signal generating means further com 

prises a plurality of band-pass filters each tuned to 
a different predetermined frequency range corre 
sponding to said different pulse train modulating 
frequencies and a corresponding plurality of con 
verting means to convert the alternating current 
output signal of a corresponding filter circuit into 
a direct current level control signal; 

said relay operated switch means comprises a plural 
ity of sets of relay contacts, each set having a mov 
able contact member and first and second station 
ary contacts, at least some of said movable contact 
members being coupled to corresponding ones of 
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said converting means and at least some of said first 
and second stationary contacts being coupled to 
control the operation of said mechanical figure 
control solenoids. 

8 
chanical figure control solenoids for energizing 
said solenoids in a preselected manner, said second 
stationary contact being coupled to said motor op 
erated switch means to control the energization 

3. The apparatus according to claim 1, wherein said 5 
means coupling said control signal generating means 
outputs to said mechanical figure solenoids comprises: 

a plurality of relay operated switch means each hav 
ing first and second stationary contacts, and a mov 
able contact coupled to a corresponding output of 10 
said control signal generating means and movable 
alternately into contact with said first and second 

thereof. 
4. The apparatus according to claim 3, further com 

prising further switch means connected between a 
power source and said relay operated switch means; 
and means coupled to said first output of said control 
signal generating means to energize said further switch 
means for a predetermined period of time when a con 

stationary contacts, trol signal is generated at said first output of said con 
said first stationary contact being coupled to at trol signal generating means, and further switch means 

least one of said mechanical figure control sole- 15 maintaining said relay operated switch means ener 
noids, and gized for said predetermined period of time. 

motor operated switch means coupled to said me- sk k :k :k sk 
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