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57} ABSTRACT

A microcomputer (20) servo controls the rotational
speed and the rotational phase of a cylinder motor (37)
of a VTR in a digital manner. The microcomputer (20)
generates a 10-bit digital phase error signal Dpy having
sufficiently low conversion gain and a 10-bit digital
speed error signal Dsp having sufficiently low conver-
sion gain in response to an FG signal generated with
rotation of a cylinder motor. The digital phase error
signal Dpg and the digital speed error signal Dsp are
added to each other in a digital manner in the addition
ratio 1:8. In addition, the resuit of this addition is ampli-
fied four times in a digital manner by extracting eight
lower order bits thereof and then converted into an
analogue signal and supplied to the cylinder motor as a
servo control signal. Thus, since the error signals are
added to each other in a digital manner and then, the
added signal is amplified as required, a digital servo
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DIGITAL SERVO SYSTEM USING
MICROCOMPUTER FOR CONTROLLING PHASE
AND SPEED OF ROTARY BODY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a digital servo system
and more particularly, to a digital servo system in
which a servo system for controlling the phase and the
speed of a rotary body such as a cylinder motor, a cap-
stan motor in a video tape recorder (referred to as VTR
hereinafter) is achieved using a microcomputer.

2. Description of the Prior Art

Conventionally, in a VTR, for example, in a two head
helical scanning type VTR, there have been provided a
cylinder motor for driving rotation of a rotary head and
a capstan motor for driving traveling of 2 tape. At the
time of operation of the VTR, the rotational phases and
the rotational speeds of the above described cylinder
motor and the capstan motor serving as driving means
are servo controlled, so as to correctly control the
speed and the phase of rotation of the rotary head and
the phase and the speed of traveling of the tape.

More specifically, at the time of recording in the
VTR, the rotational speeds of the cylinder motor and
the capstan motor are controlied such that the rota-
tional speeds of both the motors take a predetermined
value, and the rotational phase of the cylinder motor is
controlled such that the rotational phase of the rotary
head and the phase of a vertical synchronizing signal in
a video signal to be recorded have a predetermined
phase relation. In addition, the rotational phase of the
capstan motor is controlled such that the rotational
speed of the capstan motor is held at the above de-
scribed predetermined value with accuracy.

On the other hand, at the time of reproduction in the
VTR, the rotational speeds of the cylinder motor and
the capstan motor are controlled such that the rota-
tional speeds of both the motors take a predetermined
value, and the rotational phase of the cylinder motor is
controlled such that the rotational phase of the rotary
head and the phase of a predetermined reference signal
have a predetermined phase relation. In addition, the
rotational phase of the capstan motor is also controlled
for correct tracking.

A servo control system for the above described con-
trol is divided into an analogue system and a digital
system. The analogue servo system has a simple circuit
structure. However, the system is liable to be affected
by, for example, the change of a power-supply voltage,
the change of temperature and the change with time, so
that stable operation cannot be ensured.

On the other hand, in a digital servo system compris-
ing a counter and the like and utilizing a clock signal,
the above described disadvantages are eliminated. In
particular, since considerable progress has been made in
the digital integrated circuit technique, such a digital
servo system is utilized more often. As an example, a
digital servo system using a microcomputer is disclosed
in, for example, U.S. Pat. Nos. 4,584,507 and 4,668,900.

FIG. 1is a schematic block diagram showing a part
of a digital servo system for a cylinder motor, which
comprises an IC (LC7415) developed for such a digital
servo control. Referring to FIG. 1, an IC 1 comprises a
circuit 2 responsive to a detection signal from a cylinder
motor (not shown) for generating a phase error signal of
the cylinder motor, a circuit 3 also responsive to a de-
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tection signal for generating a speed error signal, D/A
converters 4 and 5 and amplifiers 6 and 7. The phase
error signal generated in the circuit 2 is converted into
an analogue signal by the D/A converter 4 and the
analogue signal is amplified by the amplifier 6 and then,
outputted from the IC 1 to the exterior. In addition, the
speed error signal generated in the circuit 3 is converted
into an analogue signal by the D/A converter 5 and the
analogue signal is amplified by the amplifier 7 and then,
outputted from the IC 1 to the exterior. The analogue
phase error signal and the analogue speed error signal
outputted from the IC 1 are added to each other outside
the IC 1 and the added signal is suitably amplified by an
amplifier 8 and then, applied to a cylinder motor driving
circuit (not shown) as a servo control signal. Such ana-
logue addition of error signals performed outside a
microcomputer is disclosed in an article by M. Endo et
al., entitled “VTR Control Circuit’, SANYO TECH-
NICAL REVIEW, VOL. 17, NO. 2, August 1985, pp.
45-50, Japanese Patent Laying-Open Gazette No.
190744/1986 and U.S. Pat. No. 4,536,806.

However, the digital servo system comprising the
D/A converters 4 and 5 inside the IC 1 and performing
analogue addition of the phase error signal and the
speed error signal outside the IC 1 presents the follow-
ing problems.

FIG. 2 is a diagram for explaining schematically the
principle of, for example, generation of the phase error
signal of the cylinder motor in the VTR. FIG. 2(a)
shows a signal indicating the rotational phase of the
cylinder motor actually detected and more particularly,
a signal obtained by, for example, frequency-dividing 24
FG Frequency Generator) pulses generated per one
rotation of the cylinder motor into 3. In FIG. 2(a), a
waveform represented by a solid line shows a signal
obtained by frequency-dividing into } the FG signal
generated when the cylinder motor is rotated in a pre-
determined correct phase relation. In addition, a dotted
line shows a case in which the rotational phase of the
cylinder motor is slightly advanced from the correct
rotational phase (represented by the solid line).

On the other hand, FIG. 2 () is a diagram for ex-
plaining the relation between the change of the rota-
tional phase of the cylinder motor and the amplitude of
the phase error signal generated in response to the
change. The minimum voltage value and the maximum
voltage value which the phase error signal supplied to a
motor driving system can actually take are 0 V and a
predetermined value (for example, 5 V), respectively.
In addition, in the digital servo system, the amplitude of
the phase error signal is represented by the number n of
bits of the digital phase error signal, “0” corresponding
to the above described minimum voltage value (0 V)
and “2%—1” corresponding to the above described max-
imum voltage value (5 V). Furthermore, in FIG. 2(b), a
period “Tpp” when the amplitude takes the minimum
value O is referred to as a “bias period” and a period
“Tsp” when the amplitude changes from the minimum
value 0 to the maximum value “27-—1” is referred to a
“clock range”.

As can be seen from FIG. 2, if the cylinder motor is
correctly rotated in a predetermined phase relation, the
amplitude of the phase error signal is fixed at an almost
intermediate point A between the minimum value 0 and
the maximum value (27—1), so that servo control is
performed in response to the phase error signal having
an amplitude of about (27—1)/2. The servo control













































