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(54) Electronic device and method for adjusting an internal clock

(57) The present invention relates to an electronic
device and a method for adjusting an internal clock ref-
erence. An external clock reference is retrieved from a

received external signal and the external clock refer-
ence is compared to an internal clock reference. The
resulting difference value is employed to permanently
compensate deviations of the internal clock reference.
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Description

[0001] The present invention relates to a method for
adjusting an internal clock in an electronic device and
an electronic device including a circuit for adjusting an
internal clock. In particular, the present invention relates
to a television receiver comprising a circuit for adjusting
an internal clock.
[0002] Today, many consumer devices use a real time
clock. This clock signal is employed in order to control
a start and/or end of operation. In particular, VCR's, sat-
ellite receivers, and radio alarm clocks may start an op-
eration depending on a preset point of time. When an
internal time value provided by an internal timer reaches
a predetermined point of time a preselected operation
is carried out.
[0003] Such electronic devices include an internal
clock source. An internal time value is calculated based
on the internal clock reference. Said internal clock is
generated by means of a crystal having a predetermined
resonance frequency. In order to achieve a high accu-
racy of the internal clock (and the internal time value) it
is known to use a crystal having a low deviation. How-
ever, crystals having a low deviation generally are too
expensive for use in consumer products.
[0004] It is an object of the present invention to pro-
vide a method for realizing a precise internal clock and
an apparatus including a precise clock, both using a
clock reference of low accuracy.
[0005] This object is achieved by the subject-matter
of claim 1 for a method and by claim 12 for an electronic
device.
[0006] Preferred embodiments are the subject-matter
of dependent claims.
[0007] The present invention performs an alignment
procedure in order to bring the internal clock in line with
an external clock. This procedure is based on a com-
parison step of the internal clock signal with the external
clock signal. The internal clock signal and the external
clock signal are sampled simultaneously twice, having
a predetermined period of time between both sampling
steps. The first and second sampling of the clock signals
generate first and second sample values. By evaluating
the sample values a correction value for the internal
clock reference is calculated.
[0008] First, differences are calculated between the
sample values of each of the clock signals respectively,
i.e. an internal difference value for the sample values of
the internal clock and an external difference value for
the sample values of the external clock. Second, an ab-
solute difference value is calculated between the inter-
nal difference value and the external difference value.
This absolute difference value represents a clock devi-
ation of the internal clock with regard to the external
clock reference. Third, a relative difference value is cal-
culated. Such a relative difference value is independent
of the period of time between both sampling steps and
is employed as a correction value for the internal clock.

The correction value (being the relative difference val-
ue) is stored in a non-volatile memory. This stored value
may permanently be employed for compensating a de-
viation of the internal clock to be in line with said external
clock reference.
[0009] Further, an electronic device using an internal
clock reference may include a processing unit adapted
to carry out the above described method. Such electron-
ic devices are simpler in construction and, thus, easier
to manufacture. The present invention allows to use in-
ternal clock references having a high deviation without
adversely effecting the clock accuracy of the internal
clock, in particular the accuracy of an internal real time
value.
[0010] According to a preferred embodiment, the
compensation procedure adds the calculated correction
value each time a predetermined period of time is
elapsed. Such a solution does not require a complex
hardware realisation.
[0011] It is one of the particular advantages of the
present invention that it is not necessary to further ac-
cess an external clock reference after a correction value
is calculated once. A repeated calculation of the com-
pensation value, a further calibration procedure, may be
carried out only in order to adjust variations due temper-
ature changes or due to ageing of the used components.
[0012] Additionally, the electronic device may com-
prise an electronic timer providing a real time value
based on the compensated internal clock. In a preferred
embodiment, the absolute time calculated by an internal
timer of the electronic device will be set in accordance
with an external absolute time reference in predeter-
mined time intervals. These time intervals may last for
several weeks or months and an calibration procedure
for calculating a new correction value will only be carried
out during normal operation of the electronic device.
[0013] In the following, preferred embodiments of the
present invention are described in conjunction with the
accompanying drawings, which show:

figure 1, a simplified block diagram of a convention-
al prior art electronic device,

figure 2, a simplified block diagram of a preferred
embodiment of an electronic device according to
the present invention,

figure 3, a simplified block diagram of a compensa-
tion circuit included in an electronic device of figure
2, and

figure 4, a simplified block diagram of a digital TV
receiver according to the present invention.

[0014] Today, many consumer devices include an in-
ternal clock which is used for controlling an internal
processing of the consumer device, an example of
which is shown in fig. 1, designated by reference numer-
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al 1. The internal clock is further employed to provide a
real time clock signal. Such an electronic device may be
a television receiver, a VCR, a satellite receiver or a ra-
dio.
[0015] The electronic device 1 may comprise an in-
ternal clock 2, a receiver 3 receiving an external signal
transmitted from an external source via an antenna 4
and an output unit 5. The receiving unit 3 is supplied
with the internal clock reference in order to generate an
internal real time clock.
[0016] When using an inexpensive internal clock
source, e.g. a resonator having a high deviation, an ac-
curate real time value can not be provided. Assuming
the internal clock source has a deviation of 200ppm.
Such a deviation results in a difference of about four
minutes after elapse of two weeks. Thus, a time-based
automated operation depending on the internal real time
signal of the electronic device is not possible when the
operation has to be in line with an external real time sig-
nal. In particular, when the operation, e.g. the recording
operation of a VCR, has to be carried out corresponding
to a program schedule of a broadcasting station.
[0017] According to the present invention, an unde-
sirable high deviation of an internal clock is compensat-
ed. The compensation is achieved by means for calcu-
lating a correction value and performing a compensation
operation. An example of an electronic device according
to the present invention is shown in figure 2. Blocks
which correspond to those of figure 1 are designated
with the same reference numerals.
[0018] In general, the electronic device shown in fig-
ure 2 corresponds to the electronic device of figure 1. In
addition, the electronic device of the present invention
comprises a real time clock unit 6 and a memory 7. Fur-
ther, the receiving unit 3 provides an external reference
signal which is extracted from the signal received from
the external source. The extracted external clock signal
is supplied to the real time clock unit 6. In response, the
real time clock unit 6 provides the receiving unit 3 with
a compensated real time clock signal.
[0019] An example for a configuration of a real time
clock unit 6 is shown in figure 3. The real time clock unit
6 receives an internal clock signal and an external clock
signal. Both clock signals are sampled by a sampling
unit 8. The operation of the sampling unit 8 is controlled
by a processing unit 9. The processing unit 9 is supplied
with the sampled values of the internal and external
clock signals from the sampling unit 8. The processing
unit 9 may store both sample values in a memory 7.
[0020] Based on the sampled clock values the
processing unit 9 calculates a compensation value
which is stored within memory 7 being a non-volatile
memory unit. The compensation value which is calcu-
lated once may be accessed during the whole life-time
of the electronic device from the non-volatile memory
unit 7.
[0021] A compensation of the internal clock is carried
out by a compensation unit 10 providing a real time clock

signal to the receiving unit 3.
[0022] The compensation procedure is preferably im-
plemented by software instructions which may also be
stored within said memory unit 7 or within a separate
memory. The procedure carried out by the processing
unit 9 in conjunction with the sampling unit 8 is called a
clock calibration routine. During the calibration phase,
the electronic device needs access to an external clock
reference. Such an external reference signal may be
provided during normal operation of the electronic de-
vice, but may also be provided especially for the calibra-
tion procedure.
[0023] The calibration procedure will take a sample of
the external clock reference Tref,1 and, at the same time,
a sample of the internal clock signal Tint,1. After a pre-
determined period of time, the length of which is de-
pending on the accuracy of the external clock reference
and that accuracy that the manufacturer of the electronic
device wants to achieve, a second sample of the exter-
nal clock Tref,2 and the internal clock Tint,2 are taken.
Thus, four sample values, two for each clock signal, are
taken and stored in memory unit 7.
[0024] Subsequently, a difference between both sam-
ple values of a clock signal is calculated, separately for
each clock signal. An internal difference value ∆Tint rep-
resents the difference between both sample values of
the internal clock signal:

[0025] The difference of the external clock sample
values is calculated as:

[0026] The deviation of the internal clock is calculated
as follows:

[0027] Such a difference indicates an absolute devi-
ation of the internal clock which has been accumulated
during the time period between both sampling steps. A
relative difference value may be calculated as follows:

[0028] This relative difference value ∆TR is an individ-
ual value for each electronic device. The value depends
on the deviation of the used internal clock reference (i.
e. the deviation of the used resonator). In order to make
a permanent compensation of this deviation possible
the difference value has to be stored permanently within
a non-volatile memory 7.

∆Tint = ∆Tint,1 - ∆Tint,2

∆Tref = ∆Tref,1 - ∆Tref,2

∆T = ∆Tint - ∆Tref

∆TR = ∆T / nTref

3 4



EP 1 122 622 A1

4

5

10

15

20

25

30

35

40

45

50

55

[0029] A permanent compensation allows to bridge
long unused periods of the electronic device without a
significant deviation of the internal real time value. Thus,
the present invention allows a precise start of normal
operation by an automated procedure after long stand-
by periods.
[0030] The above described calibration procedure
may be carried out during a first set-up phase of the elec-
tronic device at the customer's home, or during manu-
facturing. Preferably, the calibration procedure is carried
out during a short operation test during manufacturing.
Neither the set-up procedure nor the manufacturing will
be adversely effected since the calibration procedure
may be automatically handled by software inside the
electronic device and does not require any manual in-
teraction input commands.
[0031] The external clock may be a real time clock sig-
nal. Generally, real time clock signals are generated with
high accuracy using professional equipment or being
derived from an officially broadcasted clock reference
signal or from a GPS signal.
[0032] Depending on the kind of electronic device dif-
ferent external signals may be used as an external clock
reference. Preferably these signals are received and
processed during a normal operation mode of the elec-
tronic device. In case, the electronic device is a digital
TV receiver (DTV receiver) or a VCR including a digital
television receiver the DTV receiver may access during
normal operation either the Program Clock Reference
(PCR) or the Time Description Table (TDT) which are
included in an MPEG2 Transport Stream. The Program
Clock Reference is described in more detail in reference
ISO/IEC 13818-1 and the Time Description Table in ET-
SI EN-300 468. The Time Description Table is part of
the SI tables which are transmitted according to the dig-
ital video broadcasting standard (DVB). It contains the
UTC time and date information having a resolution of
one second. It is used to set the real time and date within
digital TV receivers. The Program Clock Reference
(PCR) is located in the adaptation field of the MPEG
Transport Stream (TS) packet and has a resolution 1/27
MHz. It is transmitted at least every 100 ms and is used
to synchronize an MPEG decoder of the DTV receiver
with the transmitting device.
[0033] Analogue television receivers have access to
videotext time information during normal operation. De-
tails of the video time information are given in EBU-SPB
492.
[0034] Radio receivers may extract time information
from the radio data system. Digital radio receivers (DAB
receivers) using a crystal or resonator as external clock
source may extract an external clock reference from the
time information in the Fast Group of the Fast Informa-
tion Channel (FIC). This information is described with
more detail in ETS 300 401. Of course, an electronic
device may extract an external clock from a different
source. Preferably, the external clock signal is accessed
during normal operation, but may also be provided sep-

arately.
[0035] When employing a method or an electronic de-
vice according to the present invention, the internal
clock resonator still provides a clock frequency that does
not correspond to a precise real time clock. But due to
the known difference between the internal clock fre-
quency and the real time clock frequency, the electronic
device is able to compensate the difference and to cal-
culate a correct real time value.
[0036] Such a compensation procedure may be re-
peatedly carried out within said electronic device in or-
der to correct influences of slow temperature changes,
e.g. to overcome differences between summer and win-
ter temperatures, and/or to correct the influence of age-
ing effects of the employed components.
[0037] In the following, an example will be given for
the operation of the present invention.
[0038] It is assumed that the internal clock source has
a deviation of 200ppm. Further, the internal real time
clock has a resolution of 1/100 second. It is desired that
the internal real time clock keeps a precision of ±2 sec-
onds per day. This value represents a maximum allow-
able deviation of the real time clock and corresponds to
a deviation of 1/100 second per 7.2 minutes (corre-
sponding to 432 seconds). Further, it is assumed that
the external clock reference has a resolution of 1/1000
second.
[0039] Due to the given resolution of 1/100 second of
the internal clock, the maximal allowable deviation of
1/100 second may first be detected after elapse of 432
seconds. However, it is not known at which time instant
within each 1/100 second time slot each sample value
of the internal clock signal is taken. Thus, a deviation of
1/100 second may not be detected. In order to make a
deviation of 1/100 second reliably detectable, the mini-
mum time period (being ∆Tref) between both sampling
steps should at least last 864 seconds.
[0040] Assuming, the calibration phase starts at a
time of Tref,1 being 1 h, 0 min, 0.0 s. At this time, Tint,1
will be set to Tref,1. Thus, the internal clock is in line with
the external clock at the time Tref,1.
[0041] After a lapse of one hour according to the ex-
ternal clock signal (more than 864 seconds) a second
time sample is taken. Tref,2 being 2 h, 0 min, 0.0 s and,
as an example, Tint,2 being 2 h , 0 min, 0.720 s. Subse-
quently, the internal time reference will again be set to
the external reference time.
[0042] The second sample value of the internal clock
time Tint,2 having a deviation from the external clock ref-
erence of 0.720s. 0.720s being the absolute difference
value nT. The relative difference value ∆TR may be cal-
culated as follows:

[0043] This value corresponds to 200ppm having
been assumed to be the deviation of the internal clock

∆TR = 0.72s / 3600s = 200 ppm = 2 * 10-4
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source. In general, no further calibration procedure is
necessary in order to calculate a compensation value.
Thus, access to an external clock is required only once
in order to correct the internal clock for the life time of
the electronic device.
[0044] The internal clock will be corrected using the
stored relative difference value ∆TR after a predeter-
mined period of time. According to the above example,
the internal clock will exceed the limit of ± 2 seconds,
without any correction, after 10 000 seconds. Thus, a
correction has to be carried out after lapse of that time,
for instance, after 7200 seconds (corresponding to 2
hours time). After lapse of 7200 seconds the following
correction value has to be subtracted or added:

[0045] The current internal clock value will be correct-
ed using the above value. The new internal real time
clock value will be written back into the real time clock
memory. The internal real time clock will be further proc-
essed starting from this value. This correction proce-
dure, using this correction value, has to be carried out
all 7200 seconds.
[0046] In the above example, two alignment proce-
dures are carried out. First, the speed of the internal
clock is corrected. This enables the electronic device to
calculate time differences which correspond to a refer-
ence time difference. Second, the absolute real time val-
ue is corrected. This enables the internal timer to pro-
vide a real time signal corresponding to an external ref-
erence. In this way, an automated operation of the elec-
tronic device with regard to an external device is possi-
ble, both using a common real time reference.
[0047] After long periods of time, it is desirable to set
the internal timer again to the absolute time of the ex-
ternal clock. This may be done, for example, every time
the electronic device is switched from a stand-by mode
into a normal operation mode. A precision which is
achieved for an internal real time accuracy according to
the present invention will be sufficient for programming
an automatic timer of a VCR or a TV receiver for at least
more than several weeks.
[0048] An example for a digital TV receiver incorpo-
rating the present invention is shown in fig. 4. An exter-
nal digital signal is received via an antenna 4. The re-
ceived external signal is first processed in a NIM which
supplies a processed signal to an MPEG TS demulti-
plexer 10b. The MPEG TS demultiplexer 10b provides
a demultiplexed MPEG transport stream to other
processing units and further provides an extracted ex-
ternal time signal to a CPU 9. The digital television re-
ceiver further comprises an internal clock 2. The internal
clock signal is provided to a real time clock unit which is
part of a processing unit 9. The CPU calculates based
on the external clock signal and on the internal clock
signal a compensation value and enables the real time

nTR * 7200 s = (200 / 1 000 000) * 7200 s = 1.44 s

clock unit to provide an internal clock to the CPU which
is in line with the external clock.
[0049] The present invention does not need to receive
a time reference during normal operation. The de-
scribed calibration procedure may only be carried out
during manufacturing. In such a situation, it will be easy
to provide a precise clock reference which may be used
to compare the internal clock reference to the external
clock reference.
[0050] Further, it is not necessary to provide an abso-
lute time reference, but reliable clock pulses having a
sufficient accuracy in order to correct the internal clock
reference. The calculated deviation of the internal clock
reference will be stored permanently in a non-volatile
memory of the device. Each electronic device may have
a different correction value. During operation, the inter-
nal clock will permanently be corrected based on the val-
ue stored in the non-volatile memory of the device.

Claims

1. A method for adjusting an internal clock reference
of an electronic device, comprising the following
steps:

receiving a signal transmitted from an external
source,

retrieving an external clock reference from said
received signal,

sampling an internal clock reference and the
external clock reference simultaneously in or-
der to generate first sample values (Tint,1,
Tref,1),

repeating the sampling step after a predeter-
mined period of time (∆Tref) in order to generate
second sample values (Tint,2, Tref,2),

calculating an internal difference value (∆Tint)
between both sample values (Tint,1, Tint,2) of the
internal clock reference,

calculating an external difference value (∆Tref)
between both sample values (Tref,1, Tref,2) of
the external clock reference,

calculating an absolute difference value (∆T)
between the internal difference value (∆Tint)
and the external difference value (∆Tref),

calculating a relative difference value (∆TR)
based on said absolute difference value (AT),

storing said calculated difference value (∆TR),

7 8
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compensating said internal clock reference to
be in line with said external clock reference
based on said stored relative difference value
(∆TR).

2. A method according to claim 1 wherein said signal
transmitted from the external source being a televi-
sion signal or a radio signal.

3. A method according to claim 2 wherein said exter-
nal clock reference being a Program Clock Refer-
ence (PCR) or a Time Description Table (TDT)
when said received signal being a digital television
signal.

4. A method according to claim 2 wherein said exter-
nal clock reference being a videotext time informa-
tion when said received signal being an analogue
television signal.

5. A method according to claim 2 wherein said exter-
nal clock reference being time information from a
radio data system (RDS) when said received signal
being a radio signal.

6. A method according to any of claims 1 to 5 wherein
said method being carried out during a first setup of
said electronic device.

7. A method according to any of claims 1 to 6 wherein
said method being carried out during manufacturing
of said electronic device.

8. A method according to any of claims 1 to 7 wherein
said method being carried out at predetermined
time intervals during normal operation of said elec-
tronic device.

9. A method according to any of claims 1 to 8 wherein
said method being performed and initiated automat-
ically.

10. A method according to any of claims 1 to 9 wherein
said internal clock reference being compensated by
adding said relative difference value (∆TR) in pre-
determined intervals to a current time value.

11. A method according to any of claims 1 to 10 wherein
a current internal time value being set to an absolute
time provided by the external reference.

12. An electronic device comprising:

an internal clock unit (2) providing an internal
clock reference,

a receiving unit (3) for receiving a signal trans-
mitted from an external source and for retriev-

ing an external clock reference from the re-
ceived signal,

a processing unit (6) being adapted to:

generate first and second sample values
(Tint,1, Tint,2, Tref,1, Tref,2) by sampling said
internal and said external clock reference
simultaneously at two different points of
time having a predetermined period of time
in between,

calculate an internal difference value
(∆Tint) between both sample values of said
internal clock reference (Tint,1, Tint,2) and
an external difference value (∆Tref) be-
tween both sample values of said external
clock reference (Tref,1, Tref,2)

calculate an absolute difference value (∆T)
between the internal difference value
(∆Tint) and the external difference value
(∆Tref),

calculate a relative difference value (∆TR),

and compensate said internal clock refer-
ence to be in line with said external clock
reference based on said relative difference
value (∆TR),

a memory (7) for storing said relative difference
value (nTR).

13. An electronic device according to claim 12 wherein
said electronic device being a digital television re-
ceiver.

14. An electronic device according to claim 13 wherein
said external clock reference being a Program
Clock Reference (PCR) or a Time Description Table
(TDT).

15. An electronic device according to claim 12 wherein
said electronic device being an analogue television
receiver and said external clock reference being a
videotext time information.

16. An electronic device according to claim 12 wherein
said electronic device being a radio and said exter-
nal clock reference being time information from a
radio data system (RDS).

17. An electronic device according to any of claims 12
to 16 further comprising an adding circuit (9) for
adding said stored relative difference value (nTR)
to said current internal time after a predetermined
period of time.

9 10
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