
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
09

6 
46

1
B

1
*EP003096461B1*

(11) EP 3 096 461 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
05.08.2020 Bulletin 2020/32

(21) Application number: 15200621.9

(22) Date of filing: 16.12.2015

(51) Int Cl.:
H03M 1/50 (2006.01) H03M 3/00 (2006.01)

(54) METHOD AND APPARATUS FOR ENCODING ANALOG SIGNAL INTO TIME INTERVALS

VERFAHREN UND VORRICHTUNG ZUR CODIERUNG EINES ANALOGSIGNALS IN 
ZEITINTERVALLEN

PROCÉDÉ ET APPAREIL DE CODAGE D’UN SIGNAL ANALOGIQUE EN INTERVALLES DE TEMPS

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 21.05.2015 PL 41243415
21.05.2015 PL 41243515

(43) Date of publication of application: 
23.11.2016 Bulletin 2016/47

(73) Proprietor: AKADEMIA GORNICZO-HUTNICZA 
im. Stanislawa Staszica
30-059 Krakow (PL)

(72) Inventors:  
• KOSCIELNIK, Dariusz

31-431 Krakow (PL)
• MISKOWICZ, Marek

31-636 Krakow (PL)

(74) Representative: Kacperski, Andrzej
Kancelaria Prawno-Patentowa 
ul. Kupa 3/9
31-057 Krakow (PL)

(56) References cited:  
• HAFLIGER P ET AL: "Analog to interval encoder 

with active use of gate leakage for an implanted 
blood-sugar sensor", BIOMEDICAL CIRCUITS 
AND SYSTEMS CONFERENCE, 2008. BIOCAS 
2008. IEEE, IEEE, PISCATAWAY, NJ, USA, 20 
November 2008 (2008-11-20), pages 169-172, 
XP031398830, ISBN: 978-1-4244-2878-6

• LAZAR A A ET AL: "Time encoding and perfect 
recovery of bandlimited signals", 
PROCEEDINGS OF INTERNATIONAL 
CONFERENCE ON ACOUSTICS, SPEECH AND 
SIGNAL PROCESSING (ICASSP’03) 6-10 APRIL 
2003 HONG KONG, CHINA; [IEEE 
INTERNATIONAL CONFERENCE ON 
ACOUSTICS, SPEECH, AND SIGNAL 
PROCESSING (ICASSP)], IEEE, 2003 IEEE 
INTERNATIONAL CONFE, vol. 6, 6 April 2003 
(2003-04-06), pages VI_709-VI_712, 
XP010640850, DOI: 
10.1109/ICASSP.2003.1201780 ISBN: 
978-0-7803-7663-2

• DAZHI WEI ET AL: "Signal reconstruction from 
spiking neuron models", PROCEEDINGS / 2004 
IEEE INTERNATIONAL SYMPOSIUM ON 
CIRCUITS AND SYSTEMS : MAY 23 - 26, 2004, 
SHERATON VANCOUVER WALL CENTRE 
HOTEL, VANCOUVER, BRITISH COLUMBIA, 
CANADA, IEEE OPERATIONS CENTER, 
PISCATAWAY, NJ, vol. 5, 23 May 2004 
(2004-05-23), pages 353-356, XP010720278, ISBN: 
978-0-7803-8251-0



EP 3 096 461 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The subject of this invention is a method and
an apparatus for encoding analog signal into time inter-
vals that can be applied in processing of signals, espe-
cially bandlimited, if recovery of analog signal is required,
as well as in monitoring and control systems.
[0002] A method for encoding analog signal into time
intervals known from the article Aurel A. Lazar and Laszlo
T. Toth, "Perfect Recovery and Sensitivity Analysis of
Time Encoded Bandlimited Signals", IEEE Transactions
on Circuits and Systems, vol. 51, no. 10, October 2004,
pp. 2060 - 2073, consists in using the asynchronous Sig-
ma-Delta modulator as the time encoding machine
(TEM). The difference between an analog input signal
and a binary signal produced by the output of the time
encoding machine is provided to the input of an integra-
tor. The signal on the integrator output grows when the
binary signal on the time encoding machine output is pos-
itive, and respectively falls when the binary signal is neg-
ative. The signal on the integrator output is provided to
the input of a Schmitt trigger, therefore, the rate of chang-
es of the signal on the integrator output is modulated by
analog input signal magnitude. The widths of positive and
negative pulses on the output of the asynchronous Sig-
ma-Delta modulator, which is at the same time the output
of the Schmitt trigger, depends on the actual magnitude
of the analog input signal averaged within time intervals
defined by the pulse widths.
[0003] A method for encoding analog signal into time
intervals known from the article J. G. Harris, Xu Jie, M.
Rastogi, A. S. Alvarado, V. Garg, J. C. Principe, K. Vup-
pamandla, "Real Time Signal Reconstruction from
Spikes on a Digital Signal Processor", IEEE International
Symposium on Circuits and Systems, May 2008, pp.
1060-1063, consists in using the Spiking Neuron circuit
as the time encoding machine (TEM). The input analog
signal controls the intensity of the current source, which
is always greater than zero. The charge delivered by the
current source is successively accumulated in a capac-
itor, which cause an increase of a voltage on that capac-
itor. This voltage is compared to a prespecified threshold
by the use of a comparator. When the voltage increasing
on the capacitor reaches the threshold, a short pulse is
produced on the output of the comparator, which is at
the same time the output of the Spiking Neuron circuit
that acts as the time encoding machine. This pulse turns
on a transistor that connects plates of the capacitor caus-
ing capacitor discharge. When the pulse generation is
terminated by the comparator, accumulation of a next
charge portion is started, and the cycle is repeated. Time
intervals between successive pulses generated on the
output of the Spiking Neuron circuit represent magnitude
of analog signal averaged within time intervals defined
by the pulse widths.
[0004] An apparatus for encoding analog signal into
time intervals known from the article Aurel A. Lazar and
Laszlo T. Toth, "Perfect Recovery and Sensitivity Anal-

ysis of Time Encoded Bandlimited Signals", IEEE Trans-
actions on Circuits and Systems, vol. 51, no. 10, October
2004, pp. 2060 - 2073, is based on the asynchronous
Sigma-Delta modulator. Analog input signal is provided
to a non-inverting input of an adder, whose inverting input
is connected to an output of the asynchronous Sigma-
Delta modulator that acts as the time encoding machine.
The output of the adder is connected to the input of the
integrator, whose output is connected to the non-invert-
ing input of the Schmitt trigger. The output of the Schmitt
trigger is at the same time the output of the asynchronous
Sigma-Delta modulator.
[0005] An apparatus for encoding analog signal into
time intervals known from the article J. G. Harris, Xu Jie,
M. Rastogi, A. S. Alvarado, V. Garg, J. C. Principe, K.
Vuppamandla, "Real Time Signal Reconstruction from
Spikes on a Digital Signal Processor", IEEE International
Symposium on Circuits and Systems, May 2008, str.
1060 - 1063, is based on the Spiking-Neuron circuit. An-
alog input signal is provided to a control input of a current
source introduced between a supply voltage and a top
plate of a capacitor. The top plate of the capacitor is at
the same time connected to a non-inverting input of a
comparator, and a reference voltage is connected to an
inverting input of the comparator. The output of the com-
parator, which is at the same time the output of the Spik-
ing-Neuron circuit that acts as the time encoding machine
controls a gate of a transistor that acts as a switch. The
transistor is connected to the capacitor in parallel, while
a bottom plate of the capacitor is connected to ground of
the circuit.
[0006] A publication Hafliger P. et al: "Analog to interval
encoder with active use of gate leakage for an implanted
blood-sugar sensor", Biomedical Circuits And Systems
Conference, 2008, BIOCAS 2008. IEEE, IEEE, Piscata-
way, NJ, USA, 20 November 2008 (2008-11-20), pages
169-172, XP031398830, ISBN: 978-1-4244-2878-6, de-
scribes an integrated circuit of a glucose sensor implant.
The tasks of this circuit are the powering and sampling
of the sensor, and the data conversion for transmission
on a serial digital wireless link. By using intervals between
digital signals, a simple digital link is used to encode an-
alog data without the need for a full analog to digital con-
version. The sample-and-hold circuit is used to invert po-
larity of an input before its integration.
Successive inversion of the polarity of the input signal
implies alternate charging and discharging operations,
and thereby a generation of positive and negative pulses
by the time encoding machine.
[0007] A method for encoding analog signal into time
intervals, according to the invention, consists in a gen-
eration of time intervals using a time encoding machine,
while widths of time intervals represent values of the an-
alog signal.
[0008] The essence of the method is that a signal of a
constant value is held during a generated time interval
on a time encoding machine input by the use of a sample-
and-hold circuit, while the constant value of the signal
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held during the generated time interval represents an in-
stantaneous value of encoded analog signal at the end
of generation of a previous time interval.
The instantaneous value of the encoded analog signal
is sampled and locked by the use of the sample-and-hold
circuit when the time encoding machine terminates the
generation of the previous time interval.
The signal having a constant value is held during a gen-
erated time interval on a time encoding machine input by
the use of one of modules of the sample-and-hold circuit,
and an actual value of the encoded analog signal is sam-
pled the use of one of modules of the sample-and-hold
circuit, while roles of the modules of the sample-and-hold
circuit are interchanged cyclically at the end of the gen-
eration of each time interval.
[0009] An apparatus for encoding analog signal into
time intervals, according to the invention, comprises the
time encoding machine equipped with a signal input and
a time output.
[0010] The essence of the apparatus is that the analog
signal is provided to an input of the sample-and-hold cir-
cuit by the use of a signal input. An output of the sample-
and-hold circuit is connected to an input of the time en-
coding machine. An output of the time encoding machine
is connected to an output of the apparatus, and to a con-
trol input of the sample-and-hold circuit.
[0011] It is advantageous if the sample-and-hold circuit
comprises at least two sample-and-hold modules.
[0012] It is advantageous if an asynchronous Sigma-
Delta modulator acts as the time encoding machine.
[0013] It is advantageous if a Spiking-Neuron circuit
acts as the time encoding machine.
[0014] Due to time encoding of samples of a signal
instead of encoding a signal in continuous time, the width
of each time interval represents an instantaneous value
of a signal instead of its averages in time intervals of a
variable width. Furthermore, due to time encoding of
samples of a signal, a given time interval width depends
on a given sample value. The latter simplifies the recov-
ery of a signal based on knowledge of time interval widths
because of reduction of computational complexity and
improvement of recovery accuracy.
[0015] Encoding of samples of a signal eliminates also
attenuation of high frequencies which happens in case
of encoding a signal in continuous time by its integration.
Therefore, if time intervals are further quantized and cod-
ed to digital words, quantization noise is uniformly dis-
tributed in the bandwidth of the encoded signal. Addition-
ally, the quantization noise density reaches then its min-
imum which is dependent on the quantization step only.
[0016] The solution according to the invention is pre-
sented in the following figures:

Fig. 1 illustrates the block diagram of the apparatus.
Fig. 2 illustrates the schematic diagram of the appa-

ratus comprising the sample-and-hold circuit
SH with two modules MSH, and with the asyn-
chronous Sigma-Delta modulator that acts as

the time encoding machine TEM.
Fig. 3 illustrates the schematic diagram of the appa-

ratus comprising the sample-and-hold circuit
SH with two modules MSH, and with the Spik-
ing-Neuron that acts as the time encoding ma-
chine TEM.

Fig. 4 illustrates the output signal TEMout of the asyn-
chronous Sigma-Delta modulator representing
time intervals produced in time encoding proc-
ess.

Fig. 5 illustrates the output signal TEMout of the Spik-
ing-Neuron representing time intervals pro-
duced in time encoding process.

[0017] The method for encoding analog signal into time
intervals, according to the invention, consists in time en-
coding of samples of the analog signal. The value of a
sample held on the input TEMin of the time encoding
machine TEM during a generation of a time interval Tx
represents an instantaneous value of encoded analog
signal when the time encoding machine terminates the
generation of a previous time interval Tx-1.
[0018] The instantaneous value of encoded analog
signal provided to the signal input In of the apparatus is
sampled and locked by the use of the sample-and-hold
circuit SH at the end of the generation of each time in-
terval.
[0019] In the solution comprising two sample-and-hold
modules MSH, the sample of encoded analog signal is
held on the input TEMin of the time encoding machine
TEM by the use of the first sample-and-hold module. At
the same time, encoded signal is sampled and locked by
the use of the first sample-and-hold module at the end
of the generation of each time interval Tx. The roles of
the sample-and-hold modules MSH are interchanged cy-
clically at the end of generation of each time interval.
[0020] In the first embodiment, the apparatus for en-
coding analog signal into time intervals, according to the
invention, comprises the time encoding machine TEM
and the sample-and-hold circuit SH (Fig. 1). The input
signal is provided to the input SHin of the sample-and-
hold circuit SH via the analog input In. The output SHout
of the sample-and-hold circuit SH is connected to an input
TEMin of the time encoding machine TEM, while the out-
put TEMout of the time encoding machine is connected
to the time output Out of the apparatus, and to the control
input SHctr of the sample-and-hold circuit SH.
[0021] In the second embodiment, the apparatus for
encoding analog signal into time intervals, according to
the invention, comprises two modules MSH, and the
asynchronous Sigma-Delta modulator acts as the time
encoding machine TEM (Fig. 2).
[0022] The analog signal is provided to the signal input
In of the apparatus, which is connected to the input SHin
of the sample-and-hold circuit SH. Each of two modules
MSH of the sample-and-hold circuit SH comprises a ca-
pacitor C and an on-off switch S. A top plate of the ca-
pacitor C is connected through a relevant on-off switch
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S to the input SHin of the sample-and-hold circuit SH,
and through a change-over switch SW to the output
SHout of the sample-and-hold circuit SH. A bottom top
plate of the capacitor C is connected to the ground of the
circuit. Control inputs of both on-off switches S, and a
control input of the change-over switch SW are coupled
together and connected to the control input SHctr of the
sample-and-hold circuit SH. The output SHout of the
sample-and-hold circuit SH is connected to the input
TEMin of the time encoding machine TEM realized as
the asynchronous Sigma-Delta modulator comprising an
adder, an integrator and Schmitt trigger. The output TE-
Mout of the time encoding machine TEM, which is at the
same time the time output Out of the apparatus is con-
nected to the control input SHctr of the sample-and-hold
circuit SH.
[0023] In the third embodiment, the sample-and-hold
circuit SH comprises two modules MSH and a modulo
two counter CT, while the time encoding machine TEM
is realized as the known Spiking-Neuron circuit (Fig. 3).
The analog signal is provided to the signal input In of the
apparatus, which is connected to the input SHin of the
sample-and-hold circuit SH. Each of two modules MSH
of the sample-and-hold circuit SH comprises the capac-
itor C and the on-off switch S. The top plate of the ca-
pacitor C is connected through the relevant on-off switch
S to the to the input SHin of the sample-and-hold circuit
SH, and through the change-over switch SW to the output
SHout of the sample-and-hold circuit SH. The bottom
plate of the capacitor C is connected to the ground of the
circuit. The control inputs of both on-off switches S, and
the control input of the change-over switch SW are cou-
pled together and connected to the control output Sctr of
the modulo two counter CT.
[0024] The output SHout of the sample-and-hold circuit
SH is connected to the input TEMin of the time encoding
machine TEM realized as the known Spiking-Neuron cir-
cuit comprising a controlled current source, a capacitor,
a comparator, a reference voltage source, and an on-off
switch. The output TEMout of the time encoding machine
TEM, which is simultaneously the time output Out of the
apparatus is connected to the control input SHctr of the
sample-and-hold circuit SH, which is at the same time
the input of the modulo two counter CT.
[0025] Time encoding of analog signal into time inter-
vals in the first embodiment, according to the invention,
is realized as follows (Fig. 1).
[0026] The value of a sample is held on the input TEMin
of the time encoding machine TEM during a generation
of a time interval Tx. The value of this sample represents
an instantaneous value of encoded analog signal sam-
pled and locked by the use of the sample-and-hold circuit
SH when the time encoding machine terminates the gen-
eration of the previous time interval Tx-1. Due to holding
a sample of a constant value on the input TEMin of the
time encoding machine TEM, the width of the time interval
Tx generated by the time encoding machine TEM repre-
sents the instantaneous value of encoded analog signal.

At the same time, the termination of the time interval Tx
produced by the time encoding machine TEM, which is
signalled on the output TEMout of the time encoding ma-
chine TEM, causes a capture and locking of the next
sampled of the analog signal by the sample-and-hold cir-
cuit SH, and a next samples represents a new instanta-
neous value of the analog signal, and the cycle is repeat-
ed.
[0027] Time encoding of analog signal into time inter-
vals in the second embodiment (Fig. 2), according to the
invention, is realized as follows. The value of a sample
is held on the input TEMin of the time encoding machine
TEM during a generation of a time interval Tx. The value
of this sample represents an instantaneous value of en-
coded analog signal sampled and locked by the use of
the sample-and-hold circuit SH when the time encoding
machine terminates the generation of the previous time
interval Tx-1.
[0028] The time encoding machine TEM holds a low
state on the output TEMout during the time interval Tx
(Fig. 4). The low state provided through the control input
SHctr of the sample-and-hold circuit SH to the control
inputs of the on-off switch S, and to the control input the
change-over switch SW, causes the opening of the on-
off switch S of the upper module MSH of the sample-and-
hold circuit SH, and the disconnection of the capacitor C
of the upper module MSH from the input SHin of the sam-
ple-and-hold circuit SH.
[0029] In this way, the upper module MSH is kept in
the hold mode. A low state provided to the control input
of the change-over switch SW causes the switching of
the change-over switch SW into the upper position, and
the connection of the input TEMin of the time encoding
machine TEM to the capacitor C of the upper module
MSH. The capacitor C keeps a constant voltage on the
input TEMin of the time encoding machine TEM, and this
voltage corresponds to an instantaneous value of the an-
alog signal frozen when the time encoding machine ter-
minates the generation of the previous time interval Tx-1.
The low state provided to the control input of the on-off
switch S causes the closure of the on-off switch S of the
lower module MSH of the sample-and-hold circuit SH,
and the connection of the capacitor C of the lower module
MSH of the sample-and-hold circuit SH to the input SHin
of the sample-and-hold circuit SH. In this way, the lower
module MSH is kept in the sample mode, and the voltage
on the capacitor C of the lower module MSH follows the
analog signal.
[0030] At the instant when the generation of the time
interval Tx is terminated, and at the same time, the gen-
eration of the time interval Tx+1 is started, the output TE-
Mout of the time encoding machine TEM is switched to
the high state (Fig. 4). The high state provided through
the control input SHctr of the sample-and-hold circuit SH
to the control input of the on-off switch S, and to the con-
trol input the change-over switch SW, causes the opening
of the on-off switch S of the lower module MSH of the
sample-and-hold circuit SH, and the disconnection of the
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capacitor C of the lower module MSH from the input SHin
of the sample-and-hold circuit SH.
[0031] In this way, the voltage on the capacitor C of
the lower module MSH is created, and this voltage cor-
responds to an instantaneous value of the analog signal
when the time encoding machine terminates the gener-
ation of the previous time interval Tx by the time encoding
machine TEM, and the lower module MSH is introduced
into the hold mode.
[0032] The high state provided to the control input of
the change-over switch SW causes the switching of the
change-over switch SW into a lower position, and the
connection of the input TEMin of the time encoding ma-
chine TEM to the capacitor C of the lower module MSH.
The capacitor C keeps a constant voltage on the input
TEMin of the time encoding machine TEM.
[0033] The high state provided to the control input of
the on-off switch S of the upper module MSH causes the
closure of the on-off switch S of the upper module MSH,
and the connection of the capacitor C of the upper module
MSH to the input SHin of the sample-and-hold circuit SH.
In this way, the upper module MSH is kept in the sample
mode, and the voltage on the capacitor C of the upper
module MSH follows the analog signal.
[0034] At the instant when the generation of the time
interval Tx+1 is terminated, and at the same time the gen-
eration of the time interval Tx+2 is started, the output TE-
Mout of the time encoding machine TEM is switched to
the low state (Fig. 4), and the cycle is repeated.
[0035] Time encoding of analog signal into time inter-
vals in the third embodiment (Fig. 3), according to the
invention, is realized as follows.
[0036] The modulo two counter CT holds a low state
on its output Sctr during a generation of a time interval
Tx (Fig. 5). This low state provided to the control input of
the on-off switch S, and to the control input the change-
over switch SW, causes the opening of the on-off switch
S of the upper module MSH of the sample-and-hold cir-
cuit SH, and the disconnection of the capacitor C of the
upper module MSH from the input SHin of the sample-
and-hold circuit SH.
[0037] In this way, the upper module MSH is kept in
the hold mode. The low state provided to the control input
of the change-over switch SW causes the switching of
the change-over switch SW into the upper position, and
the connection of the input TEMin of the time encoding
machine TEM to the capacitor C of the upper module
MSH. The capacitor C keeps a constant voltage on the
input TEMin of the time encoding machine TEM, and this
voltage corresponds to an instantaneous value of the an-
alog signal frozen when the time encoding machine ter-
minates the generation of the previous time interval Tx-1.
The low state provided to the control input of the on-off
switch S causes the closure of the on-off switch S of the
lower module MSH of the sample-and-hold circuit SH,
and the connection of the capacitor C of the lower module
MSH of the sample-and-hold circuit SH to the input SHin
of the sample-and-hold circuit SH. In this way, the lower

module MSH is kept in the sample mode, and the voltage
on the capacitor C of the lower module MSH follows the
analog signal.
[0038] At the instant when the generation of the time
interval Tx is terminated, and at the same time the gen-
eration of the time interval Tx+1 is started, a short pulse
is produced on the output TEMout of the time encoding
machine TEM (Fig. 5). This pulse provided through the
control input SHctr of the sample-and-hold circuit SH to
the input of the modulo two counter CT causes the switch-
ing of the output Sctr of the modulo two counter CT to
the high state (Fig. 5).
[0039] The high state provided to the control input of
the on-off switch S, and to the control input of the change-
over switch SW causes the opening of the on-off switch
S of the lower module MSH, and the disconnection of the
capacitor C of the lower module MSH from the input SHin
of the sample-and-hold circuit SH. In this way, the ca-
pacitor C keeps a constant voltage, and this voltage cor-
responds to an instantaneous value of the analog signal
when the time encoding machine TEM terminates the
generation of the previous time interval Tx, and the lower
module MSH is introduced into the hold mode.
[0040] The high state provided to the control input of
the change-over switch SW causes the switching of the
change-over switch SW into the lower position, and the
connection of the input TEMin of the time encoding ma-
chine TEM to the capacitor C of the lower module MSH.
The capacitor C keeps a constant voltage on the input
TEMin of the time encoding machine TEM.
[0041] The high state provided to the control input of
the on-off switch S of the upper module MSH causes the
closure of the on-off switch S of the upper module MSH,
and the connection of the capacitor C of the upper module
MSH to the input SHin of the sample-and-hold circuit SH.
In this way, the upper module MSH is kept in the sample
mode, and the voltage on the capacitor C of the upper
module MSH follows the analog signal.
[0042] At the instant when the generation of the time
interval Tx+1 is terminated, and at the same time the gen-
eration of the time interval Tx+2 is started, a short is pro-
duced on the output TEMout of the time encoding ma-
chine TEM (Fig. 5). This pulse provided through the con-
trol input SHctr of the sample-and-hold circuit SH to the
input of the modulo two counter CT causes the switching
of the output Sctr of the modulo two counter CT to the
low state (Fig. 5), and the cycle is repeated.

Acronims

[0043]

In signal input
Out time output
TEM time encoding machine
TEMin time encoding machine input
TEMout time encoding machine output
SH sample-and-hold circuit
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SHin sample-and-hold circuit input
SHout sample-and-hold circuit output
SHctr sample-and-hold circuit control input
CT modulo two counter
Sctr modulo two counter output
MSH module of sample-and-hold circuit
S on-off switch
SW change-over switch
C capacitor

Claims

1. Method for encoding an analog input signal into time
intervals by means of a time encoding machine,
wherein the width of time intervals generated at an
output of the time encoding machine represents val-
ues of the analog input signal, characterized in that
during the generation of a time interval a sample of
the input signal is held at the input of the time en-
coding machine (TEM) by means of a sample-and-
hold circuit (SH), wherein the time interval represents
an instantaneous value of the analog input signal
sampled during the generation of a previous time
interval, wherein the end of the time interval gener-
ated at the output of the time encoding machine
(TEM) triggers a control signal that causes a next
sample of the analog input signal to be captured and
held by the sample-and-hold circuit (SH), the next
sample representing a new instantaneous value of
the analog input signal.

2. Method as claimed in claim 1 characterized in that
the sample of the input signal is held at the input of
the time encoding machine (TEM) during the gener-
ation of the time interval by means of a first capacitor
(MSH) of the sample-and-hold circuit (SH), and an
actual value of the analog input signal is sampled by
means of a second capacitor (MSH) of the sample-
and-hold circuit (SH), wherein the roles of the mod-
ules (MSH) of the sample-and-hold circuit (SH) are
interchanged cyclically at the end of each generated
time interval.

3. Apparatus connected to encode an analog input sig-
nal into time intervals comprising a time encoding
machine equipped with a signal input and a time out-
put characterized in that the analog input signal is
provided to an input (SHin) of the sample-and-hold
circuit (SH) via the signal input (In), and an output
(SHout) of the sample-and-hold circuit (SH) is con-
nected to an input (TEMin) of the time encoding ma-
chine (TEM), wherein an output (TEMout) of the time
encoding machine is connected to the time output
(Out) of the apparatus, and to a control input (SHctr)
of the sample-and-hold circuit (SH).

4. Apparatus as claimed in claim 3 characterized in

that the sample-and-hold circuit (SH) comprises at
least two sample-and-hold modules (MSH).

5. Apparatus as claimed in claim 3 or claim 4 charac-
terized in that an asynchronous Sigma-Delta mod-
ulator acts as the time encoding machine (TEM).

6. Apparatus as claimed in claim 3 or claim 4 charac-
terized in that a Spiking-Neuron circuit acts as the
time encoding machine (TEM).

Patentansprüche

1. Verfahren zur Codierung eines analogen Eingangs-
signals in Form von Zeitintervallen mittels eines Zei-
tintervall-Kodierers, wobei die Länge der am Aus-
gang des Zeitintervall-Kodierers erzeugten Zeitinter-
valle den Wert des analogen Eingangssignals dar-
stellt, gekennzeichnet dadurch, dass während der
Erzeugung eines Zeitintervalls am Eingang des Zei-
tintervall-Kodierers (TEM), mittels eines Abtast-Hal-
te-Gliedes (SH), ein Abtastwert des Eingangssig-
nals, der den Momentanwert des analogen Ein-
gangssignals darstellt, das zum Zeitpunkt der Erzeu-
gung des vorhergehenden Zeitintervalls codiert wur-
de, aufrechterhalten wird, wobei das Ende des am
Ausgang des Zeitintervall-Kodierers (TEM) erzeug-
ten Zeitintervalls ein Signal auslöst, das bewirkt,
dass der nächste Abtastwert des analogen Ein-
gangssignals, der seinen nächsten Momentanwert
darstellt, von dem Abtast-Halte-Glied (SH) aufge-
nommen und gespeichert wird.

2. Verfahren nach Anspruch 1, gekennzeichnet da-
durch, dass während der Erzeugung eines Zeitin-
tervalls ein Abtastwert des Eingangssignals am Ein-
gang des Zeitintervall-Kodierers (TEM) mittels eines
der Kondensatoren (MSH) des Abtast-Halte-Gliedes
(SH) aufrechterhalten wird und gleichzeitig der ak-
tuelle Wert des codierten Analogsignals mittels des
anderen Kondensators (MSH) des Abtast-Halte-
Gliedes (SH) abgetastet wird, und am Ende jeder
Zeitintervallgenerierung die Module (MSH) des Ab-
tast-Halte-Gliedes (SH) zyklisch die Rollen wech-
seln.

3. Vorrichtung zur Codierung eines Analogsignals, der
einen Zeitintervall-Kodierer (TEM) enthält, der mit
einem kodierten Signaleingang und einem Zeitinter-
vall-Ausgang ausgestattet ist, gekennzeichnet da-
durch, dass das analoge Eingangssignal durch den
Eingang (In) zum Eingang (SHin) des Abtast-Hlate-
Gliedes (SH) geführt wird, dessen Ausgang (SHout)
mit dem Eingang (TEMin) des Zeitintervall-Kodierers
(TEM) verbunden ist, während der Ausgang (TE-
Mout) des Zeitintervall-Kodierers (TEM) mit dem
Ausgang (Out) des Zeitintervall-Kodierers und dem
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Steuereingang (SHctr) des Abtast-Halte-Gliedes
(SH) verbunden ist.

4. Vorrichtung nach Anspruch 3, gekennzeichnet da-
durch, dass das Abtast-Halte-Glied (SH) über min-
destens zwei Abtast-Halte-Module (MSH) verfügt.

5. Vorrichtung nach Anspruch 3 oder 4, gekennzeich-
net dadurch, dass ein asynchroner Sigma-Delta-
Modulator als Zeitintervall-Kodierer (TEM) verwen-
det wird.

6. Vorrichtung nach Anspruch 3 oder 4, gekennzeich-
net dadurch, dass das Spiking-Neuron-System als
Zeitintervall-Kodierer (TEM) verwendet wird.

Revendications

1. Procédé de codage d’un signal d’entrée analogique
en intervalles de temps à l’aide d’un codeur d’inter-
valles de temps, où la longueur des intervalles de
temps générés à la sortie du codeur d’intervalles de
temps représente la valeur du signal d’entrée ana-
logique, caractérisé en ce que lors de la génération
de l’intervalle de temps, à l’entrée du codeur d’inter-
valles de temps (TEM) au moyen du système
d’échantillonnage et de mémorisation (SH), un
échantillon du signal d’entrée représentant la valeur
instantanée du signal d’entrée analogique codé au
moment de la génération de l’intervalle de temps pré-
cédent est conservé, où la fin de l’intervalle de temps
généré à la sortie du codeur d’intervalle de temps
(TEM), déclenche un signal qui amène le système
d’échantillonnage et de mémorisation (SH) à pren-
dre et à stocker l’échantillon suivant du signal d’en-
trée analogique représentant sa prochaine valeur
instantanée.

2. Procédé selon la revendication 1, caractérisé en ce
que lors de la génération de l’intervalle de temps, à
l’entrée du codeur d’intervalles de temps (TEM) est
maintenu, en utilisant l’un des condensateurs (MSH)
du système d’échantillonnage et de mémorisation
(SH), un échantillon du signal d’entrée et simultané-
ment est échantillonnée, en utilisant le second des
condensateurs (MSH) du système d’échantillonna-
ge et de mémorisation (SH), la valeur actuelle du
signal analogique codé, et à la fin de la génération
de chaque intervalle de temps, les modules (MSH)
du système d’échantillonnage et de mémorisation
(SH) changent de rôles cycliquement.

3. Appareil de codage d’un signal analogique sous for-
me d’intervalles de temps, comprenant un codeur
d’intervalles de temps (TEM) équipé d’une entrée de
signal codé et d’une sortie d’intervalles de temps,
caractérisé en ce que le signal d’entrée analogique

est envoyé par l’entrée (In) à l’entrée (SHin) du sys-
tème d’échantillonnage et de mémorisation (SH)
dont la sortie (SHout) est connectée à l’entrée (TE-
Min) du codeur d’intervalles de temps (TEM), tandis
que la sortie (TEMout) du codeur d’intervalles de
temps (TEM) est connectée à la sortie (Out) des in-
tervalles de temps du système de codage et à l’en-
trée de commande (SHctr) du système d’échantillon-
nage et de mémorisation (SH).

4. Appareil selon la revendication 3, caractérisé en ce
que, le système d’échantillonnage et de mémorisa-
tion (SH) a au moins deux modules d’échantillonna-
ge et de mémorisation (MSH).

5. Appareil selon la revendication 3 ou 4, caractérisé
en ce que le modulateur asynchrone Sigma-Delta
est utilisé comme codeur d’intervalles de temps
(TEM).

6. Appareil selon la revendication 3 ou 4, caractérisé
en ce que le système Spiking-Neuron est utilisé
comme codeur d’intervalles de temps (TEM).
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