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CONTROL METHOD FOR INTERNAL, 
COMBUSTION ENGINES 

This invention concerns a control method for inter 
nal combustion engines, particularly for car engines. 

It is known that improvements can be made in the 
riding comfort, safety, performance, and pollution con 
trol of motor vehicles by the use of electronic circuits. 
These circuits are used to check and/or to control, the 
operation of certain elements, or to inform the driver 
of the vehicle about the respective conditions of such 
elements. These circuits use techniques which are gen 
erally known in the ?eld of information or industrial 
process computers. 

In vehicles equipped with an electronic control sys— 
tem, the “computer” receives information in various 
forms from sensors which constantly monitor the oper 
ating conditions of the vehicle or of a certain part of the 
vehicle. Starting from this information produced by the 
sensors, one can work out a complex function depend 
ing on the variables sensed by the sensors to control el 
ements of the vehicle or simply to make the value of the 
said function visible or audible to the driver. In either 

case, it is frequently advantageous to use numerical 
(i.e. digital) techniques, which can now be readily pro 
cessed due to the existence of integrated circuits. 
The object of the'invention is to provide a simple sys 

tem for producing information supplied by the sensors 
in numerical, that is in coded digital form and ways to 
transform and utilize this coded information. 
The present invention concerns a control method 

and system for internal combustion engines and is cha 
racterised in that the coded information supplied by the 
sensors measuring physical operating quantities of the 
engine are produced at a certain frequency, the so 
called sampling frequency. The coded information is 
produced in the form of a number of word segments 
comprising a limited number of digits and the means 
valve of several samplings of the word segments is rep 
resentative of the mean value of the corresponding 
physical quantity, since the word segments are grouped 
to form a complete ?rst word. The ?rst word is con 
verted by a programmed memory into a second word 
and the second word is converted by a transformation 
circuit into a function whose mean value is representa 
tive of the mean value of a desired regulating function. 
This regulating function is converted into a control 
quantity for the engine. 
Other characteristics of the invention will become 

apparent from the following description with reference 
to the attached drawings where: 
FIG. 1 shows a schematic diagram of a circuit for 

forming the sampling frequency and the signals at vari 
ous points of the circuit; 
FIG. 2 shows a schematic diagram of a coding circuit 

for a frequency measurement with interpolation and 
displacement'of zero in the case where the sampling 
frequency is lower than the measured frequency; 
FIG. 3 shows a schematic diagram of a coding circuit 

for a frequency measurement to eliminate the strobo 
scopic effect in the case where the sampling frequency 
is of the same order of magnitude as the measured fre 
quency; 
FIG. 4 shows a schematic diagram of a frequency 

measuring circuit for retention of the ?rst numbers of 
the measured quantity; 
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2 
FIG. 5 shows a schematic diagram of a circuit for 

forming a sawtooth signal and its utilization with a com 
parator; 

FIG. 6 shows a schematic diagram of a circuit for 
producing a numerical code in response to a voltage; 
FIG. 7 shows a schematic diagram of a circuit for 

forming a linear function; 
FIG. 8 shows a schematic diagram of a circuit for the 

formation of a linear function from coded information; 
FIG. 9 shows a schematic diagram for forming the 

mean value of a linear function in a numerical form; 
FIG. 10 shows a schematic diagram of a circuit for 

transforming a voltage into a time duration; 
FIG. 11 shows a diagram of the arrangement of a 

speed sensor (11a), of the structure of the sensor 
(1 1b), and (11c) of a circuit, incorporating this sensor, 
for forming a doublefrequency signal; 
FIG. 12 shows a schematic diagram of a circuit for 

forming two signals in the particular case of ignition 
control of the engine; , 

FIG. 13 shows a block diagram of a complete circuit 
for system and method according to the invention; 
FIG. 14 shows a schematic diagram of a circuit for 

numerical counting used for measuring a physical 
quantity by sampling; 
FIG. 15 is a timing diagram of a circuit for converting 

a linear into a non-linear function; 
FIG. 16 shows a curve representing the variation of 

the cyclical ratio in accordance with one embodiment 
of the invention; 
FIG. 17 shows a curve representing the variations of 

the cyclical ratio according to another embodiment of 
the invention; 
FIG. 18 shows a schematic diagram of a simpli?ed 

electronic circuit for the formation of the function rep 
resented in FIG. 3; and 
FIG. 19 shows a diagram of output signals of the cir 

cuit of FIG. 18 for the different values of the cyclical 
ratio. 
Within the framework of the invention, the signal 

supplied by a sensor is translated into a numerical ( digi 
tal) form. The sensors used in‘an automobile or other 
vehicle are of different type and of different nature. 
They translate their measurements in the form of a var 
iation of a measured electric quantity. This information 
can exist directly in numerical digital form, for exam 
ple, the position of an element provided with a digital 
enloder. This type of sensor does not present any par 
ticular problems. ~ 

The information can also be represented by pulses of 
variable frequency called, for example, f,. This is the 
case, for example, in a sensor of the type detecting the 
proximity with regard to a gear provided with teeth. In 
this case we measure, as shown in an example below, 
either the frequency of the pulses or their repetition cy~ 
cle. We will generally choose these among two possibil 
ities, depending on the respective problem and particu 
larly on criteria discussed below. 

If it is necessary, as it frequently happens, to form the 
mean value of an electrical signal to represent the mean 
value of a physical quantity varying about a given posi< 
tion, it is advisable, if the operation is to be representa 
tive, that the response of the sensor be linear. 
The signal of the sensor can also be in the form of a 

voltage. In this case we can proceed by using known 
voltage~frequency converters, for example, to periodi 
cally compare the sensor voltage with a variable (saw 
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tooth) voltage and measure the number of pulses sup 
plied by a clock, while the sensor voltage is lower (or 
higher) than the reference voltage. This is a technique 
which is well] known, for example, for use in electronic 
voltmeters. 

Finally, the sensor can deliver its information the 
form of variations of a resistance, inductance or elec 
tric capacitance. These variations can be easily trans 
formed into variations of voltage or pulse frequency. 
The part of the computer provided for the acquisition , 

of data from the sensors must furnish periodically at a 
given frequency, called the sampling frequency, coded 
information in the form of digits such that the mean 
value determined after a sufficient number of sam 
plings is representative of the mean value of the physi 
cal input quantity to the sensor. 
Referring to FIG. 1,‘ which shows a circuit for con 

trolling the sampling frequency, the quantity or quanti 
ties from the sensors are measured during a time T. The 
time T is obtained, for example, by dividing pulses pro 
duced by a clock circuit H. 
The clock H directs pulses of a frequency l/Tl to a 

divider 1 whose intermediate outputs are represented 
by A1, A2 . . . A,,_1. At the output A,- the frequency of 
the pulses is equal to the clock frequency,‘divided by 
21'. 
By means of the “AND” gates 2, 3 and 5 and of an 

inverter 4 connected to the clock and the divider the 
following quantities are formed at the gate Outputs: 
51: An-1'An—2 - - - A3 ' A2 

S3 = SyAyl-I (A1 is the inverted state of A1). 
The sampling period is, for example, T = 2"‘_‘) T,, 

which is found in the S1, S2 or S, outputs, as indicated 
in the diagram adjoining FIG. 1. 
Measurement of a frequency. 
The measurement of a frequency, produced as previ 

ously described, is simple. It suf?ces to count, for ex 
ample, how many pulses are produced by the quantity 
being measured as expressed by a frequency during the 
time T. 

If we take into account the conditions listed above, 
the problem becomes more complex. I 

In order to facilitate the understanding assume, for 
example, that the frequency of the clock pulses from H 
is 1 mI-Iz (T, = 10-6 seconds). Assume further that we 
have effected a division by 29(n = 10), that is, T = 512 
microseconds (the division by a power of 2 is not oblig 
atory). Finally, assume that a pulse frequency to be 
measured varies between 0.4 and 0.8 MHZ. 

If the method described above is applied, the number 
of pulses counted will be between: 

We ‘realize then that a counter with at least 9 digits 
(29: 512) is required to count the number of pulses re 
ceived with an accuracy of 1 pulse. The counter will al 
ways have to start at at least 204. 

In order to eliminate this inconvenience, a circuit ac 
cording to FIG. 2 is used. Element 2.1 is a NAND gate 
as is 2.5. Element 2.4 is an AND gate while elements 
2.2, 2.3 and 2.6 are binary counters. Element 2.7 is a 
transfer unit, such as a buffer storage registerv which 
can store the count operation of the circuit of vFIG. 2 
as vdescribed as follows. The gate 2.1 forwards, the 
pulses whose frequency f I is to be measured during a 
time T = 2"“"1‘, which; is less than a time “A2 high”, 
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4 
that is, inthe highest example 512 -— 2 X 1 = 510 micro 
seconds. It follows that during .a sampling time, N 
pulses with N between 0.4 X 5. 1X102 = 204 and 0.8 X 
5.1 X 102 = 408 pulses will pass through gate 2.1. 
The counter 2.2 is connected as a divider to divide by 
D so that the number of pulses leaving 2.2 and entering 
counter 2.3 and gate 2.5 is N/D. These pulses are ap 
plied to counter 2.3 and the outputs of certain stages 
of 2.3 are applied to the inputs of AND gate 2.4, so that 
the output of 2.4 is high only when the outputs from 2.3 
appearing at the input of 2.4 are all high, that is, when 
2.3 has counted a certain number of pulses. The output 
of AND 2.4 is applied back to a special input of 2.3, 
which blocks the counter when the certain count is 
reached, and also to gate 2.5. The pulses from counter 
divider 2.2 thus traverse gate 2.5 to counter 2.6, only 
when counter 2.3 has attained the value ?xed by the se 
lection of its outputs which are connected to AND 2.4. 
At the end of the sampling period T, 2.6 marks a 

number NA: 
NA = D/N "r, n, if n is the number selected by the out 
put coding of 2.3 applied to AND 2.4 

Assume, for example, that D = 100 and f,r is 0.4 MHz 
so that N/D = 2.04. 

This indicates that two pulses are produced by 
counter 2.2 during T and that at the end of T counter 
2.2 has counted 4. If we assume that n = 2, this means 

that at the end of T, if all counters were at zero at the 

start, the situation would be as follows: 

number of pulses 204 
counter 2.2 at the end of T 4 
counter 2.3 at the end ofT 2 
counter 2.6 " " " " " 0. 

Let us assume that the cycle starts again after it has 
been effected by S2 (see FIG. 2) applied to the suitable 
inputs of the counters 2.6 and 2.3 from the circuit of 
FIG. 1 during the time S, but without resetting counter 
2.2 to zero. 

At the end of the second sampling we have then: 
2.2 —-> 8 

2.3 -> 2 

2.6 —> 0 . 

At the end of three samplings we have 

2.6 --> O 

and so forth, at the end of 25 samplings we have: 
2.2 -+ 0 

2.3 —w 2 

2.6 —» 1 

This means that the device of FIG. 2 performs two 

operations: 
1. it interpolates the values 
2. it eliminates the numbers below a cutain value, and 

if we want, it displaces the Zero value of the input 
pulses. 

In other words, the circuit of FIG. 2 is suitable to pro 
duce an output count of 0 for N less than 200, an out 
put count of l for N = 300, . . . an output count of 4 

for N‘: 700. 
If a value of N is between 200 and 300, 204 for exam 

ple, the output counter 2.6 marks for (x + y) samplings, 
x times 0 and y times 1, so that 
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that is, the interpolation is effected simply by the fre 
quency of two numbers surrounding the value of N, so 
that the numerical value is equal to the coded value 
which would have to be attributed to N. 
Buffer 2.7 receives signal S, from the circuit of FIG. 

1 and under the order from S3 transfers in each cycle 
the value received at its inputs to its outputs for further 
use. The circuit of FIG. 2 permits the elimination of 
useless numbers (saving of digits) and also the interpo 
lation between values, provided the frequency of f, is 
high relative to the sampling frequency. If the latter is 
not the case, the circuit of FIG. 3 is used. 
The circuit of FIG. 3 can perform operation similar 

to those of the circuit of FIG. 2, but on the theory that 
the frequency f‘. to be measured is not very high com 
pared to the sampling frequency. The problem is then 
that in order to know the value of the frequency fr, it 
suf?ces in principle to count the pulses during a suffi 
cient period of time to obtain the desired accuracy. In 
the case of a computer for vehicles, it is desirable to 
know at a relatively high frequency the values close to 
the frequency to be measured so as to be able to ex 
press it by a number counting a few digits. The mea 
surements are made so that the mean value of the dis 
played values is equal to the measured value. Taking 
into account these conditions, we can accept, as in the 
case of the circuit of FIG. 2, a period for resetting to 
or holding at zero during which there is no counting. In 
fact, there is a risk of ending up with a wrong result, 
due to the “stroboscopic effect.” If the frequency to be 
measured, is, for example, equal to 4 times the sam 
pling frequency, the counter will have an output count 
of 3 or 4, depending on the relative phase of the sam 
pling scale and of the pulses of f,. A solution consists 
in counting the pulses f ,. constantly. 
The operation of the circuit of FIG. 3 is described be 

low. The pulse at the start of the sampling (5,) is ap 
plied to one of the inputs of a ?ip-?op circuit (RS type) 
3.1, which has the effect of bringing the output of 3.1 
connected to one of the inputs of an AND gate 3.6 to 
the high level. This also has the result that the comple 
mentary output of 3.1, connected to an input of an 
AND gate 3.5, is brought at the same time to the low 
level. The pulses f, arrive at the other inputs of gates 
3.5 and 3.6. This has the result that when 3.1 ?ips into 
“operating” position at the start of the appearance of 
S,, the f, pulses can pass through gate 3.6 in this condi 
tion, while they are blocked from passing through gate 
3.5. The appearance of a pulse f, is thus transmitted to 
a ?ip-?op (RS type) 3.3 through gate 3.6 and changes 
this ?ip-?op circuit into the operating state. The output 
of ?ip-?op 3.3 connected to one of the input of an 
AND gate 3.4 goes high. __ 
To the other input of gate 3.4 is applied S, (S in 

verted) by an inverter 3.2, so that the output of gate 3.4 
goes high when: _ 

a. its input connected to 3.3 is high, that is, when the 
pulse f_r from gate 3.6 has been counted and 

b. its input connected toS, is high, that is, during the 
“dead” time of S,. 

The output of gate 3.4 is connected to the zero reset 
inputs of ?ip-?ops 3.1 and 3.3 to cause the ?ipping 
back of 3.3 and 3.1 to the opposite states this causes 

5 

15 

25 

30 

35 

45 

65 

6 
the opening of the gate 3.5 and closing of gate 3.6. A 
counter 3.7, AND gates 3.8 and 3.9, counter 3.10 and 
buffer 3.11; are elements respectively corresponding to 
2.3, 2.4, 2.5, 2.6 and 2.7 of FIG. 2 with the same func 
tions, (elimination of the pulse count below a selected 
number) of counting and resetting to zero (by S2), and 
data transfer (by 8,). By a suitable arrangement of in 
puts and polarities, the circuit elements of FIG. 3 can 
be so arranged that the ?ipping of 3.3 is counted or not. 
If it is not counted, we obtain directly the elimination 
of the ?rst number. The counting by the circuit of FIG. 
3 is permanent, the counting element is generally 3.10. 
During the dead time of S,, or "8-,, and until the ?rst f, 
pulse following the start of 8,, the counting element (of 
1) consists of 3.3 (and 3.1). This presupposes naturally 
that the time when S, is high is smaller than the mini 
mum period of f1, which is practically always the case 
(low frequency of f_,.). In the opposite case, we can re 
place 3.3 by AND gate 3.9 and count several pulses be 
fore “opening” the principal counter 3.10. 
FIG. 4 shows a circuit which is simpler than that of 

FIG. 3 and which performs a similar function. A ?ip 
?op circuit 4.1 (RS type) receives at its “working” 
input the signal S, which makes the output connected 
to an AND gate 4.2 go high and the output connected 
to an AND gate 4.7 go low. This has the result that the 
pulses f, can pass gate 4.2 and not 4.7. Element 4.3 is 
a counter similar to 2.3 and blocks the ?rst pulses 
below a selected number. When, after the start of sam 
pling, a number of pulses equal to that selected and 
coded by counter 4.3 and an AND gate 4.4 (as ex 
plained for elements 2.3, 2.4 in FIG. 2) has traversed 
gate 4.2, the output gate of 4.4 goes high. This has the 
effect of returning ?ip-?op 4.1 into its rest condition 
and consequently of blocking gate 4.2 and opening gate 
4.7. The counting is continued then by a counter 4.5 
which has been reset during S, to zero by signal S2. The 
count of 4.5 is transferred to a buffer 4.6 and it is out 
putted from 4.6 by the 8;, signal. 

Measurement of a voltage 
The measurement of a voltage from a sensor is ef 

fected by counting pulses during a given time, such as 
the linear portion of a sawtooth wave. A circuit for ac~ 
complishing this is represented in FIG. 5. 
The signal S, is applied to the base of a transistor 5.6 

to discharge a capacitor 5.2 which is connected be 
tween the transistor collector and its emitter. Capacitor 
5.2 is recharged through a resistor 5.5 and is connected 
across the inverted input (—) and the output terminal 
of an operational ampli?er 5.1. The non-inverting input 
(+) of the ampli?er is biased by a voltage divider 5.3, 
5.4. This well-known circuit produces a highly linear 
sawtooth at the output of 5.1. 
The sawtooth voltage is compared by a comparator 

5.7 with the amplitude of the voltage to be measured. 
The output of 5.7 is low, while the sawtooth voltage is 
higher in amplitude than the voltage to be measured, 
and the output is high in the opposite case. 

If the sawtooth voltage is designated by V,,, then Va 
is translated from the end of the S, by the expression 
Vd : Van _ kt 

where Vdo and k depend on 5.3, 5.4 and 5.5. 
The ?ipping time of comparator 5.7 is such that 
v.1‘ : V110 _ kT, 

where 
Te : (V110 —' 
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The measuring time is, for example, the sampling 
time minus S, and Te, hence in the case described 
above, ' 

2‘"_"T, —— 2T, -— T,. = A + BVI 

where A and B are constants. 
The circuit of FIG. 6 is similar to that of FIG. 2 and 

shows the measuring arrangement. The output of com 
parator 5.7 is applied to an AND gate 6.1. When the 
output of comparator 5.7 is high (after flipping of the 
comparator) and S, is low, §I being applied to AND 
gate 6.1, the gate 6.1 forwards the clock pulses H to a 
counter 6.2. The pulses are counted by 6.2, which re 
duces the number (interpolation or division) and trans 
mits them to another counter 6.3 which is programmed 
by a gate 6.5, as explained above, for 2.4 for the elimi— 
nation of the pulse count below a certain number. This 
permits, once the certain number is reached a counter 
6.7 to count the pulses transmitted by 6.2 when a gate 
6.4 has become conditioned to pass signals by counter 
6.3 and gate 6.5. At the end of the cycle (S, high), the 
counting is stopped since 6.1 is closed. S2 resets count 
ers 6.3 and 6.7 to zero. S8 ensures the transfer of data 
from the buffer register 6.8. Counter 6.2 is not reset to 
zero for the reasons indicated above. 

Decoding - utilization. 
With the means indicated above we can transform 

the signals supplied by one or more physical quantity 
sensors into one or several numbers, which generally 
vary with each sampling, so that the mean value repre 
sents the value ,of the measured physicalv quantity. As 
a result, each quantity is expressed at the end of each 
sampling by a binary number which comprises, as re 
quired, a given number of digits. 
To facilitate the understanding of the invention, as 

sume that we want to form a regulating function de 
pending on four variables L M N 4). Assume that the 
quantity L is expressed by 3 binary bits '(8 possible 
numbers), the quantity M by 4 bits (16 possible num— 
ber), M by 2 bits (4 possible numbers) and d) by 1 bit 
(2 possible numbers). This means that the result of the 
sampling can be written in the form of a binary number 
with (3 +4+2+ l)= lObits, or 

L1 L2 L3 M1 M2 M3 M4 N1 N2 ‘1) 
where the values L, M, N, d) are 0 or 1. The ?rst word 
segment consists of L, L2 L3, the second word segment 
of M, M2 Ms M,, the third word segment of N, N2 and 
the fourth of ab. ' 
O l 1 1 O O 1 l O 1 means that for this “word” we 
have the variable L with a numerical value of 3. 
have the variable M with a numerical value 9 
have the variable N with a numerical value 2 
have the variable (i) with a numerical value ‘1 
The total number of “possible” words is 8 X 16 X 4 

X 2 = 1,024 = (21°). 

According to a well-known technique of pro 
grammed memories, we can associate with each of 
these 1,024 words a number which is representative of 
the value which we want to give the function of L M N 
d), at the “point” under consideration. The word point 
is here understood in a broad sense, because we are evi 
dently not dealing here with a geometric point, since it 
has ?ve dimensions. 

In the course of the sampling the word varies if each 
quantity does not correspond exactly to a ‘,‘?xed value” 
of L M N Q5, which corresponds to the interpolation 
function explained above. It follows that the associated 
value varies likewise since its mean value is equal to the 
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8 
mean value of the linear form as a function of L M N 
<1) passing through ?xed points. 
To facilitate the understanding, we assume that L is 

between L, and L,-+,, M between M,- and M,-,,, N be 
tween N,, and NM“, and d) between (1), and (152. 

If we designate with 2,, the quantity 

L. 
t1+| '_ t! 

and designate 

then the weight of the quantity F,-_ j, k, 1 associated with 
Li, M,, Nk and ¢>2 is: 

That OfFi+11 1+1, k+1i 1+1 is (EL'ZM'EN‘E )- That of Fi+l, 
j, k+,_ , as 2,, (PEN) 214 1-2,) and so forth. 
The mean point of the function F, an associated func 

tion, is the barycenter of these points having the indi 
cated loads. 
These numbers F are expressed by a binary code 

comprising the digits de?ned by the accuracy to be ob 
tained, namely, X,, X2 . . . XI. Iffis the selected number 
of digits, X, is the highest load digit,'and X, the lowest 
load digit. 

Decoding 
The formation of a linear voltage is described. We as 

sume that f is less than (n-l ), the number of pulse train 
outputs of the divider 1 of the circuit of FIG. 1. If this 
is not the case, we can always add one or more ele 

ments to the circuit of FIG. 1, and use only (n-l) to 
form the sampling time indicated above. 
We form the quantity: _ 

In the course of a sampling, the value of the cyclical 
ratio high/(high + low) of this function is representa 
tive of F and independent of the frequency. 
To facilitate the understanding, We assume that we 

have 

In the course of a sampling period the quantity is: 
a, = A} is 256 times high and 256 times low 
a2 = A, ‘K2 is 128 times high while a, is low 
a3: A, A2 is 64 times high, while a, and a2 are low 
a, = A, A2 A3 1?, is 32 times high, while a,, a2, and as 

are low 

a5 = A, A2 A3 A, is 16 times high, while a,, a2, a3 
and a, are low 

a, = A1 A2 A3 A, A5 A’, is 8 times high while a,, a2, 
a3, a, and a,, are low ___ 

a7 = A, A2 A3 A, A5 A6 A7 is 4 times high while a, 
through a,, are low __ 

a,, = A, A2 A3 A, A5 A6 A7 A8 = 2 times high while 
a, through a, are low 

It'follows that the ratio of the high signal to the total 
sampling time of S is ' 
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We can thus write R8 =( 2F/5 12). This means that the 
value of sampled F is expressed 2 times per sampling 
time T. If we had on the other handf= n-l, a single 
exploration would correspond to each sampling. 
Since we are dealing here with a cyclical ratio, this 

value is independent of the clock frequency and of the 
sampling frequency. 

FIG. 7 shows the circuit of a decoder. The circuit, 
uses by way of example, only the NAND gates. The ?rst 
gate forms the quantity: A17, =3, _ 
The second gate forms the quantity: A1 A2 X2 = a2. 

I“ 

5 

The 8th gate forms the quantity: A1 A2 . . . A8 X8 = E. - 

The ?nal gate formszm = a|+a2 + . . . as = S. 

In order to obtain an analagous voltage representation 
of F, it suf?ces therefore to place at the output of S a 
?lter (passive or active) of the RC-type. 
Other method of forming-the voltage. FIG. 8. 
Another example of a decoding circuit for forming a 

voltage from the code recorded in a memory is shown 
in FIG. 8. To facilitate the understanding of the forego— 
ing considerations, we assume that the problem con 
sists here too in expressing in the form of a voltage the 
means value ofa regulating hypersurface depending on 
4 parameters L M N qb, translated at each moment by 
a code with several digits X,-. By any or several of the 
methods described above for sampling information, we 
direct at each moment numbers L M N (1) to the inputs 
of a programmed memory 8.1. The system can be ar 
ranged without a “latches” circuit, or buffer, such as 
2.7, 3.11, 4.6 or 6.8, between a number representative 
of the measuring state of one of the quantities and the 
memory. 

To show this method of forming the circuit, there is 
represented in FIG. 8(b) an arrangement, assuming for 
example, that the translated quantity L is measured by 
means of a circuit, such as that of FIG. 6. The quantity 
M by a circuit such as that of FIG. 4, the quantity N by 
a circuit such as that of FIG. 3 and the quantity d> by 
a circuit such as that of FIG. 2. This choice is simply 
made by way of illustration. Also assume that the 
counting capacity of these circuits has been necessarily 
limited by the choice of the counters. 

Blocks 6.7, 4.5, 3.10 and 2.6 represent the circuit el 
ements of FIGS. 6, 4, 3 and 2 respectively from which 
the connections are made to the programmed memory 
8.1. This means that these elements have been con 
nected directly to 8.1, eliminating the buffers 6.8, 4.6, 
3.11 and 2.7 respectively. 

In this arrangement the bits Ll change continually 
during sampling at the inputs 8.1.10 to 8.1.19 of the 
programmed memory 8.1. This produces variations at 
the outputs X,- of the memory 8.1, called the “code 
gate”. In fact, the outputs X, of 8.1 are connected to 
the inputs of a preselection counter 8.2. The outputs of 
this counter are connected to a NAND gate 8.3. The 

counter 8.2 also receives a transfer signal at another of 
its input, called the “charge input” 8.9, with each pulse 
at the end of the sampling, such as signal S3 described 
above. When all the inputs of gate 8.3 are “high”, the 
output at 8.7 is low, which has the result that the clock 
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10 
pulses H applied to the input 8.5 of a NAND gate 8.4 

l 

256 X" 

can arrive at the counting input 8.8 of 8.2. The second 
input 8.6 of 8.4 is low in this case and the output of 8.4 
is therefore always high. On the other hand, if at least 
one of the outputs of 8.2 is low, the output of 8.7 is high 
and consequently 8.4 forwards the clock pulses H to 
8.8 and the counter 8.2 can count. 
The method of operation of the circuit of FIG. 8 is 

described as follows. When the brief transfer pulse 8;, 
is applied to 8.9, the counter 8.2 “is charged” to a num 
ber n, such as: 

This represents exactly the value of the sampling at the 
time of measurement. 
Assume that the counter 8.2 has 8 digits and that its 

counting capacity ranges therefore from O to 255. It 
follows therefore that 8.7 is high, except when n = 255. 
Consequently, the pulses H arrive generally over 8.4 
(unblocked) at 8.8. As soon as S3 stops, the counter 8.2 
counts starting from n: (n + l), (n + 2) . . . When it at 

tains 255, all outputs are high, 8.4 is blocked, 8.7 goes 
low and the counter remains in the state 255 up to the 
next impulse S3. Assume also that the repetition period 
of S3 in n,.H, that is equal to n‘. times the clock period 
H, which period is simply obtained by dividing the 
clock frequency by n‘. by means of a well-known de 
vice. Also assume that S_», has a duration equal to nTH, 
that is n1 times the clock period. The output 8.7 is then 
high during a time I”, where 

2,, = nTI-I + (255—n)l-l, 
or more generally, I” = nTH + (255—n)—H. If N is the 
capacity of 8.2, the ratio I” divided by the repetition 
frequency of the phenomenon is thus: 

n, 

It follows that the simple ?ltering of the output 8.7 of 
8.3 yields a voltage which is a linear ?inction of n and, 
consequently, that its mean value is equal to the mean 
value of the desired regulation. 
Formation of the numerical mean. 
Referring to FIG. 9, the following is the procedure to 

obtain the mean value of the function F in numerical 
form. The clock pulses that exist while S (FIG. 7) is 
high are counted for a certain number of samplings, for 
example, for 2”, and we use for the representation of 
the value of F only the number of pulses divided by 2". 
That is, we use only the (b + 1 ) ?rst digits of the 
counter. 

The ‘pulses Sl of the divider of FIG. 1 are directed to 
a divider 9.1 which divides by 2" (FIG. 9) which brings 
the output of a NAND coding gate 9.2 inverted by in 
verter 9.3 to the high level when it has received 2" 
pulses (or another code). 
This inverted output from inverter 9.3 is applied to 

one of the inputs of each of NAND gates 9.4, 9.5, 9.6. 
To the gate 9.4 is applied at a second input the signal 
5, so that a low pulse of duration S1 appears at its out 
put for all 2" samplings. This low pulse is applied to one 
of the inputs of a NAND gate 9.7, which also receives 
the clock pulses H and the signal S of FIG. 7. 
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It follows that H is present at the output of 9.7 if Sv is 
high (decoding) and if the output of 9.4 is high. Gate 
9.7 is blocked for a duration 8,, for all 2" samplings. 
The transmitted pulses are counted by the counter 9.8 
which divides their number by 2" and transmits a signal 
to a counter 9.10 once every 2” pulses. 

It follows that the counter 9.8 marks a number N 
from a zero at the start of a cycle after 2” samplings 

The gates 9.5 and 9.6 permit, according to an already 
described connection, the conditioning of 9.8 and 9.10 
at each mean cycle by S2 and 9.5 and the transfer of 
data from the buffer register 9.1 1 by gate 9.6 and signal 
S3. 
Transformation of the voltage (or code) into a dura— 
tion. 

It can happen that we want to transform the signal S 
of FIG. 7 coded by modulating the cyclical ratio into a 
time duration, which is, the time of the fuel injection, 
for example. A circuit for accomplishing this is shown 
in FIG. 10. 
To the base of a transistor 10.1 is applied a positive 

release signal (connected, for example, to the fuel in 
jection release control mechanism), which makes tran‘ 
sistor, 10.1 conductive to discharge a capacitor 10.5 
through a current limiting resistor 10.4, to the emitter 
potential of 10.1. The emitter potential ?xed by the 
voltage divider 10.15, 10.14 is stabilized by a capacitor 
10.16. 
The discharge of capacitor 10.5 reduces the voltage 

at the non-inverting input (—) of an ampli?er 10.6 and 
the output signal of 10.6 increases. This signal is ap 
plied to one of the inputs of a NAND gate 10.9, which 
receives at its other input the release signal inverted by 
an inverter 10.17 so that, though the output of 10.6 is 
high, the output of NAND 10.9 is high up to the end of 
the release signal, which thus does not have to be accu 
rate in duration. At the end of this signal the output of 
NAND-gate 10.9 becomes low until the output of am 
pli?er 10.6 goes low. 
The foregoing is the case when the voltage of 10.5 is 

higher than the voltage applied to the non-inverting 
input (+) of 10.6 from a transistor 10.2. The latter volt 
age is obtained by an RC ?lter 10.12, 10.11, connected 
to the collector of 10.2, which receives at its base the 
signal S of FIG. 7. 
The response of the circuit of FIG. 10 is exponential. 

That is, for a given variation of V according to the ab 
solute value of the latter, the variation of the time is dif 
ferent. This is frequently of interest for an injection cir 
cuit, for example, but it is evident that the response can 
be linearized by replacing 10.3 by a constant current 
generator. 
Transformation into angles. 
It can happen that we want to transform the signal S 
into an angle. This is obtained easily by a circuit similar 
to FIG. 10, except that the resistance 10.3 is replaced 
by a generator which furnishes _ a certain amount of 

voltage each time an angular mark is counted. To facili 
tate the understanding of this arrangement, we will 
show in detail how these signals are formedin a speci?c 
and rather complex case, from which simple cases can 
then be deduced. The selected problem is given below. 

It is desired to deliver a signal twice per revolution of 
a motor, for example, signals whichvwill be substantially 
in diametral opposition, but with an angular position. 
These signals are a multi-dimensional function of sev 
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12 
eral parameters and are to be delivered, for example, 
over two different paths. This would be the case, for ex 
ample, in an ignition system for four-cylinder engines 
without distributor, each signal releasing the ignition in 
two cylinders controlled simultaneously by the same 
coil. 
The angles can be marked, for example, by counting 

the teeth of the starting gear of the motor. To this end, 
as indicated in FIG. 11(a), a sensor is placed opposite 
said teeth. This sensor can be of any type, optical, with 
a blocking oscillator, electromagnetic, etc. The gear 
1 1.1 carries a toothed starting ring 1 1.2 opposite which 
is placed a proximity sensor 1 1.3 which delivers signals 
at its output 1 1.4. Also provided is a hole or a slot 1 1.5, 
which can be sensed by a sensor 1 1.6, called a synchro 
nization sensor, which delivers a signal once per revolu 
tion. The slot 11.5 is put in place before the mechanical 
balancing of the wheel. 

In the case under consideration, an operation is to be 
effected every half revolution of the engine. The num 
ber of teeth 11.2 of a starting device is, in general, a 
prime number and hence non-divisible by two. It is con 
venient to ?rst obtain a double frequency, that is a sig 
nal each time an angle equal to half the angle of succes 
sive teeth is traversed. To this end an evident solution, 
not shown here, consists in placing two sensors, such as 
11.3, displaced relative to each other by (n+l/2)a. 
Here, a is the angle which separates two consecutive 
teeth and n is any integral number. The outputs of the 
two sensors, after adaptation of the impedance if neces 
sary, are coupled to an OR gate, and at the output of 
this gate appears the signal with the desired frequency. 
The same method can be used to obtain a signal with 

a frequency k times higher than that which is naturally 
produced by the teeth by displacing k sensors, such as 
the sensor 11.3, relative to each other by angles (n, + 
(i-1)/k)a, with i=- l,2,3 . . . (k—1 ). The ?rst sensor is 

numbered zero and taken as the origin of the displace 
ments. This permits obtaining a resolving power which 
is'k times more accurate than the natural frequency 
produced by the teeth. 

In the particular case of the selected example, where 
k = 2, we can obtain a satisfactory solution with a single 

sensor, such as 11.3, by selecting a sensor of the mag 
netic type with variable reluctance. This sensor, shown 
in FIG. 11(1)), comprises a magnetic armature 1 1.8 car 
rying a double-ended pole piece spaced in an interval 
equal to that of two consecutive teeth of the wheel. A 
coil 11.9 is placed around the pole piece and one end 
is connected, for example, to ground, while the other 
end 11.4 is free. 
The sensor of FIG. 11(b) is inserted into the elec 

tronic circuit shown in FIG. 11(0). The coil 11.9 is sup- . 
plied current through a resistance 11.10 connected to 
the positive voltage terminal of the installation. The 
passage of the teeth of 11.2 of the gear produces varia 
tions of voltage at the coil 1 1.9. The voltage produced 
varies in correspondence substantially as the minimum 
and the maximum reluctance condistions of the sensor 
11.3, that is, substantially when the teeth face each 
other and when the teethare in maximum angular 
phase'displacement. This undulating voltage is trans 
mitted directly through a resistor 11.11 to one of the 
inputs of a sum-and-difference ampli?er 11.15. The 
mean, or average, value of this voltage is applied to the 
other input through a resistor 11.14, this value being 
obtained by an RC ?lter consisting of a resistor 11.2 
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and the capacitor 11.13. The ampli?er 11.15 passes 
then from a high state, for example, to the low state, 
when the teeth oppose each other, and from the low 
state to the high state when the teeth are in maximum 
phase displacement. 
The change in state of 11.15 from low to high is de 

rived by an RC circuit 11.20, 11.26 and is transmitted 
over a diode 11.24 to the base of a transistor 11.28 
which is normally blocked by the voltage across a resis 
tor 11.27. A resistor 1 1.21 permits the discharge of ca 
pacitor 1 1.20 when the output 1 1.16 of ampli?er 1 1.15 
is low. It follows that a short duration low signal is pro 
duced at the collector of transistor 11.28 with each 
change of voltage from low to high at 11.16. 
The signal at 11.16 is inverted by a transistor 11.19 

applied to its base by resistor 11.17. The signal at 11.16 
produced at the collector of 11.19, which is supplied 
voltage by a resistor 11.18, goes positive each time 
11.16 passes from high to low. This signal is used like 
the direct signal of 11.16, that is, it is derived by an RC 
circuit 11.29 and applied by a diode 11.23 and a resis 
tor 11.25 to the base of a transistor 11.28. The resistor 
11.22 serves to discharge capacitor 11.29, while 11.16 
is high. It follows that a short duration low signal is pro 
duced when 11.16 passes from high to low. Finally 
there is produced on the collector of transistor 11.28 
a signal with double the frequency of the natural fre 
quency, which is the objective to be achieved. 
FIG. 12 shows how the preceding information is used 

to solve the problem in question. The double frequency 
pulses formed as in FIG. 11 are applied to the input 
12.1 of the circuit shown while the synchronization 
pulses (assumed negative and of an angular width of 
less than 0/2) from sensor 1 1.6 are applied to the input 
12.6 of the same circuit. Element 12.2 is a counter with 
p digits with a counting capacity of (21’ — 1), when (21’ 
— l) is greater than 211, where v designates the number 
of teeth 11.2. 
Element 12.3 is a gate type circuit which delivers to 

its output 12.41 a negative (low) signal when the out 
puts of the counter 12.2 pass through a number repre 
senting a number predetermined by the internal con 
nections of 12.3. Element 12.4 is similar. 
Element 12.3 is coded for a number equal to 211. If A 

is the signal produced by 12.3 at 12.41 and B that ap 
plied to a gate 12.5 by the synchronization sensor 1 1.6, 
a signal C is present at the output of a gate 12.5, where: 
C=K§=K+E 

It follows that signal C becomes high, whether A or B 
or both become low. This high signal applied to the 
proper input of counter 12.2 ensures its resetting to 
zero. 

Since the frequency of B after one revolution of the 
motor, that is, 211 pulses to 12.1, is the same as that of 
A (12.3 wired for 21/) the resetting of 12.2 to zero after 
at most one revolution of the motor is such at any time 
that the number appearing at the output of 12.2 is 
equal to twice the number of teeth passed by after the 
passage through the position of the slot or hole 11.5 of 
FIG. 11(a) in front of the sensor 11.6. The output 11.7 
of sensor 11.6 is connected to 12.6 as mentioned 
above. ' 

The signal A is negative and extremely brief, since it 
causes the resetting of 12.2 to zero and thereby causes 
its own disappearance over the element 12.3. This neg 
ative signal ?ips an RS type ?ip-?op circuit consisting 
of the NAND gates 12.8 and 12.9, this ?ipping brings 
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14 
the level of 12.8 high. At the ?rst pulse following the 
resetting to zero of counter 12.2, the output of its least 
signi?cant bit (2°) passes from low to high. This signal 
(2°) is applied to an inverter 12.7 which is connected 
to the second input of NAND 12.9 and causes the ?ip 
?op circuit RS to ?ip back. It follows that at each revo 
lution of the motor, starting from the angular position 
of resetting to zero, if we take it as the origin, the out 
put 12.8 moves to high during an angle equal to a/2. 
The device 12.4, similar to 12.3, is coded to a value 

equal to v, which has the result that after u impulses, 
after the resetting to zero, its output moves down and 
remains there, until 12.2 counts (11 + 1), that is, during 
an angular development equal to 04/2. This signal is in 
verted by the inverter 12.12. 
This inverted signal and the signal issuing from 12.8, 

formed as described above, are applied over diodes 
12.13 and 12.14 to the base of a transistor 12.15 so that 
the latter is made conductive from the position 0 to the 
position a/2 and from the position 180° to the position 
(180° + 04/2). This has the effect of discharging a ca 
pacitor 12.28 substantially to the potential of the emit 
ter of 12.15, a potential formed by a divider 12.21, 
12.20 stabilized by a capacitor 12.19. 
To a 12.18 of the transistor 12.17 are applied over a 

resistor 12l18 from terminal 12.16 rectangular signals 
whose cyclical ratio is representative of the regulation, 
for example, those originating from the output 8.7 of 
8.3 of FIG. 8(a). 
This transistor is applied voltage at its collector by a 

resistor 12.22 connected to the positive terminal of the 
circuit. An RC ?lter 12.23, 12.14 supplies the output 
of 12.17 through a resistor 12.25 to the non-inverting 
input of an operational ampli?er 12.35. The output 
voltage of 12.17 has a value between the circuit supply 
voltage applied by a resistor 12.22 and the voltage ap 
plied to the emitter of 12.17 from transistor 12.15 and 
is representative of the mean cyclical value of the sig 
nals applied at 12.16. 
The discharge of capacitor 12.28 causes, as men 

tioned above, the downward passage of the inverted 
input (—) of ampli?er 12.35 and consequently the up 
ward passage of its output. This state remains as long 
as 12.15 is conductive, that is, during an angle 01/2. The 
capacitor 12.28 is then recharged intermittently in the 
following manner. With each impulse arriving at 12.1 
a monostable circuit 12.36 is triggered (represented 
here as an integrated circuit, which is known). The neg 
ative pulses of ?xed duration delivered by it are applied 
over a resistor 12.37 to the base of a transistor 12.34. 

During these pulses transistor 12.34 is thus blocked, 
permitting the application to the base of a transistor 
12.30 of the high output voltge of ampli?er 12.35 over 
a voltage divider 12.32, 12.33. It follows that, as long 
as the output of ampli?er 12.35 is high, and only during 
this time, negative pulses of a duration equal to that of 
the pules of the monostable circuit 12.36 are applied ‘ 
over a resistor 12.31 to the base of a transistor 12.29, 
making it conductive by these pulses and charging ca 
pacitor 12.28. It follows that from the start of the mo 
ment when 12.15 is non-conductive, the voltage ap 
plied over 12.37 to the inverted input of 12.35 rises in 
termittently. When this voltage becomes equal to that 
applied to the noninverted input, ampli?er 12.35 
switches back. 
This switching thus produces a number nR of im 

pulses arriving at 12.1., after the end of the conduction. 












