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This invention relates to a multispeed analogue~todigi 
tal converter for converting a mechanical movement to a 
digital code, and more particularly to such a converter 
having a self-correcting feature for producing a correct 
output code irrespective of backlash or play in the link 
ages of the multispeedsystem. 
A common method of converting the angle of a rotat 

able shaft to a digital code, for example, is to connect a 
digitally coded wheel to the shaft and provide means for 
reading off the character of the code at a fixed position 
with respect to the rotatable wheel. It has been found 
impractical to use the pattern of the conventional binary 
code on the wheel because the transfer between successive 
characters on the code wheel requires simultaneously mak 
ing and breaking of a number of contacts, or other sens 
ing means, and because it is physically impossible to ex 
actly align the contact members, a character entirely dif 
ferent from that of the desired code may be transmitted 
during transfer from one digit to the next. To overcome 
this difficulty, the Gray code has been used on the code 
wheel. This is a cyclic or-unit-distance binary code where 
in each character of the code differs from the preceding 
and succeeding characters by a change in only one digit 
position. This eliminates the possibility of error due to 
minor misalignment of the contacting members, but in 
order to obtain appreciable resolution with the Gray code 
a multispeed system must be used. Because of backlash 
and play in the linkages of the multispeed system, how 
ever, alignment errors may arise because a higher speed 
code wheel in the linkage may transfer from one charac 
ter to the next higher or lower character before or after 
one of the lower speed code wheels makes acorrespond 
ing transfer from one character to the next. 

It therefore is an object of this invention to provide a 
multispeed analogue-to-digital converter which overcomes 
the above-mentioned difficulty. 
Another object of this invention is to provide a self 

correcting multispeed analogue-to-digital converter for 
providing a correctly coded digital signal irrespective of 
non-synchronous operation of the code wheels in the 
system. 
A further object of this invention is to provide a mult-i 

speed analogue-to-digital converter for providing an un 
ambiguous coded output signal representing the position 
of a mechanical member. 

In describing the present invention, consideration first 
will be given to the unique code which I employ on each 
code wheel of the multispeed system. The basic code con 
sists of ten characters of four binary digits each. These 
ten characters represent the ten decimal digits of a coded 
binary notation. In order to aid in determining when the 
code pattern on a wheel has changed from one character 
to the next higher or lower character during rotation of 
the wheel, each character is represented in the code pat 
tern on the wheel by two sub-characters which represent 
kthe lower half and upper half of the value of the charac 
ter. The sub-characters have an additional binary digit 
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2 
added to the four digits of the basic code, and the code, 
both before and after adding this additional digit, is cyclic 
or unit-distance in nature, that is, each sub-character dif 
fers from the adjacent characters by a change in only one 
digit position. The code is set forth below, wherein rows 
1-4 constitute the basic code and row 5 contains the added 
digit of each sub-character. 
00 0o 00 00 00 11 11 11 11 
11 11 0o 00 11 
oo 11 11 11 00 o0 00 
00 00 0o 11 11 11 11 11 00 o0 00 00 
01 10 01 10 o1 1o 01 1o 10 o1 1o 01 

0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 0E 
234567890123456? 

It may be seen from the code that the added digits in the 
iifth row alternate in binary value and are arranged s0 
that the sum of the flve digits of the sub-characters repre 
senting the lower half of each character is odd and the sum 
of the digits of the sub-characters representing the upper 
half of each character is even. It also may be seen that 
the change between characters from a lower value to a 
higher value is accompanied by a change of the sum of the 
corresponding coded binary digits from even to odd. This 
change in the sum of the digits from even to odd occurs 
only when the code changes to the next higher character, 
and both these events necessarily occur simultaneously. 
Another feature of this code, the importance of which will 
become evident from the discussion below, is that the 
binary digits in rows 3 and 4 form a binary pair having 
the value 0, 0 for the characters 0 through 2, the value 
l, 0 for the characters 3 and 4, the value l, 1 for charac 
ters 5 through 7 and O, 1 for characters 8 and 9. It will 
be seen that the combinations of these binary pairs for 
the characters 0, 1 and 8, 9 are unique because these same 
combinations do not appear in the 3 and 4 digit positions 
throughout the remainder of the code. Therefore, these 
unique combinations are restricted to the position on the 
code wheel immediately adjacent where the code pattern 
repeats, and may be used to aid in determining when the 
characters in the code pattern on the wheel have changed 
from 9 to 0, or vice-versa. 
The invention will be further described by referring to 

the accompanying drawings wherein: 
FIG. l is a linear representation of a portion of the 

pattern of the code set forth in the above table; 
FIG. 2 is a simplified diagram, partially in block form, 

illustrating. the converter of this invention; and 
FIG. 3 is a simplified diagram, partially in block form, 

illustrating in more detail the error correcting portion of 
the converter. 
FIG. l is a simplified representation of a portion of the 

code pattern on the tens code wheel showing the code pat 
tern from approximately 40 through 70‘. F or simplicity, 
this representation is linear. Its adaptation to a flat disc 
shaped code wheel is obvious. The shaded portion of the 
pattern may be conductive material and the remainder 
may be an insulating material, in which case the sensing 
elements 1-5, illustrated by the small squares, may be 
brush contacts. Sensing elements 1-5 sense the binary 
values of the correspondingly-numbered digit positions. 
Alternatively, the shaded portion may be opaque to light 
and the remaining portion of the pattern may be trans 
parent, in which case sensing elements 1-5 may be photo 
cells. This invention is not limited to the particular code 
wheel arrangement discussed herein, and any known ar 
rangement may be used for establishing a code pattern on 
a translatable member, and any compatible sensing means 
may be employed without departing from the teachings of 
this invention. 
A schematic representation of the converter, partially 

in block form, is illustrated in FIG. 2, and shows but two 
code wheels stages, the units and tens stages of the multi 

11 00 00 00 0 
l1 l1 1l 00 0 
00 00 11 11 
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speed system. Successive stages would be -identical to the 
tens stage. Code wheels 11 and 12, each having fixed 
thereon a pattern of the code set forth above, are coupled 
together by means of mechanical linkages 13 and 14 and a 
gear train 15 having a gear ratio 10:1-so that wheel 12 
makes one-tenth of a revolution for each revolution of 
wheel 11. The rotatable shaft whose angular position is 
to be converted to a digital code is coupled to linkage 16. 
K The binary values of each of the iive digit positions of 
the code pattern on code wheel 11 are sensed and corre 
sponding signals are respectively coupled over leads 21-25 
to even/ odd detector 26 which produces a first output sig 

l0 

nal on lead 28 when an even number of binary ones, for - 
example, are present in a lsensed sub-character of the code, 

, and produces a second output signal on lead 29 when there 
are an odd number'of binary ones in the digits of the 
sensed sub-character. The even and odd output signals 
on leads 28 and 29 are coupled to decoder 30 and the 
other two input leads 33 and 34 to decoder 3d respectively 
couple the signals from the third and fourth digit posi 
tions from the neXt-higher-speed code wheel, not illus 
trated. Decoder 30 operates in response to its input sig 
nals to produce signals on either of'two output leads N +1 
Or N+1 only when either one of two combinations of in 
put signals are present. Decoder 3i) operates to pro 
duce an output on lead N+1 only when an even signal is 
coupled from lead 28 andthe signals on leads 33 and 34 
from the third and fourth digit positions of the preceding 
code wheel both are zeros, and produces an output on lead 
N--l only when an odd signal is present on lead 29 and 
the respective signals on leads 33 and 34 are 0 and 1. 
The operation of decoder 30 may be represented by the 
following Table I: 

Table I 

Preceding Code Wheel , 
Even/Odd ~ Read 

Digit V3 _ Digit 4 

0 0 Even N+1` 
0 0 Odd N 
l 0 Even N 
1 0 Odd N 
1 1 Even N 
1 1 Odd N 
0 1 Even N 
0 1 Odd N-1 

The signals on input leads 33 and 34 are indicative'of 
whether or not the pattern on the preceding wheel has just 
changed from the character 9 to the character 0, or vice 
versa, or lies some distance therebetween. As may be 
seen from the code table above, this results from the 
unique arrangement of the binary digits in the third and 
fourth digit positions of the code. The binary pair of the 
third and fourth digit positions will be 0, 0 for the zero 
and first characters, and will be 0, 1 only for the eighth 
and ninth characters. Also, an even number will be pres 
ent on lead 2S only if the character sensed on code wheel 
11 has not yet changed from'9 to O, and an odd signal on 
lead 29 will be present only if the character sensed on 
code wheel 11 already has transferred from 9 to 0. Be 
cause a unique combination of input signals is coupled to 
the decoder 30 when the character sensed on the next 
V’niger-speed code wheel has changed from 9 to 0 but code 
wheel 11 has not so changed„and because a different 
unique combination of inputs is present when the reverse 
situation is true, logical networks may be constructed to 
produce respective output signals only upon the occurf 
rence of these two unique combinations of input signals. 
Thus, in accordance with Table I, an output signal on lead 
N+1 indicates that the next higher character is the cor 
rect character which should be read, and an output sig 
nal on the N -1 lead indicates that the next lower charac 
ter is the correct character which should be read. »If 
»neither the N+1 or N- lVK leads are energized, the charac 
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ter being sensed on the code wheel 11 is correct. Now it 
may be seeny that a means has been provided for determin 
ing whether or not successive code wheels in the multi 
speed system transfer simultaneously, and the N+1 and 
N -1 output signals also provide information which indi 
cates the relativeorder of transfer of the two successive ' 
wheels vin the system. 
, The signals representing the binary values of the four 
digit positions of the sensed character also are coupled on 
leads 21-#24 to code corrector 20 along with the code cor 
recting signals on leads N -1 and N+1. VCode corrector 
20 operates in response to these code correcting signals t0 
correct the digit signals on leads 21-24 if they are in error 
Vso that the correct code is coupled out on leads'21’~24’. 

The even/ odd detector is illustrated in schematic form 
in block 26’y in the tens stage of FIG. 2 and is comprised 
of a network of relay-actuated switches 31~35 and 32’~35’. 
Switch 31 is a single-pole double-throw relay and the re 
mainder of the network is comprised of double-pole dou 
ble-throw relays. Each relay is normally closed on its 
upper contact, and closes on its lower contact only when 
a binary one is coupled toits respective energizing wind 
ing designated by a corresponding double-primed numeral. 
A source Vof potential V is Vcoupled to relay 31, and de 
pending upon the state of energization of the relays, is 
coupled out on either the even line 28’ or the odd line 29’. 
As an'example of the operation of even/ odd detector 26', 
assume that the code of the sub-character presently being 
sensed on code wheel 12 is 0, l, 0, 0,. 1, the code of the 
upper half of the decimal code 2 (see the code table 
above). In HG. 2 the switches of the detector are'illus 
trated as closed-on the appropriate contact when ener 
gized in response to this assumed combination of binary 
digits from code wheel 12.V Following through the con 
tinuity of the switching network in the condition illus 
trated, it is seen that voltage source V is coupled through 
the upper contact of switch 31, throughswitches 32,33', 
>34 and 3S to the even line 28’. This is the correct output 
since thereV are two binary ones in the assumed input code. 
The decoder 3d’ also is comprised Vof a relay-actuated 

, switching network comprised of switches 40, 40’ and 41, 
41', actuated respectively byY windings 40” and 41” which 
are energized only by binary ones being coupled thereto 
from the third and fourth digit positions of the correctly 
coded digit signals at the output of code corrector 2d. 

l VSwitches lit?, 419’ both are normally _closed andL switches 
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65 

41 and 41’ are respectively normally closed and normally 
open. . 

Before describing the operation of the decoder 30', it 
should be remembered that the only time that an error or 
ambiguity in a multispeed system will arise is when> suc 
cessive wheels are to simultaneously change to the ad 
jacent decimal digit, or character, i.e. the unit wheel 
lchanges from 9 to 0 and the tens wheel is to simultane 
ously change from 50 to 60. As an example of the oper 
ation of the decoder 3d', assume that Vzeros are coupled 
to relay windings 40” and 41”, respectively, from the 
third and fourth digit positions of preceding code wheel 
11. Also assume that a signal is coupled from even/ odd ~ 
detector 26’ to decoder 30’ on even line 2-8’. Referring 
now to the code table above, it will be seen that the binary 
Vpair 0,0 is present in_ the third and fourth digit position 
of the code for the characters 0 and 1, and therefore code 
wheel 11 must have transferred from the character 9 to 

' 0; Similarly the sum of the binary digits from the even/ 
'odd detector Z6’- is even, so it is seen that code wheel 12 
must now be on the upper half of the sub-character of 
the decimal digit 9,V that is, has not yet changed from 50 
to 60. `With these respective inputs appliedrto decoder 
30', odd line 29’ is unenergized so that no outputs can 
appear on the N -l output line. Even line 28' is ener 
gized and both switches 40 and 41 are closed so that a 
signalappears on the output line N +1, indicating that ' 
the tens code wheel should have transferred but has not 
yet done so. . Y ' i ' 
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The only other possible combination of inputs which 
will produce an output from decoder 30 is represented 
in the bottom row of Table I. That is, a binary zero 
and a binary 1, respectively, from the third and fourth 
digit positions on preceding code wheel 11, and a signal 
on odd line 29' from the even/ odd detector 26’. In this 
instance, both relays 40’ and 41’ are closed and a signal 
will appear on the output line N -1. The even line 2S’ 
will not be energized and no signal will appear on output 
line N+1. In referring again back to the code table, it 
will be seen that this latter situation arises when the char 
acter being sensed from the preceding code wheel 11 has 
not yet transferred from the decimal digit 9 to the 
decimal digit O, and the code wheel 12 already has trans 
ferred to its next decimal digit, as evidenced by the odd 
signal from detector 26’. It may be seen by trial that 
none of the other possible combinations set forth in 
Table I will produce a signal on either the N+1 or N -1 
output lines of decoder 30’. 
T he method used to correct the code depends to some 

extent upon the manner in which the code wheels operate. 
If it is assumed that the pattern on the code wheels is 
of conductive material and that contact is made from a 
source of potential through the pattern to an output line 
when that line is to be energized, and leaves the line open 
when no output is required on the line, then the codes 
representing the characters can be changed by opening the 
appropriate lead by means of a relay to switch an ener 
gized lin'e to an unenergized line, and a presently unener 
gized line can be energized by connecting it to a presently 
energized line. 
The following Table II shows which digit positions 

change in the characters of the code when the characters 
change in value. 

Table II 
Character Decimal 
Digit ___________ _- 0 1 2 3 4 5 6 7 8 9 

0 0 0_.--1 1 1 
1___.0 0____1 1 1....‘0 

1 1 1 1_-..0 0 

The dash lines indicate on which lead the change of 
energization takes place when a character changes in 
value to the next higher or lowervalued character. Thus, 
for example, if the character being sensed is 6, and if the 
output from decoder 30 indicates that the next lower 
character should be read (N +1), then line 22. should be 
opened to change this output from l to O. If decoder 
30 indicates that the next higher character should be lead 
(N+1), then line 21 shouldbe energized The necessary 
inter-connections between lines for increasing and de 
creasing the value of a presently sensed character are set 
forth in the following Table III wherein the numerals 
connected by a dash indicate that lines having those num 
bers are to be connected together and the numerals With 
in the parentheses indicate that the lines having those 
numbers are to be opened. 

T able Ill 

Character N+1 Connection N-l 

0 21~22 21-‘24 
1 (ai) (22) 
2 22-23 21-22 
3 (22) (as) 
4 23-24 22-23 
5 22-23 (24) 
6 21-22 (22) 
7 (23) (2i) 
8 (22) 22-23 
9 (24) 21-22 

In order to apply the appropriate correction it is neces 
sary iirst to recognize which character is being sensed. 
Referring now to FIG. 3, a schematic illustration of code 
vcorrector 20, the code of the particular character being 
transmitted is recognized by means of a relay tree network 
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6, 
50 which connects ya source of potential V to a respective 
one of the output terminals 0-9 depending upon the par 
ticular combination of the binary digits of the sensed 
character on the lines 21-24. The relay tree 50 may be 
of the type described on pages 108 and 109 of Auto 
matic Digital Calculators, by Booth and Booth, published 
by Butterworths Scientific Publications, London, 1953. 
In the event that the code of the character being sensed 
is incorrect, a correcting signal N+1 or N -l from de 
coder 3i) energizes a respective N+1 or N -1 correcting 
relay so that the associated normally-open contacts of the 
energized relay are closed. Continuity then is established 
from voltage source V to one of the relay windings 
(Sit-67 so that one of the )relay contacts CO-Cq is ener 
gized in accordance with Table III to open one of the 
output lines Z1’24’, or to cross-connect an unenergized 
line to an energized line. 
As an example of the operation of the code correcting 

circuit of FIG. 3, assume that the code for the char 
acter 6(O, l, l, l) presently is being sensed and corre 
sponding binary digit signals are present on the input lines 
2.1-24. Also assume that the N-l correcting relay is 
energized, indicating that the code is to be corrected to 
indicate the character 5. With these conditions present, 
output terminal 6 of relay tree 50 will be energized and 
connection will be made through contact 68, leads 69-71 
to code correcting relay 65 which opens normally-closed 
contact C5 to deenergize output line 22’. The code on 
the output lines 21’-24' now is 0, 0, 1, l which is the code 
for character 5, this showing that the desired correction 
has been made. 
As a further example of the operation of the correct 

ing circuit of FIG. 3, assume tha the character presently 
being sensed on the code Wheel is decimal digit 2 so that 
the binary digits on input lines 21-24 are 0, l, 0, 0, re 
spectively. Also assume that the N+1 correcting relay 
is energized to close its associated normally-opened con 
tacts. The N+1 output from decoder 3i) being energized 
indicates that the input code is incorrect and the value 
of the character now being read is to be increased by 
one. Relay tree Si) operates ̀ in response to the digit sig 
nals on lines 2‘1-24 to connect the voltage source V to 
output terminal 2 of the relay tree, through lead 80, con 
tact îiì, lead 82 to the relay winding ‘61 which closes the 
normally-opened contact C1. The closing of contact C1 
connects lines 2.2-23 together, and since line Z2 is en 
ergized, it also energizes line 23. The digits on output 
lines 21’24’ then are 0, 1, l, O, the code ̀ for the decimal 
digit 3. Thus the correcting circuit of FIG. 3 has per 
formed its desired function. 
When the correct input code is coupled on input lines 

2.1-241, the N+1 and N-l correcting relays both will 
.be unenergized and their associated relays will remain 
open. Therefore, normally open contact C0C3 will re 
main open, and normally-closed contacts C4-C7 will re 
main closed and the input signal will be coupled direct 
ly through to output lines Z1’-24’. 

It is .beieved to tbe obvious that the practice of my 
invention is not limited to the particular types of relay 
networks illustrated. Different logical networks employ 
ing different elements may be employed with equal fa 
cility. It also is to be understood that the practice of 
my invention is not limited to translatable members such 
as rotatable code wheels, but maybe practiced with trans 
latable members having diiîerent relative motion, such as 
linear. 
While I have described my invention in its preferred 

embodiment, it is to be understood that the words which 
I have used are Words of description rather than of limita 
tion and that changes within the purview of the appended 
claims may be made without departing ‘from the true 
scope and spirit of my invention in its broader aspects. 
What I claim is: 
`1l. A multispeed analogue-to-digital converter coni 

prised of a plurality of translatable members coupled to 
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gether so that the speed of translation et successively 
coupled members is related by the `factor N, each mem 
er having thereon a cyclichinary code pattern comprised 

of N characters of Y digits, each character being rep 
resented on said pattern by two adjacently positioned sub 
characters of Y-l-l digits and each pair of corresponding 
sub-characters being of opposite binary values in their 
Y+1 digit positions in a manner to preserve the cyclic 
nature of the code, said code being further characterized 
by having a first unique combination of binary values 
in two digit positions of the first character of said code 
and a second unique combination of binary values in the 
same two digit positions of the Nth character of said code, 
said two unique combinations being restricted, respective 
ly, to the ‘immediate vicinity of said first and Nth char 
acters ofthe code, means associated with each translatable 
member for sensing at any position or" said member the 
sub-character of the code present at a reference posi-y 
tion andl for producing corresponding signals represent 
ing the binary digits of the sensed sub-character, means 
responsive to said sub-character binary digit signals from 
each sensing means for producing a first signal when an 
even number of said digit signals from the respective 
means are of a given binary value and for producing a 
second signal when an odd number ot said digit signals 
are of said given binary value, correcting signal produc 
ing means associated with each member responsive to said 
first and second signals and responsive to correct signals 
from said two digit positions of the next-higher-speed 
member for producing a` first correcting signal when said 
iirst signal is coupled thereto and the first unique corn 
bination is present in the correct signals from said two 
digit positions of .the next-higher-speed member and for 
producing a second correcting signal when said second 
signal is coupled thereto and said second unique combina 
tion is present in the correct signals from said two digit 
positions of the neXt-higher-speed member, and code cor 
recting means `for each member coupled to receive the 
sensed digit signals from the associated sensing means and 
responsive to the -iirst correcting signal associated with 
each respective member to change the value of one of said 
digit signals to increase by one the value of the character 
represented -by said sensed digit signals and responsive 
tothe second associated correcting signal to change a dif 
ferent one »of said digit signals to decrease by one the 
value of the character represented by said sensed digit 
signals. ' - . ' Y 

2. An analogue-to-digital converter comprising a plu 
rality of linked code Wheels wherein the rotational speed 
of successively linked wheels is related by the »factor N, 
a pattern of a cyclic code iixed to each of said wheels, 
said code being composed of N characters of Y binary 
digits each and each character being represented on said 
pattern by two adjacently positioned sub-characters of 

_ Y-i-’l -binary digits each, _the sub-characters corresponding 
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trom said two given digit-positions `from the next-higher 
speed wheel and operating in response thereto to produce 
a »ñrst cor ecting signal when said first signal and the first 
unique combination of binary digit signals are coupled 
thereto and to produce a second correctingrsignal when 
said second signal and the second unique combination 
of binary digit signals are coupled thereto, and code cor 
recting means coupled to receive the sensed signals from 
the Y digit positions from each wheel and the correspon - 
ing correcting signals Yand operating to change said sensed 
signals to represent the neXt-higher-valucd character when 
said first correcting signal is present and to represent the 
neXt-lower-valued character when said second correcting 
signal is present. Y 

3. The combination claimed in claim 1 wherein said 
code correcting means is comprised of Vmeans for pro 
ducing a respective identifying signal corresponding to 
the code of the Y binary digit position signals coupled 
thereto and is further comprised of means operating in 
response to a correcting signal and a respective identify 
ing signal to change the binary value of one of `said 
digit position signals to indicate an adiacent character y 
in the code in> accordance with the correcting signal. » 

4. >In an analogue-to-digital converter the combination 
of a plurality of rotatable code wheels linked together 
so that the rotational speeds of successively linked wheels 
are related by the factor N, each wheel having thereon 
a continuous pattern of a cyclicV code comprised of N 
characters of Y digits, wherein each character is repre 
sented on said pattern by two adjacently positioned sub 
characters of Y-l-l digits and each'pair of correspond 
ing sub-characters are oppositely valued in their Y-i-l 
digit positions in a manner to preserve between sub 
characters the cyclic nature of the code, sensing means 
for each codewheel for producing respective signalsv 
representing the value of each digit of the sub-character 
present at a respective reference position,r means as 
sociated with each wheel and responsive to the sensed 
digit' signals from the wheels for producing a first signal 
when Yan even number of the sensed digits arev of a 
given binary value and for 4producing a second signal 
when an odd number of the digits are of said given 
binary value, means for coupling correct digit'signals 
from two digit positions of the sensed sub-character from 
the neXt-higher-speed wheel, said two digit positions of 
thev sub-characters from the neXt-higher-order wheel hav- t 
ing different combinations of binary values for the 'first 
and the Nth characters of the code and the combinations 
being present in the pattern in'said two digit positions 
Vonly in the immediate vicinity of the first land Nth char 
acters of the code, means responsive to the first and second 

. signals from aV given wheel and said two digit signals from 

55 
to ya character being oppositely valued in their Y-l-l digit ` 
positions in a manner to preserve the cyclictnature of 
the code, said code »being `further characterized by having 
a first combination of binary digits in at least two given 
digit poistions of the first character and a second com 
bination of binary digits inthe same given digit positions 
of the last character, said two combinations being unique 
in the code only in the respective immediate regions of 
the first and last characters of the code, means forV sens` 
ing on each wheel the sub-character which ̀is at a respec 
tive reference position and Vfor producing signals corre 
sponding to the sensed binary digits, detector means as 
sociated with each wheel operating in response to the digit 
position signals from its respective wheel for producing 
either a first or a second signal when the sensed binary 
digits contain, respectively, either an even or an odd num 
ber of signals corresponding to a given binary value, 
decoder means ‘for each wheel coupled to receive said 
tirst and second signals >from a respective detector .and 
to receive the correct combination of binary digit signals 
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the next-higher-speed wheel for producing a first correct 
ing signal when said neXt-higher-speed wheel has rotated 
so that the character sensed thereon has changed from 
the Nth to the iirst character >but the sensed character> 
on the given wheel has not so changed and for producing 
a second correcting signal when the sensed character on 
the given wheel but not 'the neXt-higher-speed wheel has 
so changed, means ' for increasing by one the value 
of the sensed character from said given wheel in response 
to said first _correcting signal and for decreasing by one 

, the value of the sensed character from said given wheel 
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in response to said second correcting signal. Y 
5. In an .analogue-to-digital converter the combination 

of a plurality of rotatable code wheels linked together 
so that the rotational speeds of successively linked wheels 
are related by a factor N, each of said wheels having 
fixed thereon aY pattern of a cyclic code of Nv characters 
each comprised of Y binary digits, each character beingV 
represented on said pattern by a pair of adjacently po 
sitioned sub-characters, each sub-character further in 
cluding an additional binary digit and the additional 
digits of a pair of corresponding sub-characters being Yof ' 
opposite binary values and arranged in said pattern in 
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a manner to preserve between successive sub-characters 
the cyclic nature of said code, sensing means for each 
wheel for producing signals representing the values of 
the respective digits of the sub-character of the code 
present at a reference position, means respectively re 
sponsive to the sensed digit signals from each wheel ex 
cept the highest speed wheel for producing a ñrst signal 
when an odd number of said sensed digits are of a 
given binary value and for producing a second signal 
when an even number of said digits are of said given 
binary value, means for monitoring at least two of the 
Y digit positions on the next-higher-speed code wheel, 
said monitored digit positions having diiîerent corn 
binations of binary values for the ñrst and Nth char 
acters of said code, said combinations being present in 
the pattern only in the immediate regions of the íirst 
and Nth characters, means operating in response to said 
ñrst and second signals and in response to correct signals 
representing said two monitored digits from said next 
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higher-speed wheel for producing a first correcting 
signal when the sensed character on a given wheel changes 
from the Nth to the first character but the next-higher 
speed wheel does not so change and for producing a 
second correcting signal when the order of change of 
said two wheels between the Nth and first characters is 
reversed, means responsive to said correcting signals for 
decreasing by one the value of the sensed character on 
said given wheel upon the occurrence of the first cor 
recting signal and for increasing by one the value of the 
sensed character upon the occurrence of the second of 
said correcting signals. 
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