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glTsRligAE‘gsNhgLLER & MOSHER’ LLP The adjustment device (1) comprises a selector (4) Which is 
SUITE 850 ’ capable of being actuated by an operator, a coder (5) Which 
WASHINGTON DC 20036 (Us) is driven in rotation by the selector (4), When the latter is 

’ actuated, an arithmetic unit (UC) Which receives the signal 
73 AS - I AIRBUS F TOULOUSE FR emitted by the coder (5), formats it, makes a computation to 

( ) slgnee rance’ ( ) deduce the selected value therefrom and is capable of 
(21) APPL NO; 10/846,600 transmitting the selected value thus computed, a ?rst detec 

tion means (7) Which is capable of detecting an actuation of 
(22) Filed; May 17, 2004 the selector (4), a second detection means (8) Which is 

capable of detecting the emission of a signal indicating a 
(30) Foreign Application Priority Data change of the selected value, and a comparison means (9) 

Which deduces a malfunction When only one of the ?rst and 
May 19, 2003 (FR) .......................................... .. 03 05948 second detection means (7, 8) has made a detection. 
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DEVICE FOR ADJUSTING AT LEAST ONE 
PARAMETER, IN PARTICULAR FOR AN 
AIRCRAFT AUTOMATIC PILOT SYSTEM 

[0001] The present invention relates to a device for adjust 
ing at least one parameter. 

[0002] Although not exclusively, the present invention 
applies more particularly to the adjustment of parameters on 
an aircraft automatic pilot system, in particular of a civil 
transport airplane. 

[0003] It is knoWn that aircraft are furnished With a 
customary automatic pilot system, comprising a manual 
control module of said system, this module usually being of 
the FCU (Flight Control Unit) type. Such a module com 
prises an adjustment device Which alloWs the adjustment of 
a certain number of parameters, in particular the altitude of 
the aircraft, its speed (or its Mach number), its heading (or 
its ?ight path), its vertical speed (or its angle of descent), etc. 

[0004] It is also knoWn that such an adjustment device 
usually comprises, for the adjustment of a parameter: 

[0005] at least one selector Which is capable of being 
actuated by an operator; 

[0006] at least one coder Which is driven in rotation 
by said selector, When the latter is actuated, and 
Which then emits a signal representative of that 
rotation; and 

[0007] at least one arithmetic unit Which receives the 
signal emitted by the coder, formats it, makes a 
computation to deduce the selected value therefrom 
and is capable of transmitting the selected value thus 
computed. This selected value is made available to 
the items of equipment that use it (such as the 
automatic pilot system in particular), for example by 
means of an “ARINC 429” type link. It is also 
communicated, for example, by means of a serial 
link inside the FCU module, to a display module 
situated on the front face of the latter. 

[0008] In exceptional cases, corresponding for example to 
an operation of the FCU module in environmental condi 
tions of extreme interference from an electromagnetic point 
of vieW or in cases of malfunction, even though extremely 
brief, of the coder or of a component of one of the portions 
of the adjustment device of said FCU module, the risk 
cannot be totally excluded that the value of one of the 
parameters, selected by a pilot, is modi?ed Without there 
having been an action of said pilot on the selector With the 
intention of modifying it. Such behavior could be disorien 
tating for the pilot, since the ?ight of the aircraft Would then 
no longer correspond to the parameters selected by said 
pilot. 

[0009] The object of the present invention is to remedy 
these draWbacks. It concerns an adjustment device, Which 
alloWs any malfunction of the abovementioned type to be 
detected in a simple and loW cost manner. 

[0010] To this end, according to the invention, said device 
of the type comprising for the adjustment of a parameter: 

[0011] at least one selector Which is capable of being 
actuated by an operator; 
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[0012] at least one coder Which is driven in rotation 
by said selector When the latter is actuated, and 
Which then emits a signal representative of that 
rotation; and 

[0013] at least one arithmetic unit Which receives the 
signal emitted by the coder, formats it, makes a 
computation to deduce the selected value therefrom 
and is capable of transmitting the selected value thus 
computed, 

[0014] 
[0015] a ?rst detection means Which is capable of 

detecting an actuation of said selector; 

[0016] a second detection means Which is capable of 
detecting the emission of a signal indicating a change 
of the selected value; and 

[0017] a comparison means Which is linked to said 
?rst and second detection means and Which deduces 
a malfunction from the information received from 
said ?rst and second detection means When only one 
of said ?rst and second detection means has made a 
detection. 

[0018] Thus, thanks to the invention, a malfunction (in the 
adjustment of the parameter, that is in the selection of the 
value) is detected When the information originating from 
said ?rst and second selection means is contradictory, that is 
When one and not the other has detected a change of the 
selected value. 

[0019] Preferably hoWever, said comparison means 
deduces a malfunction only When said second detection 
means has detected a change of the selected value While said 
?rst detection means has not detected actuation of said 
selector. 

[0020] It Will be noted that said adjustment device per 
fected according to the present invention is simple and loW 
cost. 

[0021] In a particular embodiment, said adjustment device 
also comprises: 

[0022] a ?rst means Which prevents the arithmetic 
unit from transmitting a change of the selected value, 
on detection of a malfunction by said comparison 
means. Thus, in the event of a malfunction, a user 
device, such as an automatic pilot system, or a 
display means intended to display the selected val 
ues, does not register the value changed in an undes 
ired manner by this malfunction (and therefore not 
controlled by the operator); and 

[0023] a second means Which emits an alarm signal, 
for example a visual signal, an audible signal or a 
tactile signal, on detection of a malfunction by said 
comparison means. 

is remarkable in that it also comprises: 

[0024] In a preferred embodiment, said ?rst detection 
means comprises an auxiliary coder Which is mounted in 
series betWeen said selector and said coder. As said auxiliary 
coder is independent of said coder, it has the advantage of 
being independent of a failure of the latter. 

[0025] In addition, advantageously, said second detection 
means comprises an electronic circuit board Which receives 
the information emitted at the output of said arithmetic unit. 



US 2004/0236480 A1 

[0026] Furthermore, in a particular embodiment, the 
adjustment device according to the invention also comprises 
a third means, for example a ?ight management computer of 
the “FMGC” (Flight Management and Guidance Computer) 
type, Which is capable of sending an order to change the 
selected value directly to said arithmetic unit, and said ?rst 
detection means is capable of detecting such an order and of 
indicating such a detection to said comparison means. 

[0027] Furthermore, in another advantageous embodi 
ment, said arithmetic unit comprises a ?rst computer Which 
receives the signal emitted by the coder and Which formats 
it, and a second computer Which receives the signal format 
ted by said ?rst computer, Which makes a computation to 
deduce the selected value therefrom and Which is capable of 
transmitting the selected value thus computed, and said 
second detection means is capable of detecting the signal 
Which is formatted by said ?rst computer and Which is 
transmitted by the latter to said second computer. 

[0028] In this case, advantageously, said second detection 
means and said comparison means are integrated into said 
second computer. 

[0029] In addition, in this ?nal advantageous embodiment, 
the adjustment device according to the invention also com 
prises a fourth means Which prevents said second computer 
from registering information transmitted by said ?rst com 
puter, relating to a change of the selected value, When said 
comparison means has detected a malfunction. Preferably, 
this fourth means is also integrated into said second com 
puter. 

[0030] In addition, advantageously, the link betWeen said 
?rst detection means and said comparison means passes 
through said ?rst computer and is furnished With a discrete 
signal processing unit, that is to say a unit Which processes 
the information transmitted via the link as a discrete signal, 
and Which is independent of the softWare functions of said 
?rst computer. 

[0031] Furthermore, in another embodiment, in Which said 
arithmetic unit comprises ?rst and second redundant com 
puting channels, said adjustment device according to the 
invention comprises a ?rst set formed of a second selection 
means and of a comparison means, Which is associated With 
said ?rst computing channel, a second set formed of a 
second selection means and of a comparison means, Which 
is associated With said second computing channel, and a 
means of priority to register in prioritiZed manner, When 
only one of said comparison means has detected a malfunc 
tion, the information originating from the computing chan 
nel, the associated comparison means of Which has not 
detected a malfunction. 

[0032] The present invention also relates to an aircraft 
automatic pilot system, comprising a functional unit Which 
is disposed in a control module furnished With a system of 
adjusting parameters that are used by said functional unit. 

[0033] According to the invention, this automatic pilot 
system is remarkable in that said system of adjusting param 
eters comprises at least one adjustment device such as that 
speci?ed above. 

[0034] The ?gures in the appended draWing Will clearly 
explain hoW the invention can be implemented. In these 
?gures, the same reference numbers denote similar ele 
ments. 
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[0035] FIGS. 1 to 5 are block diagrams of various embodi 
ments of an adjustment device according to the invention. 

[0036] The adjustment device 1 according to the invention 
is intended to adjust at least one parameter, in particular a 
parameter of an aircraft, such as the altitude, the speed or the 
heading for example, as Will be seen in greater detail beloW. 

[0037] Accordingly, said adjustment device 1 is furnished 
With a module, of Which only tWo portions of Wall 3A and 
3B have been shoWn in FIG. 1 for reasons of simplifying the 
draWing, and comprises, for the parameter adjustment, an 
adjustment set 2 comprising: 

[0038] a selector 4, for example a rotary knob, that is 
disposed on one external face of the module 3A, and 
that is capable of being actuated by an operator When 
he Wants to change the value of the parameter in 
question; 

[0039] a coder 5, in particular a thumbWheel, Which 
is driven in rotation by said selector 4, When the 
latter is actuated by an operator and Which then emits 
a signal representative of that rotation (and therefore 
of the selection made by said operator); and 

[0040] an arithmetic unit UC Which receives the 
signal emitted by the coder 5, formats it, makes a 
computation to deduce the selected value therefrom 
and is capable of transmitting the selected value thus 
computed. 

[0041] This selected value is placed at the disposal of a 
user device DU, such as an automatic pilot system, for 
example by means of a link 12 of the “ARINC 429” type. It 
is also sent, for example by means of a serial link inside the 
module, to a customary display means 6, Which is disposed 
on an external face 3B of said module and Which displays 
the selected value. 

[0042] According to the invention, said adjustment set 2 of 
the adjustment device 1 also comprises: 

[0043] a detection means 7 Which is capable of 
detecting an actuation of said selector 4; 

[0044] a detection means 8 Which is capable of 
detecting the emission of a signal indicating a change 
of the selected value; and 

[0045] a comparison means 9 Which is linked to said 
detection means 7 and 8 and Which deduces a 
malfunction from the information received at its 
inputs 9A and 9B from said detection means 7 and 8 
(available at its output 9C) When only one of said 
detection means 7 and 8 has made a detection. 

[0046] In a preferred embodiment, said comparison means 
9 deduces a malfunction When said detection means 8 has 
detected a change of the selected value While said detection 
means 7 has not detected actuation of said selector 4, that is 
to say When the arithmetic unit UC changes the selected 
value Without an operator having ordered such a change by 
means of the selector 4. 

[0047] In a particular embodiment, said adjustment device 
1 also comprises: 

[0048] a means 10 Which prevents the arithmetic unit 
UC from transmitting a change of the selected value, 
on detection of a malfunction by said comparison 
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means 9. Thus, in the event of a malfunction, a user 
device DU, such as an aircraft automatic pilot sys 
tem, or a display means 6 intended to display the 
selected values, does not register the value changed 
in an undesired Way by this malfunction; and 

[0049] a customary means 11, Which emits an alarm 
signal, for eXample a visual, audible or tactile signal 
on detection of a malfunction by said comparison 
means 9. 

[0050] In a preferred embodiment, said detection means 7 
comprises an auXiliary coder Which is mounted in series 
betWeen said selector 4 and said coder 5. As said auXiliary 
coder 7 is then independent of said coder 5, it has the 
advantage of being independent of a failure of the latter. 

[0051] In a particular embodiment shoWn in FIG. 2, the 
detection means 8 detects a change of the selected value 
using information Which is transmitted by the arithmetic 
means UC to a user device DU via the link 12. Accordingly, 
said detection means 8 is connected via a link 13, for 
eXample a link of the “ARINC 429” type to said link 12. 
Preferably, said detection means 8 is produced in softWare 
manner on an electronic circuit board. The embodiment in 

FIG. 2 illustrates, by a rectangle With dashed lines, the set 
14 of softWare elements of said adjustment device 1 in this 
case. 

[0052] A variant embodiment of the invention, Which is 
shown in FIG. 3 and Which is particularly Well suited to the 
selection of parameters of an aircraft, in particular the speed 
(or Mach), heading (or ?ight path) or vertical speed (or angle 
of descent) parameters, concerns the case for Which the 
selected value of the parameter in question may be changed 
either by an operator (pilot, etc.) by means of said selector 
4, or on the order of a computer 15 (such as for eXample a 
?ight management computer of the “FMGC” (Flight Man 
agement and Guidance Computer) type) Which is connected 
to the arithmetic unit UC, for eXample by means of a link 16 
of the “ARINC 429” type. 

[0053] In this case, said selection means 7 is formed in 
such a manner as to be able to achieve, in addition to the 
detection of an action on the selector 4, the detection of an 
order to modify the selected value, emitted by this computer 
15. Such a mode of operation is advantageous, since it 
means that the alarm is not triggered When a change of the 
selected value occurs at the request of said computer 15, that 
is to say Without actuation of the selector 4. 

[0054] In another embodiment shoWn in FIG. 4, said 
arithmetic unit UC comprises a computer C1 Which com 
prises a functional unit 17 (softWare) intended to receive the 
signal emitted by the coder 5 and format it, and a computer 
C2 Which comprises a functional unit 18 (softWare) Which is 
connected via a link 19 (for eXample a link of the “ARINC 
429” type) to the computer C1 and Which is intended to 
receive the signal formatted by said computer C1, to make 
a computation to deduce the selected value therefrom and to 
transmit the selected value thus computed. 

[0055] In this case, according to the invention, said arith 
metic means 8 is capable of detecting via a link 20 the signal 
Which is formatted by said computer C1 and Which is 
transmitted by the latter to said computer C2 via the link 19. 

Nov. 25, 2004 

[0056] Furthermore, it Will be noted that the link betWeen 
the detection means 7 and the comparison means 9 may be 
direct. HoWever, in a preferred embodiment shoWn in FIGS. 
4 and 5, the link betWeen said detection means 7 and said 
comparison means 9 passes through said computer C1 and 
is furnished With a unit 21 Which processes the correspond 
ing signal as a discrete signal, Which is integrated into said 
computer C1, but Which is independent of the customary 
softWare functions (for formatting the signal received from 
the coder 5, in particular) of the functional unit 17 of said 
computer C1. 

[0057] The fact that this link is implemented in such a 
manner as to register a discrete signal has the advantage of 
being independent of any softWare failure (failure of the 
functional unit 17) of said computer C1. 

[0058] In a particular embodiment shoWn in FIG. 5, said 
detection means 8 and said comparison means 9 are inte 
grated into said second computer C2. By reason of its 
particular architecture, this second computer C2 has the 
particular feature of having a very high degree of integrity 
and, consequently, abnormal functioning of the latter is 
detected and inhibited. 

[0059] The adjustment device 1 according to this particu 
lar embodiment also comprises a means 22 Which is inte 
grated into said computer C2 and Which prevents this 
computer C2 from registering information transmitted by 
said computer C1, relative to the parameter adjustment in 
question, When said comparison means 9 has detected a 
malfunction. 

[0060] Said adjustment device 1 also comprises a link 23 
originating from the computer C2 and passing through the 
computer C1 to control the display means 6. 

[0061] Furthermore, in a particular embodiment, not 
shoWn, said arithmetic unit UC comprises ?rst and second 
redundant computing channels and said adjustment device 1 
comprises: 

[0062] a ?rst set Which is formed of a selection means 
8, and of a comparison means 9 and Which is 
associated With said ?rst computing channel; 

[0063] a second set Which is formed of a selection 
means 8 and of a comparison means 9 and Which is 
associated With said computing channel; and 

[0064] a means of priority to register in prioritiZed 
manner, When only one of said tWo comparison 
means 9 has detected a malfunction, the information 
originating from the computing channel, the associ 
ated comparison means 9 of Which has not detected 
a malfunction. 

[0065] When one of these computing channels has already 
failed before the detection of a malfunction, the malfunction 
signal emitted by the comparison means 9 may be used to 
Warn the pilot of the problem that has occurred, so that he 
can take the appropriate action. In this case, the computing 
channel Which hitherto has not yet failed, may nevertheless 
remain available so that the pilot can select various other 
parameters. 



US 2004/0236480 A1 

[0066] Naturally, the adjustment device 1 according to the 
invention can be used to adjust a plurality of different 
parameters. It then comprises a plurality of adjustment sets 
2, each of Which is intended for the adjustment of one 
particular parameter. In this case, the adjustment device 1 
comprises preferably a single arithmetic unit UC Which is 
common to said various adjustment sets 2. 

[0067] In a preferred application of the adjustment device 
1 according to the invention, the user device DU is a 
functional unit (softWare) of an aircraft automatic pilot 
system and the adjustment device 1 is part of an FCU (Flight 
Control Unit) unit Which is intended for the adjustment of a 
certain number of parameters of the aircraft, such as the 
altitude, the speed, the heading and/or the slope, Which are 
used by said automatic pilot system. 

1. A device for adjusting at least one parameter, compris 
ing for the adjustment of this parameter: 

at least one selector (4) Which is capable of being actuated 
by an operator; 

at least one coder (5) Which is driven in rotation by said 
selector (4) When the latter is actuated, and Which then 
emits a signal representative of that rotation; and 

at least one arithmetic unit (UC) Which receives the signal 
emitted by the coder (5), formats it, makes a compu 
tation to deduce the selected value therefrom and is 
capable of transmitting the selected value thus com 
puted, 

Wherein it also comprises: 

a ?rst detection means (7) Which is capable of detecting 
an actuation of said selector (4); 

a second detection means (8) Which is capable of detect 
ing the emission of a signal indicating a change of the 
selected value; and 

a comparison means (9) Which is linked to said ?rst and 
second detection means (7, 8) and Which deduces a 
malfunction from the information received from said 
?rst and second detection means (7, 8) When only one 
of said ?rst and second detection means (7, 8) has made 
a detection. 

2. The device as claimed in claim 1, 

Wherein said comparison means (9) deduces a malfunc 
tion only When said second detection means (8) has 
detected a change of the selected value While said ?rst 
detection means (7) has not detected actuation of said 
selector 

3. The device as claimed in claim 1, 

Wherein it also comprises a ?rst means (10) Which pre 
vents the arithmetic unit (UC) from transmitting a 
change of the selected value, on detection of a mal 
function by said comparison means 

4. The device as claimed in claim 1, 

Wherein it also comprises a second means (11) Which 
emits an alarm signal, on detection of a malfunction by 
said comparison means 
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5. The device as claimed in claim 1, 

Wherein it also comprises a display means (6) Which is 
intended to display the selected value, transmitted by 
said arithmetic unit (UC). 

6. The device as claimed in claim 1, 

Wherein said ?rst detection means (7) comprises an auX 
iliary coder Which is mounted in series betWeen said 
selector (4) and said coder 

7. The device as claimed in claim 1, 

Wherein said second detection means (8) comprises an 
electronic circuit board Which receives the information 
emitted at the output of said arithmetic unit (UC). 

8. The device as claimed in claim 1, 

Wherein it also comprises a third means (15) Which is 
capable of sending an order to change the selected 
value directly to said arithmetic unit (UC) and Wherein 
said ?rst detection means (7) is capable of detecting 
such an order and of indicating such a detection to said 
comparison means 

9. The device as claimed in claim 1, 

Wherein said arithmetic unit (UC) comprises a ?rst com 
puter (C1) Which receives the signal emitted by the 
coder (5) and Which formats it, and a second computer 
(C2) Which receives the signal formatted by said ?rst 
computer (C1), Which makes a computation to deduce 
the selected value therefrom and Which is capable of 
transmitting the selected value thus computed, and 
Wherein said second detection means (8) is capable of 
detecting the signal Which is formatted by said ?rst 
computer (C1) and Which is transmitted by the latter to 
said second computer (C2). 

10. The device as claimed in claim 9, 

Wherein said second detection means (8) and said com 
parison means (9) are integrated into said second 
computer (C2). 

11. The device as claimed in claim 9, 

Wherein it also comprises a fourth means (22) Which 
prevents said second computer (C2) from registering 
information transmitted by said ?rst computer (C1), 
relating to a change of the selected value, When said 
comparison means (9) has detected a malfunction. 

12. The device as claimed in claim 11, 

Wherein said fourth means (22) is integrated into said 
second computer (C2). 

13. The device as claimed in claim 9, 

Wherein the link betWeen said ?rst detection means (7) 
and said comparison means (9) passes through said ?rst 
computer (C1) and is furnished With a discrete signal 
processing unit (21), Which is independent of the soft 
Ware functions (17) of said ?rst computer (C1). 

14. The device as claimed in claim 1, 

Wherein said arithmetic unit (UC) comprises ?rst and 
second redundant computing channels, Wherein said 
device (1) comprises a ?rst set formed of a second 
selection means (8) and of a comparison means (9), 
Which is associated With said ?rst computing channel, 
a second set formed of a second selection means (8) and 
of a comparison means (9), Which is associated With 
said second computing channel, and a means of priority 
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to register in prioritized manner, When only one of said 
comparison means (9) has detected a malfunction, the 
information originating from the computing channel, 
the associated comparison means (9) of Which has not 
detected a malfunction. 

15. An aircraft automatic pilot system, comprising a 
functional unit (DU) Which is disposed in a control module 
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(3A, 3B) furnished With a system (1) of adjusting parameters 
that are used by said functional unit (DU), 

Wherein said system of adjusting parameters comprises at 
least one adjustment device (1) such as that speci?ed in 
claim 1. 
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