wo 2015/149059 A 1[I I PV 0 O

(43) International Publication Date

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2015/149059 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

1 October 2015 (01.10.2015) WIPO I PCT
International Patent Classification: (74)
B60N 2/02 (2006.01) B60ON 2/42 (2006.01)

B60N 2/12 (2006.01) B60ON 2/427 (2006.01)
B6ON 2, 2006.01
60N 2/08 ( ) @1)
International Application Number:
PCT/US2015/023294

International Filing Date:

30 March 2015 (30.03.2015)
Filing Language: English
Publication Language: English
Priority Data:

61/970,678 26 March 2014 (26.03.2014) US
Applicant: FAURECIA AUTOMOTIVE SEATING, (84)

INC. [US/US]; 2380 Meijer Drive, Suite B, Troy,
Michigan 48084-7146 (US).

Inventors: FRYE, Dale J.; 16585 Starwalk Lane, West
Olive, Michigan 49460 (US). BONK, Jeffery T.; 47617
Burlingame, Chesterfield, Michigan 48047 (US). HOGG,
Christopher L.; 5275 138th Avenue, Holland, Michigan
49423 (US). DECK, Adam M.; 1670 Virginia Place, Hol-
land, Michigan 49423 (US).

Agent: REZEK, Richard, A.; Barnes & Thornburg LLP,
11 South Meridian Street, Indianapolis, Indiana 46204

(US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: VEHICLE SEAT WITH COMPUTER CONTROLED MEMORY-LOCK

UNLOCKED

|~Fq
USER-APPLIED
FORCE ONLY
MEMORY 1

MEMORY 2

LOCKED

N
MEMORY 1
T NO T
e ELECTRIC

MOTOR(S)

X FIG. 1B

(57) Abstract: A vehicle seat includes a seat bottom and a seat back coupled to the seat bottom to extend upwardly away from the
seat bottom. The vehicle seat further includes a seat-bottom foundation arranged to interconnect the seat bottom and seat back to
translate back and forth relative to a vehicle floor.



WO 2015/149059 A1 |IWATT 00T VT 000 AR

Declarations under Rule 4.17: Published:

— as to applicant’s entitlement to apply for and be granted —  with international search report (Art. 21(3))

a patent (Rule 4.17(ii)) —  with information concerning request for restoration of

— as to the applicant's entitlement to claim the priority of the right of priority in respect of one or more priority
the earlier application (Rule 4.17(iii)) claims (Rules 26bis.3 and 48.2(b)(vii))



WO 2015/149059 PCT/US2015/023294
-1-

VEHICLE SEAT WITH COMPUTER CONTROLED MEMORY-LOCK

PRIORITY CLAIM
[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Application Serial No. 61/970,678, filed March 28, 2014, which is expressly incorporated by

reference herein.

BACKGROUND
[0002] The present disclosure relates to a vehicle seat, and particularly to a vehicle seat
which may be moved relative to a floor of a vehicle. More particularly, the present disclosure

relates to a vehicle seat including electronic components.

SUMMARY

[0003] According to the present disclosure, a vehicle seat includes a seat bottom and a
seat back coupled to the seat bottom to extend upwardly away from the seat bottom. The
vehicle seat further includes a seat-bottom foundation arranged to interconnect the seat bottom
and seat back to translate back and forth relative to a vehicle floor.

[0004] In illustrative embodiments, the vehicle seat further includes a manual-memory
system. The manual-memory system is configured to provide means for infinitely adjusting a
longitudinal position of the vehicle seat relative to a floor included in a vehicle without the use
of powered motors and locking the vehicle seat in a stored position as the vehicle seat moves
into the stored position.

[0005] In illustrative embodiments, the vehicle seat further includes a smart-height
system. The smart-height system is configured to provide means for moving the vehicle seat to
a predetermined vertical position relative to the floor of the floor based on the longitudinal
position of the vehicle seat relative to the floor of the vehicle so that comfort and safety of a
passenger sitting on the vehicle seat are maximized.

[0006] In illustrative embodiments, the vehicle seat further includes an easy-entry
system. The easy-entry system is configured to provide means for moving the vehicle seat
between a predetermined entry arrangement which maximizes space formed between a rear seat
and the vehicle seat so that ease of entry into the rear seat is maximized and one of a previously

stored arrangement.
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[0007] Additional features of the present disclosure will become apparent to those
skilled in the art upon consideration of illustrative embodiments exemplifying the best mode of

carrying out the disclosure as presently perceived.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0008] The detailed description particularly refers to the accompanying figures in which:
[0009] Fig. 1A is a perspective and diagrammatic view of a vehicle seat in accordance
with the present disclosure showing that the vehicle seat includes a manual memory system
configured to provide infinite adjustment of a longitudinal position of the vehicle seat relative to
a vehicle floor and storage of those longitudinal positions for recall at a later time and an easy-
entry system configured to move the vehicle seat between a predetermined entry arrangement
and one of the previously stored positions;

[0010] Fig. 1B is a diagrammatic view of the vehicle seat of Fig. 1A showing how the
manual memory system is configured to allow a user to move the vehicle seat from a first
arrangement associated with a stored memory 1 to a second different arrangement associated
with a stored memory 2 without the use of electric motors and using only user-applied force;
[0011] Fig. 2 is a diagrammatic view of an occupant support system including a vehicle
seat, a remote interface that includes an interactive display, a first set of remote release buttons
coupled to a steering wheel, and another remote release button coupled to a seat back of the
vehicle seat;

[0012] Fig. 3 is a perspective and diagrammatic view of the vehicle seat of Fig. 1
showing that the manual-memory system includes a remote-actuation unit configured to provide
remote actuation of actuators included in the various systems of the vehicle seat, a position-
sensor unit configured to sense a longitudinal position of the vehicles seat, a vertical position of
the vehicle seat, and an angular position of the a seat back included in the vehicle seat, and a
longitudinal infinite lock unit configured to selectively block movement of the vehicle seat
relative to the vehicle floor along a longitudinal path at any position along the path;

[0013] Fig. 4 is a partial exploded assembly view and diagrammatic view of the vehicle
seat of Fig. 3 showing that the manual-memory system includes, from top to bottom, a
controller, a seat back-position sensor, a seat-back actuator, a longitudinal infinite-lock actuator,
a longitudinal position sensor, and a longitudinal infinite lock;

[0014] Fig. 5 is a partial elevation view a vehicle seat in accordance with the presnt
disclosure showing one embodiment of a seat-back position sensor coupled to both a seat back

and a seat bottom included in the vehicle seat;
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[0015] Fig. 6 is an enlarged portion of Fig. 5 showing the seat-back position sensor;
[0016] Fig. 7 is a partial perspective and diagrammatic view of a portion of the

longitudinal infinite lock unit coupled to a slide mechanism included in a seat-bottom foundation
of the vehicle seat and a longitudinal infinite-lock actuator coupled to a spring clamp included in
the longitudinal infinite lock unit;

[0017] Fig. 8 is an exploded assembly view of the spring clamp of Fig. 7 showing that
the spring clamp includes a guide rod coupled to the slide mechanism in a fixed position, a seat-
bottom mount coupled to the guide rod to slide back and forth along the guide rod, and a torsion
spring coupled to the guide rod to move between an engaged position in which a first friction
force engages the guide rod to block movement of the seat-bottom mount and seat-bottom
relative to the floor and a disengaged position in which a relatively smaller second force engages
the guide rod and allows movement of the seat-bottom relative to the floor;

[0018] Fig. 9 is a partial perspective and diagrammatic view of a portion of a
longitudinal position sensor in accordance with the present disclosure showing that the
longitudinal position sensor includes a potentiometer strip coupled in a fixed position to a
stationary portion of the slide mechanism and a deflector coupled to a moving portion of the
slide mechanism and configured to engage a portion of the potentiometer strip so that an
absolute location of the vehicle seat along the longitudinal path is known;

[0019] Fig. 10 is a diagrammatic view showing a portion of the longitudinal infinite lock
unit included in a vehicle seat;

[0020] Fig. 11 is a diagrammatic view taken from another perspective showing the
portion of the longitudinal infinite lock unit of Fig. 10;

[0021] Fig. 12 is a diagrammatic view of a longitudinal infinite-lock actuator coupled to
an underside of a seat bottom included in the vehicle seat of Figs. 10 and 11;

[0022] Fig. 13 is a diagrammatic view of a display screen shown on the interactive
display during use of the vehicle seat indicating that one or more positions of the vehicle seat
may be stored in memory of the controller;

[0023] Fig. 14 is a diagrammatic view of another display screen shown on the interactive
display during use of the vehicle seat indicating how to recall a saved position, how to store a
position in memory, and how to clear a position from memory;

[0024] Fig. 15 is a diagrammatic view showing a portion of a process in which an

arrangement of the vehicle seat is stored in memory;
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[0025] Fig. 16 is a diagrammatic view showing a portion of a process in which the stored
arrangement is recalled and the vehicles seat moves to the stored arrangement in response to
application of the user-applied force to the vehicle seat;

[0026] Fig. 17 is a perspective and diagrammatic view of the vehicle seat of Fig. 1
showing that the easy-entry system includes the remote-actuation unit, the position-sensor unit,
and the longitudinal infinite lock unit;

[0027] Fig. 18 is a diagrammatic view showing how a user engages the remote-actuation
unit to cause the vehicle seat to move to a predetermined entry arrangement in which the vehicle
seat moves to a forward most position along the longitudinal path and the seat back moves to a
forward most position relative to the seat bottom;

[0028] Fig. 19 is a view similar to Fig. 26 showing how the user engages the remote-
actuation unit to cause the vehicle seat to return to the previous arrangement (Memory 1) after
the passenger has entered the vehicle;

[0029] Fig. 20 is a diagrammatic view of a portion of process showing how the
controller uses the various sensors and systems to move the vehicle seat to the entry
arrangement;

[0030] Fig. 21 is a perspective and diagrammatic view of another embodiment of a
vehicle seat in accordance with the present disclosure showing that the vehicle seat includes the
manual memory system, the easy-entry system, and a smart-height system configured to move
the vehicle seat up and down relative to the floor of the vehicle and provide a predtermiend
vertical position of the vehicle seat between a predetermined entry arrangement and one of the
previously stored positions;

[0031]

[0032] Fig. 21 is a perspective and diagrammatic view of another embodiment of a
vehicle seat in accordance with the present disclosure showing that that the vehicle seat further
includes a smart-height system used to change a height of the vehicle seat relative to a floor of
the vehicle;

[0033] Fig. 22 is a perspective and diagrammatic view of the vehicle seat of Fig. 21
showing that the smart-height system includes the remote-actuation unit, the position-sensor
unit, the longitudinal infinite lock unit, and a smart-height mover configured to provide the
predetermined vertical position of the vehicle seat relative to the vehicle floor associated with

each longitudinal location of the vehicle seat;
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[0034] Fig. 23 is a partial exploded assembly view and diagrammatic view of the vehicle
seat of Figs. 21 and 22 showing that the smart-height system includes, from top to bottom, the
controller, the longitudinal infinite-lock actuator, the longitudinal infinite lock, a seat-height
mover, and a seat-height position sensor;

[0035] Fig. 24 is an enlarged partial perspective and diagrammatic view of the smart-
height system of Figs. 22 and 23 showing that the seat-height mover includes a seat-height
actuator, a seat-height input plate, and a seat-height support link and that the seat-height position
sensor is coupled to the seat-height support link to sense a position of the seat-height support
link;

[0036] Fig. 25 is a diagrammatic view of the seat-height position sensor included in a
smart-height system of Fig. 24 taken from another perspective;

[0037] Fig. 26 is a diagrammatic view of the vehicle seat of Figs. 21 and 22 with
portions broken away to reveal the seat-height mover, the longitudinal infinite lock, and the seat-
back actuator;

[0038] Fig. 27 is a diagrammatic view of another display screen shown on the interactive
display during use of the vehicle seat showing how the vertical position of the vehicle seat varies
according the longitudinal position of the vehicle seat and suggesting that variation from the
predetermined curve may be controlled according to various best-fit approximations;

[0039] Fig. 28 is a diagrammatic view showing a portion of a process in which a stored
arrangement including a vertical position of the vehicle seat is recalled and the controller
commands the vehicle seat to move to the stored arrangement;

[0040] Fig. 29 is a diagrammatic view showing a portion of a process in which a user
moves the vehicles seat manually along the longitudinal path and the controller causes the
vertical position of the vehicle seat to move along the predetermined vertical position associated
with the longitudinal position of the vehicle seat;

[0041] Fig. 30 is a perspective and diagrammatic view of a seat position sensing system
including a seat-orientation unit configured to sense an orientation of a vehicle floor and a seat
back relative to gravity so that a recline angle for the seat back relative to the vehicle floor may
be calculated, and a seat-motion controller configured to move or facilitate manual adjustment
of the seat back to predetermined angles of recline stored in the seat-motion controller; and
[0042] Fig. 30 is a perspective and diagrammatic view of another embodiment of a seat
position sensing system in accordance with the present disclosure showing that the seat-

orientation unit further includes a linear position sensor coupled to the seat bottom to move
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therewith and configured to provide measurements used to calculate a longitudinal position of

the vehicle seat relative to the vehicle floor.

DETAILED DESCRIPTION

[0043] An occupant support system 8 in accordance with the present disclosure is shown
diagrammatically in Figs. 1A and 1B and illustratively in Fig. 2. Occupant support system 8
includes a vehicle seat 10, a manual-memory system 12, and an easy-entry system 16 as shown
in Fig. 1. Manual-memory system 12 is configured to provide infinite adjustment of a
longitudinal position of vehicle seat 10 relative to a vehicle floor 18 without the use of powered
motors and recall of stored longitudinal positions for use at a later time as suggested in Figs. 3-
16. Easy-entry system 16 is configured to move vehicle seat between a predetermined entry
arrangement and one of the previously stored positions as suggested in Figs. 17-20.

[0044] Manual-memory system 12 and easy-entry system 16 are accessed, for example,
through use of a remote interface 22 as shown in Fig. 2. Remote interface 22 includes an
interactive display 24, a first set of remote release buttons 26 coupled to a steering wheel 28, and
another remote release button 30 coupled to a seat back 32 of vehicle seat 10. Interactive
display 24 is configured to provide graphical output to a passenger and receive input from the
passenger. Interactive display 24, first set of remote release buttons 26, and remote release
button 30 may be used to store, wipe, or recall various arrangement of vehicle seat 10.

[0045] Manual-memory system 12 is a manual-memory system configured to provide
means for adjusting infinitely a longitudinal position of vehicle seat 10 relative to floor 18
without the use of powered motors in response to application of a user-applied force F1 to 10
vehicle seat and locking vehicle seat 10 in a stored position as vehicle seat 10 moves into the
stored position as suggested in Fig. 1B. Manual memory system 12 includes a remote-actuation
unit 34, a position-sensor unit 36, and a longitudinal infinite lock unit 38 as shown in Figs. 3 and
4. Remote-actuation unit 34 is configured to provide remote actuation of actuators included in
the various systems of vehicle seat 10. Position-sensor unit 36 is configured to sense a
longitudinal position of vehicle seat 10, a vertical position of vehicle seat 10, and an angular
position of seat back 32 included in vehicle seat 10. Longitudinal infinite lock unit 38 is
configured to selectively block movement of vehicle seat 10 relative to the vehicle floor 18
along a longitudinal path at any position along the longitudinal path.

[0046] As shown in Fig. 4, manual-memory system 12 further includes a controller 42.
Controller 42 is a seat controller included in vehicle seat 10 in one example. In another

example, controller 42 is a controller included in the vehicle and not included in any specific
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vehicle seat or vehicle system. Controller 42 is coupled to remote interface 22 to send and
receive information. Controller 42 is further coupled to position-sensor unit 36 to receive sensor
data about vehicle seat 10. Controller 42 is also coupled to remote-actuation unit 34 to cause
longitudinal infinite lock unit 38 to move between engaged and disengaged positions.

[0047] Remote-actuation unit 34 includes remote interface 22, a longitudinal infinite-
lock actuator 44, and a seat-back actuator 46 as shown in Figs. 4, 7, and 12. Remote interface
22 receives signals provided by the passenger and communicates the signals to controller 42.
Controller 42 then issues appropriate commands to longitudinal infinite-lock actuator 44 and
seat-back actuator 46 to cause vehicle seat 10 to move in desirable ways.

[0048] Longitudinal infinite-lock actuator 44 causes longitudinal infinite lock unit 38 to
move between the engaged position in which longitudinal movement of vehicle seat 10 is
blocked and the disengaged position in which longitudinal movement of vehicle seat 10 is
allowed. As suggested in Figs. 4, 7, and 12, longitudinal infinite-lock actuator 44 is coupled an
underside of seat bottom 40 and is coupled to longitudinal infinite lock unit 38 by a pair of
Bowden cables 48A, 48B.

[0049] Seat-back actuator 46 causes seat back 32 to pivot back and forth relative to a
seat bottom 40. Seat-back actuator 46 is coupled to one side of seat back 32 as shown in Figs. 4
and 26.

[0050] Position-sensor unit 36 is coupled to controller 42 and configured to sense the
longitudinal position of vehicle seat 10, the vertical position of vehicle seat 10, and the angular
position of seat back 32 as various actuators 44, 46 move vehicle seat 10. As suggested in

Figs. 5, 6, 9, and 23, position-sensor unit 36 includes a longitudinal position sensor 50, a seat-
back position sensor 52, and a seat-height position sensor 54. Longitudinal position sensor 50
determines the longitudinal position of vehicle seat 10 along the longitudinal path of vehicle seat
10 relative to vehicle floor 18. Seat-back position sensor 52 determines an angular position of
seat back 32 relative to seat bottom 40. Seat-height position sensor 54 determines a vertical
position of vehicle seat 10 relative to vehicle floor 18.

[0051] One example of longitudinal position sensor 50 is shown in Fig. 9. Longitudinal
position sensor 50 includes a potentiometer strip 56 coupled in a fixed position to a stationary
portion of a slide mechanism 58 included in vehicle seat 10 and a deflector 60 coupled to a
moving portion of slide mechanism 58 as shown in Fig. 9. Deflector 60 is configured to engage

a portion of potentiometer strip so 56 that absolute location of seat bottom 40 is known.
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Controller 42 is coupled to longitudinal position sensor 50 to receive a signal therefrom
indicative of an absolute position of vehicle seat 10 relative to vehicle floor 18.

[0052] One example of seat-back position sensor 52 is shown in Figs. 5 and 6. Seat-
back position sensor 52 is, for example, a rotary potentiometer coupled to an inboard recliner
include in seat back 32. In another example, seat-back position sensor 52 is a hall-effect
actuator used as seat-back actuator 46. Controller 42 is coupled to seat-back position sensor 52
to receive a signal therefrom indicative of a position of seat back 32 relative to seat bottom 40.
[0053] Another example of longitudinal position sensor 50 and seat-back position sensor
52 are two separate accelerometers. Reference is hereby made to U.S. Provisional Application
No. 62/063,679 filed October 14, 2014 and entitled SEAT POSITION SENSING AND
ADJUSTMENT for disclosure relating to use of accelerometers in vehicles seat, which
application is hereby incorporated in its entirety herein.

[0054] Longitudinal infinite lock unit 38 is used by a passenger to selectively block or
allow translating movement of vehicle seat 10 relative to vehicle floor 18. Longitudinal infinite
lock unit 38 allows seat bottom 40 and seat back 32 to move on slide mechanism 58 included in
a seat-bottom foundation 62 and be retained at any one of an infinite positions along the
longitudinal path as suggested in Figs. 7-11. Longitudinal infinite lock unit 38 may be used in
cooperation with controller 42 and remote-actuation unit 34 or with a manual actuator in which
force is applied by the passenger.

[0055] Longitudinal infinite lock unit 38 includes a guide rod 64 coupled to slide
mechanism 58 in a fixed position, a seat-bottom mount 66 coupled to guide rod 64 to slide back
and forth along guide rod 64, and a spring clamp 68 as shown in Fig. 8. Spring clamp 68 is
coupled to guide rod 64 to move between an engaged position and a disengaged position. When
longitudinal infinite lock unit 38 is in the engaged position, a first friction force engages guide
rod 64 to block movement of seat-bottom mount 66 and seat bottom 40 relative to vehicle floor
18. When longitudinal infinite lock unit 38 is in the disengaged position, a relatively smaller
second force engages guide rod 64 and allows movement of seat bottom 40 relative to vehicle
floor 18. In one illustrative example, spring clamp 68 is a torsion spring and the torsion spring
is moved by the associated Bowden cable 48 which is coupled to longitudinal infinite-lock
actuator 44.

[0056] Longitudinal infinite lock unit 38 allows for the passenger to move vehicle seat
10 and lock it at any location along the longitudinal travel path of vehicle seat 10. Longitudinal

infinite lock unit 38 also provides for an enhanced more premium feel to the passenger while
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maximizing value and minimizing waste. Reference is hereby made to U.S. Provisional
Application No. 62/138,516 filed March 26, 2015 and entitled SEAT POSITION SENSING
AND ADJUSTMENT for disclosure relating to another longitudinal infinite lock unit, which
application is hereby incorporated in its entirety herein.

[0057] In one example of use, a passenger selects a preset or stored arrangement of
vehicle seat 10 using remote interface 22. The passenger may push one of remote release
buttons 26 or touch a graphic displayed on interactive display 24. As shown in Fig. 13, a first
graphic 70 is displayed which shows how vehicle seat 10 can be adjusted as a result of engaging
preset button 72. As a result of the passenger engaging preset button 72, controller 42 issues
commands to remote-actuation unit 34 to cause actuators to move allowing vehicle seat 10 and
seat back 32 to move until the preset arrangement is sensed by position-sensor unit 36.

[0058] Another graphic 74 which may be displayed on interactive display 24 is shown in
Fig. 14. Graphic 74 indicates how buttons on interactive display 24 and remote release buttons
26 may be used.

[0059] In one example, controller 42 causes graphics 70, 74 to be displayed on
interactive display 24. Controller 42 also stores one or more programs in memory included in
controller 42 that are executed by a processor include in controller 42. One example of a partial
process 100 is shown in Fig. 15 which is executed by controller 42. Another example of a
partial process 200 is shown in Fig. 16 which is executed by controller 42.

[0060] Process 100 includes a series of operations which provide an arrangement of
vehicle seat 10 that may be stored or discarded by controller 42. Process 100 begins with a
capture seat position operation 102 which causes controller 42 to receive signals from position-
sensor unit 36. Process 100 then proceeds to simultaneous operations 104, 106, 108 in which
longitudinal position sensor 50, seat-back position sensor 52, and seat-height position sensor 54
all provide signals to controller 42. Process 100 then proceeds to operation 110 in which the
provided signals are stored in memory as a preset arrangement of vehicle seat 10.

[0061] Process 200 includes a series of operations in which the preset arrangement is
recalled and the vehicle seat is moved to the preset arrangement as suggested in Fig. 16. Process
200 begins with a recall position operation 202 which causes controller 42 to begin process 200.
Process 200 then proceeds to an operation 204 in which controller 42 preset data stored in
memory. Next process 200 proceeds to operations 206, 208 in which signals from position-

sensor unit 36 are received.
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[0062] Process 200 then proceeds to an operation 210 to determine if the sensed
longitudinal position of the vehicle seat matches the stored longitudinal position. If the positions
match, process 200 proceed to operation 212 where longitudinal infinite lock unit 38 remains
locked. If the positions do not match, process 200 proceeds to operation 214 in which
longitudinal infinite lock unit 38 is unlocked. Process 200 then proceeds to an operation 216
which monitors longitudinal position of the vehicle seat 10 while vehicle seat is moved along the
longitudinal path. Process 200 then proceeds to an operation 218 in which the monitored
longitudinal location is compared to the stored longitudinal location. If the positions match,
process 200 proceed to operation 220 in which longitudinal infinite lock unit 38 is locked in
place at the right moment so that vehicle seat 10 is at the stored longitudinal location. If the
positions do not match, process 200 proceeds to back to operation 216.

[0063] After process 200 receives sensor signal from position-sensor unit 36 in operation
208, process 200 proceeds to an operation 222 in which the sensed seat-back position is
compared to the stored seat-back position. If the values agree, process 200 proceeds to an
operation 224 in which seat back 32 is locked in place. Process 200 then proceeds to an
operation 226 which terminates process 200 when the longitudinal positions also match. If the
values do not agree, process 200 proceeds to an operation 228 in which seat back 32 is released
to move relative to seat bottom 40. Process 200 then proceeds to an operation 230 in which
controller 42 predicts where to lock seat back 32 to cause seat back 32 to be in the stored seat-
back position. Process 200 then proceeds to an operation 232 which determines if seat back 32
is in a zone which will allow seat back 32 to be at the stored seat-back position when seat back
32 is locked. If seat back 32 is not in the zone, process 200 proceeds back to operation 232. If
seat back 32 is in the zone, process 200 proceeds to an operation 234 in which seat back 32 is
locked. Process 200 then proceeds to an operation 236 in which process 200 terminates when
vehicle seat 10 is in the stored longitudinal position.

[0064] Vehicle seat 10 in accordance with the present disclosure is shown in Fig. 17.
Vehicle seat 10 includes easy-entry system 16 configured to configured to move vehicle seat
between a predetermined entry arrangement and one of the previously stored positions as
suggested in Figs. 17-20.

[0065] Easy-entry system 16 includes remote-actuation unit 34, position-sensor unit 36,
seat-height mover 76, and longitudinal infinite lock unit 38 as shown in Fig. 17. In one example
use scenario, a rear passenger desires to make entry into a rear passenger seat easier. To do this,

the rear passenger engages remote release button 30 included in vehicle seat 10 to cause a signal



WO 2015/149059 PCT/US2015/023294

-11-

to be sent to controller 42. As a result, controller 42 immediately frees both longitudinal infinite
lock unit 38 and seat-back actuator 46 to move freely in response to application of force by the
rear passenger. The rear passenger then applies force to seat back 32 to cause vehicle seat 10 to
move to a forward-most position on the longitudinal path and seat back 32 to move a forward
most angle so that space between front vehicle seat 10F and rear vehicle seat 10R are maximized
as suggested in Fig. 18. Once front vehicle seat 10F is in the predetermined easy-entry
arrangement, controller 42 commands both longitudinal infinite lock unit 38 and seat-back
actuator 46 to lock in the predetermined easy-entry arrangement. Once rear passenger is seated
in rear vehicle seat 10R, the rear passenger engages remote release button 30 causing controller
42 to free both longitudinal infinite lock unit 38 and seat-back actuator 46 to move freely in
response to application of force by the rear passenger back to the previous position as suggested
in Fig. 19.

[0066] Controller 42 includes a process 500 stored in memory for using easy-entry
system 16 as suggested in Fig. 28. Process 500 includes a series of operations which provide for
use of easy-entry system 16. Process 500 begins with an operation 502 in which controller 42
receives a command from a passenger that causes controller 42 to begin process 500 as shown in
Fig. 24.

[0067] Process 500 then proceeds to an operation 504 in which position-sensor unit 36
provides sensor data to controller 42 for both longitudinal position and seat-back position for an
original arrangement. Process 500 then proceeds down two different paths depending on
whether controller 42 is in a sedan mode or a coupe mode.

[0068] Starting with the sedan mode, process 500 proceeds to operation 506 which is
anidentification that controller 42 is in the sedan mode. Process 500 then proceeds to an
operation 508 in which controller 42 commands seat-back actuator 46 to free seat back 32 to
move freely relative to seat bottom 40. Process 500 then proceeds to an operation 510 in which
seat-back position sensor 52 provides a signal indicative of seat-back position to controller 42.
Process 500 then proceeds to an operation 512 in which seat back 32 is moved to a forward most
position and locked in the forward-most position when seat back 32 reaches the forward most
position. Process 500 then proceeds to an operation 514 in which seat back 32 is manually
released to move freely. The manual release may be from either engagement directly of seat-
back actuator 46 or through engagement of remote release button 30. Process 500 then returns

to operation 510.
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[0069] Process 500 proceeds to an operation 516 instead of operation 510 when seat
back 32 is returned to the original arrangement. Process 500 then proceeds to an operation 518
in which the seat-back actuator 46 is locked blocking additional rotation of seat back 32 relative
to seat bottom 40.

[0070] Starting with the coupe mode, process 500 proceeds to operation 520 which is an
identification that controller 42 is in the coupe mode. Process 500 then proceeds to an operation
522 in which controller 42 commands seat-back actuator 46 and longitudinal infinite-lock
actuator 44 to free seat back 32 and vehicle seat 10 to move freely. Process 500 then proceeds
to an operation 524 in which a time interval passes and controller 42 commands longitudinal
infinite-lock actuator 44 to lock blocking movement of vehicle seat 10. Process 500 then
proceeds to an operation 526 in which seat-back position sensor 52 provides a signal indicative
of seat-back position to controller 42. Process 500 then proceeds to an operation 528 in which
seat back 32 is moved to the forward most position and locked in the forward-most position.
Process 500 then proceeds to an operation 530 in which seat back 32 is manually released to
move freely. The manual release may be from either engagement directly of seat-back actuator
46 or through engagement of remote release button 30. Process 500 then returns to operation
526.

[0071] Process 500 proceeds to an operation 532 instead of operation 510 when seat
back 32 is returned to the original arrangement. Process 500 then proceeds to an operation 534
in which the seat-back actuator 46 is locked blocking additional rotation of seat back 32 relative
to seat bottom 40. Process 500 then proceeds to an operation 536 in which controller 42
commands longitudinal infinite-lock actuator 44 to release allowing vehicle seat 10 to move
freely along the longitudinal path. Process 500 then proceeds to an operation 538 in which
position-sensor unit 36 provides the longitudinal position to the controller 42. Process 500 then
proceeds to an operation 540 in which controller 42 commands longitudinal infinite-lock
actuator 44 to lock when the vehicle seat is back at the original longitudinal position.

[0072] Another embodiment of a vehicle seat 810 in accordance with the present
disclosure is shown in Figs. 22 and 23. Vehicle seat 810 includes smart-height system 14
configured to provide a predetermined vertical position of vehicle seat 8§10 relative to vehicle
floor 18 associated with each longitudinal location of vehicle seat 10 so that comfort and safety
of a passenger are maximized as suggested in Figs. 22-29.

[0073] Smart-height system 14 includes remote-actuation unit 34, position-sensor unit

36, longitudinal infinite lock unit 38, and a seat-height mover 76 as shown in Figs. 22-24.
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Remote-actuation unit 34 is configured to provide remote actuation of actuators included in the
various systems of vehicle seat 810. Position-sensor unit 36 is configured to sense the
longitudinal position of vehicle seat 810, the vertical position of vehicle seat 8§10, and the
angular position of seat back 32. Longitudinal infinite lock unit 38 is configured to selectively
block movement of vehicle seat 810 relative to the vehicle floor 18 along the longitudinal path at
any position along the longitudinal path. Seat-height mover 76 is configured to provide the
predetermined vertical position of vehicle seat 810 relative to vehicle floor 18 associated with
each longitudinal location of vehicle seat 8§10 so that comfort and safety of a passenger are
maximized.

[0074] Seat-height mover 76 includes a seat-height actuator 78, a seat-height input plate
80, and a seat-height support link 82 as shown in Fig. 24. Seat-height input plate 80 is coupled
to seat bottom 40 to pivot back and forth relative to seat bottom 40. Seat-height support link 82
is arranged to extend between and interconnect seat-bottom foundation 62, seat bottom 40, and
seat-height input plate 80 as suggested in Fig. 24. Seat-height support link 82 is constrained to
pivot on a first end at seat-bottom foundation 62 and at an opposite second end by seat-height
input plate 80 and seat bottom 40. Seat-height actuator 78 is illustratively a motor having an
output configured to engage and move seat-height input plate 80 so that as seat-height actuator
78 actuates, the vertical position of vehicle seat 8§10 varies.

[0075] Position-sensor unit 36 is coupled to controller 42 and configured to sense the
longitudinal position of vehicle seat 10, the vertical position of vehicle seat 8§10, and the angular
position of seat back 32 as various actuators 44, 46, 78 move vehicle seat §10. As shown in
Figs. 24 and 25, position-sensor unit 36 further includes seat-height position sensor 54. Seat-
height position sensor 54 in one example is a linear potentiometer coupled to seat-bottom
foundation 62 in a fixed position and coupled to seat-height support link 82 to move therewith.
In another example, seat-height position sensor 54 is a hall-effect motor included in seat-height
actuator 78.

[0076] As suggested in Fig. 23, seat-height mover 76 is coupled to controller 42 and is
configured to respond to commands from controller 42. Controller 42 includes programming
which coordinates vertical and longitudinal movement of vehicle seat §10. Controller 42
determines relative vertical position and longitudinal position using an equation, chart, or table
to look up values for one when receiving the other value. In one example, a passenger provides

an input to controller 42 which indicates that vehicle seat 810 should be raised relative to vehicle
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floor 18. As a result, controller 42 causes a graphic 84 to be displayed on interactive display 24
as shown in Fig. 27.

[0077] In this use example, passenger has provided a command to controller 42 to cause
vehicle seat 810 to raise and move off an optimum-arrangement curve 86 as suggested in

Fig. 27. As aresult, controller 42 uses one of several best-fit approximations 88, 90, 92, 94 of
the new passenger-specific curve 96. Controller 42 may move along these new curves so as to
maximize comfort and accommodate the specific preferences of the passenger. While four
different curves are shown, any other curves may be used.

[0078] In one example, controller 42 causes graphics 70, 74 to be displayed on
interactive display 24. Controller 42 also stores one or more programs in memory included in
controller 42 that are executed by a processor include in controller 42. One example of a partial
process 100 is shown in Fig. 15 which is executed by controller 42. Another example of a
partial process 200 is shown in Fig. 16 which is executed by controller 42.

[0079] Controller 42 may execute an illustrative process 300 as shown, for example, in
Fig. 28. Process 300 includes a series of operations which provide an arrangement of vehicle
seat 10 that provides for recall of a vertical position of vehicle seat §10. Process 300 begins
with an operation 302 in which seat-position is recalled by a passenger. Process 300 then
proceeds to an operation 304 in which controller 42 retrieves a stored preset from memory that
includes a stored longitudinal position, a stored vertical position, and a stored seat-back position.
Process 300 then proceeds to an operation 306 in which seat-height position sensor 54 provides
a signal to controller 42 for comparison to stored vertical position.

[0080] Process 300 then proceeds to an operation 308 to determine if the stored vertical
position matches the sensed vertical position. If the values agree, process 300 proceeds to an
operation 310 in which the vertical position remains unchanged. Process 300 then proceeds to
an operation 312 which indicates that the vehicle seat has arrived at the stored preset. If the
values do not agree, process 300 proceeds to an operation 314 in which movement of vehicle
seat 10 is delayed based on the longitudinal position of vehicle seat 810.

[0081] Process 300 then proceeds in parallel to operation 316, 318 based on whether the
sensed vertical position is above or below the stored vertical position. If the sensed vertical
position is above the stored vertical position, process 300 proceeds to operation 316 and then
operation 320 in which seat-height actuator 78 is activated to cause vehicle seat §10 to move

down to a lower vertical position. If the sensed vertical position is below the stored vertical
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position, process 300 proceeds to operation 318 and then operation 322 in which seat-height
actuator 78 is activated to cause vehicle seat 810 to move up to a higher vertical position.
[0082] Process 300 then proceeds to an operation 324 in which controller 42 monitors
seat-height position sensor 54 and calculates a predicted vertical position of vehicle seat 810.
Process 300 then proceeds to an operation 326 which determines if the vertical position is in a
target zone which causes vehicle seat 810 to be at the stored vertical position if movement of
vehicle seat 810 stopped. If the predicted vertical position is in the target zone, process 300
proceeds to an operation 328 which causes seat-height actuator 78 to stop. Process 300 then
proceeds to an operation 330 which indicates that vehicle seat 810 is in the stored preset
arrangement. If the predicted vertical position is not in the target zone, process 300 returns to
operation 324.

[0083] Controller 42 may execute an illustrative process 400 as shown, for example, in
Fig. 29. Process 400 includes a series of operations which provide an arrangement of vehicle
seat 10 that coordinates vertical and longitudinal movement of vehicle seat §10. Process 400
begins with an operation 402 in which controller 42 receives a command from a passenger that
causes controller 42 to coordinate the vertical position of vehicle seat 10 with an input
longitudinal position of vehicle seat 810 as shown in Fig. 29.

[0084] Process 400 then proceeds to an operation 404 in which a passenger manually
adjusts a longitudinal position of vehicle seat 810. Process 400 then proceeds simultaneously to
three operations 406, 408, 410 associated with the mode of operation of vehicle seat §10. In
operation 406, seat height was set initially by the passenger in a manual action. In operation
408, seat height was set initially according to a preset arrangement of the vehicle seat. In
operation 410, seat height was set initially according to optimum-arrangement curve 86. If seat
height was initially set by either operation 406, 408, process 400 then proceeds to an operation
412 in which longitudinal position sensor 50 provides a sensor signal to controller 42 indicative
of the current longitudinal position of vehicle seat 810. Process 400 then proceeds to operation
414 which delays vertical adjustment of vehicle seat §10.

[0085] Process 400 then proceeds to an operation 416 in which seat-height position
sensor 54 also provides a sensor signal to controller 42 indicative of current vertical position of
vehicle seat 810. Process 400 then proceeds to an operation 418 in which controller determines
a target height using a table, equation, or a chart as shown in Fig. 27 using current sensed
longitudinal position. Process 400 then proceeds to an operation 420 which compares the sensed

vertical position with the target vertical position. If the sensed vertical position is above the
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target vertical position, process 400 proceeds to operation 424 and then operation 426 in which
seat-height actuator 78 is activated to cause vehicle seat 810 to move down to a lower vertical
position. If the sensed vertical position is below the target vertical position, process 400
proceeds to operation 426 and then operation 428 in which seat-height actuator 78 is activated to
cause vehicle seat 810 to move up to a higher vertical position.

[0086] Process 400 then proceeds to an operation 430 in which controller 42 monitors
seat-height position sensor 54 and calculates a predicted vertical position of vehicle seat 810.
Process 400 then proceeds to an operation 432 which determines if the vertical position is in a
target zone which causes vehicle seat 10 to be at the target vertical position if movement of
vehicle seat 810 is stopped. If the predicted vertical position is in the target zone, process 400
proceeds to an operation 434 which causes seat-height actuator 78 to stop. Process 400 then
proceeds to an operation 436 which indicates that vehicle seat 810 is in the target vertical
position. If the predicted vertical position is not in the target zone, process 400 returns to
operation 428.

[0087] Turning to Fig. 30, an illustrative embodiment of a seat position sensing system
600 in accordance with the present disclosure is shown. In some illustrative embodiments, seat
position sensing system 600 may calculate a recline angle for a seat back relative to a vehicle
floor, and in illustrative embodiments moves or facilitates manual adjustment the seat back to a
previously calculated, occupant-preferred recline angle in response to occupant instructions. In
some illustrative embodiments, seat position sensing system 600 also calculates a recline angle
for a seat back relative to a vehicle floor, and in addition calculates a longitudinal position of the
vehicle seat relative to the vehicle floor. Seat position sensing system 600 may further move or
facilitate manual adjustment of the seat back to a previously calculated, occupant-preferred
recline angle and moves or facilitates manual adjustment of the seat to a previously calculated,
occupant-preferred longitudinal position in response to occupant instructions.

[0088] Seat position sensing system 600 is used, for example, in a vehicle in connection
with a vehicle seat (e.g., such as those disclosed in any of Figs. 1 and 22) having a seat bottom
625 and a seat back 630. Seat bottom 625 includes a seat foundation 627 anchored to a vehicle
floor 635. Seat back 630 extends upwardly from seat bottom 625 and is rotationally movable in
relation to seat bottom 625 about pivot axis 695 through either powered or manual mechanisms,
as described herein. Variable angles of orientation exist among seat back 630, seat bottom 625,

vehicle floor 635, and a reference plane 640. Reference plane 640 provides a measurement
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reference for variable angles of orientation to be discussed herein, and is established such that a
gravity vector (g) extends normal to reference plane 640 as shown in Fig. 30.

[0089] Seat position sensing system 600 includes a seat-orientation unit 605 and a seat-
motion controller 610. Seat-orientation unit 605 senses orientations of seat back 630 and vehicle
floor 635 relative to gravity and communicates these orientations to seat-motion controller 610.
Seat-motion controller 610 calculates a vehicle incline angle, an actual seat back recline angle,
and an adjusted seat back recline angle relative to the vehicle incline angle. By calculating an
adjusted seat back recline angle relative to the vehicle incline angle, seat position sensing system
600 can sense and store a recline angle of seat back 630 in a manner that controls for uneven
terrain on which vehicle 643 may drive, such as inclined hills. This allows seat position sensing
system 600 to store occupant-preferred recline angles for seat back 630, and to later move or
facilitate manual adjustment of seat back 630 to occupant-preferred recline angles, regardless of
the terrain on which vehicle 643 is positioned. Seat-orientation unit 605 includes a vehicle
orientation sensor 609 and a seat-back sensor 607. Vehicle orientation sensor 609 is configured
to sense an orientation of vehicle 643, and in particular vehicle floor 635, relative to gravity.
Seat-back sensor 607 is configured to sense an orientation of seat back 630, and in particular a
recline angle of seat back 630, relative to gravity.

[0090] To sense an orientation of vehicle floor 635 relative to gravity, vehicle orientation
sensor 609 includes an accelerometer measuring and outputting accelerations (o), (), and (o)
relative to gravity along three directional axes x, y, and z, as suggested in Fig. 30. Vehicle
orientation sensor 609 communicates accelerations (o), (), and (a,) to seat-motion controller
610, which calculates a vehicle incline angle (84). Vehicle incline angle (8,) represents a
variable angle between reference plane 640 and vehicle floor 635. Thus, (84) may take on
smaller values when vehicle 643 is on flat terrain and may take on larger values when vehicle
643 is driving up a hill having a high grade. Accelerations (ay), (ay), and (0,) may be encoded
digitally and transmitted with any suitable resolution, and illustratively may be transmitted with
10 bit, or other suitable resolution. Vehicle orientation sensor 609 may discard a certain number
of least significant bits, such as the two least significant bits, to suppress noise.

[0091] To sense a recline angle of seat back 630 relative to gravity, seat-back sensor 607
includes an accelerometer measuring and outputting accelerations (8), (By), and (83,) relative to
gravity along three directional axes x, y, and z, as suggested in Fig. 30. Seat-back sensor 607
communicates accelerations (8x), (By), and (83,) to seat-motion controller 610, which calculates

an actual seat back recline angle (6). Actual seat back recline angle (0g) represents a variable
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angle between seat back 630 and reference plane 640. Thus, (8z) may take on larger values in
situations where seat back 630 is reclined backward, and may also take on larger values when
vehicle 643 is positioned on a hill having a high grade. Accelerations (B), (By), and (8,) may be
encoded digitally and transmitted with any suitable resolution, and illustratively may be
transmitted with 10 bit resolution. Seat-back sensor 607 may discard a certain number of least
significant bits, such as the two least significant bits, to suppress noise.

[0092] Seat-motion controller 610 then subtracts vehicle incline angle (84) from actual
seat back recline angle (0p) to calculate an adjusted seat back recline angle (6¢). Adjusted seat
back recline angle (6¢) represents a variable angle between seat back 630 and vehicle floor 635,
as suggested in Fig. 30. As a result, adjusted seat back recline angle (6¢) measures the seat back
recline angle, controlling for any uneven terrain that vehicle 643 may be driving on, such as an
inclined hill. Adjusted seat back recline angle (8¢) will take on larger values in situations where
seat back 630 reclines backward, but will generally not change when vehicle 643 moves from
flat terrain to inclined terrain and vice versa.

[0093] By calculating adjusted seat back recline angle (6¢), seat positioning system 600
can gauge an amount of seat back recline in a manner that is independent of terrain on which
vehicle 643 is driving. This is beneficial because the terrain may vary from one moment to the
next, causing variations in the angular orientation of vehicle 643. A vehicle occupant, however,
will generally seek a comfortable seat orientation relative to vehicle 643 regardless of angular
orientations of vehicle 643. As such, from an occupant comfort perspective, adjusted seat back
recline angle (8¢) is more relevant than actual seat back recline angle (9g).

[0094] Seat-motion controller includes a first angle calculator 650 for calculating vehicle
incline angle (04), a second angle calculator 651 for calculating actual seat back recline angle
(), and a position calculator 660 for computing adjusted seat back recline angle (8¢). To
calculate vehicle incline angle (0,), first angle calculator 650 uses mathematical formulae that
factor how vehicle incline angle (0,) varies as a function of accelerations (ay), (0y), and (0.,),
each of which are measured relative to gravity. In this illustrative embodiment, the formula
[arctan((0x)/(0))] is used to compute (0,4), as shown in Fig. 30. Similarly, second angle
calculator 651 uses mathematical formulae that factor how actual seat back recline angle (0p)
varies as a function of accelerations (Bx), (By), and (83,), each of which are measured relative to
gravity. In this illustrative embodiment, the formula [90° + arctan ((Bx)/ (3,))] is used to

compute (9p).
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[0095] Position calculator 660 computes adjusted seat back recline angle (8¢) as a
difference between actual seat back recline angle (05) and vehicle incline angle (8,) — i.e.,
[(BB)-(0A)]. This is because, as explained, adjusted seat back recline angle (6¢) represents a
recline angle of the seat back 630 relative to an incline angle of the vehicle, which enables the
seat position sensing system 600 to control for inclines on which the vehicle may be driving.
[0096] Another embodiment of a seat position sensing system 700 is illustrated in

Fig. 31. Seat position sensing system 700 enables the functionality of seat position sensing
system 600, and additionally calculates and stores a preferred longitudinal position of vehicle
seat 620. Thus, similar to seat position sensing system 600, seat position sensing system 700
calculates an adjusted seat back recline angle (6¢) for seat back 630 relative to vehicle floor 635.
Additionally, seat position sensing system 700 calculates a longitudinal position (d) of vehicle
seat 620, including seat bottom 625, relative to vehicle floor 635. In this illustrative
embodiment, longitudinal position (d) is measured from a front end 627a of seat foundation 627
to a reference point on vehicle floor 635 towards the front of the vehicle (e.g., near a gas pedal,
not shown). However, other reference points can be used to measure a longitudinal position of
vehicle seat 620, including any component in consistent movable relationship with vehicle seat
620 in combination with any component on or affixed to vehicle floor 635.

[0097] Seat position sensing system 700 includes a seat-orientation unit 705 and a seat-
motion controller 710. Similar to seat-orientation unit 605, discussed above, seat-orientation
unit 705 senses an orientation of seat back 630 and an orientation of vehicle floor 635. Seat-
orientation unit 705 additionally generates outputs from a linear position sensor 702, which are
used to compute longitudinal position (d) of vehicle seat bottom 625. Similar to seat-motion
controller 610, discussed above, seat-motion controller 710 calculates a vehicle incline angle, an
actual seat back recline angle, and an adjusted seat back recline angle relative to the vehicle
incline angle. Seat-motion controller 710 additionally calculates a rotation amount (p) of linear
position sensor 702, and uses rotation amount (p) to calculate a longitudinal position (d) seat
bottom 625 relative to vehicle floor 635.

[0098] Seat-orientation unit 705 includes several components that correspond to like
components described in connection with seat position sensing system 600. Illustratively, seat-
orientation unit 705 includes vehicle orientation sensor 609 to sense an orientation of vehicle
floor 635 relative to gravity by measuring and outputting accelerations (o), (ay), and (a,,). Seat-
orientation unit 705 also includes seat-back sensor 607 configured to sense an orientation of seat

back 630 relative to gravity by measuring and outputting accelerations (8x), (8y), and (8,).
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[0099] Likewise, seat-motion controller 710 includes several components that
correspond with components described in connection with seat position sensing system 600.
Thus, seat-motion controller 710 includes first angle calculator 650 for calculating vehicle
incline angle (04), second angle calculator 651 for calculating actual seat back recline angle (05),
and position calculator 660 for computing adjusted seat back recline angle (8¢). Seat-motion
controller 710 also includes memory 665 for storing preferred seat back recline angle (8¢(pref)),
occupant input 670 for receiving occupant inputs, memory recall 675 for retrieving preferred
seat back recline angle (8¢(pref)), and mover controller 680 and seat-back actuator 685 for either
powered rotation or to facilitate manual adjustment of seat back 630.

[00100] Seat-orientation unit 705 additionally includes linear position sensor 702.
Outputs from linear position sensor 702 are used by seat-motion controller 710 to compute
longitudinal position (d) of seat bottom 625. To generate outputs from which longitudinal
position (d) can be calculated, linear position sensor 702 may include an accelerometer that
rotates as seat bottom 625 is moved. The accelerometer may generate outputs that vary based on
rotation amount (p) of the accelerometer. Based on the outputs of the accelerometer, seat-
motion controller 710 computes rotation amount (p), as shown in Fig. 30. Position calculator
660 then converts rotation amount (p) to longitudinal position (d) based on predetermined
mathematical formulae.

[00101] It will be understood that the term algorithm or module as used herein does not
limit the functionality to particular physical modules, but may include any number of tangible
software and/or hardware components. In general, a computer program product in accordance
with one embodiment comprises a tangible computer usable medium (e.g., standard RAM, an
optical disc, a USB drive, or the like) having computer-readable program code embodied
therein, wherein the computer-readable program code is adapted to be executed by a processor
(working in connection with an operating system) to implement one or more functions and
methods as described below. In this regard, the program code may be implemented in any
desired language, and may be implemented as machine code, assembly code, byte code,
interpretable source code or the like (e.g., via C, C++, C#, Java, Actionscript, Objective-C,
Javascript, CSS, XML, etc.).

[00102] The following numbered clauses include embodiments that are contemplated and
non-limiting:

[00103] Clause 1. An occupant support system comprising
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[00104] a vehicle seat including a seat bottom and a seat back coupled to the seat bottom
to move relative to the seat bottom,
[00105] a foundation adapted to couple the vehicle seat to a floor of a vehicle for

movement back and forth relative to the floor, and

[00106] a manual-memory system configured to provide means for adjusting infinitely a
longitudinal position of the vehicle seat relative to a floor included in a vehicle without the use
of powered motors in response to application of a user-applied force to the vehicle seat and

locking the vehicle seat in a stored position as the vehicle seat moves into the stored position.

[00107] Clause 2. A method of arranging a vehicle seat, the method comprising the
steps of

[00108] providing a predetermined position of a vehicle seat included in a vehicle,
[00109] receiving a user input from a user interface included in a vehicle,

[00110] freeing the vehicle seat to move relative to a floor of the vehicle,

[00111] moving the vehicle seat relative to the floor without the use of force provided by

a powered device and under force applied by a user, and

[00112] locking the vehicle seat to block movement of the vehicle seat relative to the
floor when the vehicle seat is in the predetermined position.

[00113]

[00114] Clause 3. The occupant support system of any other clause, wherein the
manual-memory system includes a position-sensor unit coupled to the vehicle seat to sense a
position of the vehicle seat relative to the floor, a longitudinal lock unit coupled to the
foundation to move between a locking arrangement in which movement of the vehicle seat back
and forth is blocked and a freed arrangement in which the vehicle seat is free to move relative to
the floor, and a computer configured to provide means for receiving the position of the vehicle
as sensed by the position-sensor unit, determining when the vehicle seat will be in the stored
position, and commanding the longitudinal lock unit to engage to block movement of the vehicle
seat relative to the floor when the vehicle seat is in the stored position.

[00115] Clause 4. The occupant support system of any other clause, wherein the
manual-memory system further includes a remote-actuation unit coupled to the longitudinal lock
unit and the computer and is configured to receive commands from the computer to cause
longitudinal lock to move between the locked and the freed arrangements.

[00116] Clause 5. The occupant support system of any other clause, wherein the

remote-actuation unit includes remote interface coupled to the computer to receive user input
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and a longitudinal lock actuator coupled to the computer to receive commands from the
computer to cause the longitudinal lock actuator to engage and move the longitudinal lock unit
between the locked and freed arrangements.

[00117] Clause 6. The occupant support system of any other clause, wherein the
computer is further configured to receive a manual release signal from the remote interface and
command the longitudinal lock actuator to move the longitudinal lock unit to the freed
arrangement in response to receiving the manual release signal.

[00118] Clause 7. The occupant support system of any other clause, wherein the
computer is further configured to receive a manual engage signal from the remote interface and
command the longitudinal lock actuator to move the longitudinal lock unit to the locked
arrangement in response to receiving the manual engage signal.

[00119] Clause 8. The occupant support system of any other clause wherein the
computer is further configured to receive a store signal from the remote interface, determine the
position of the vehicle seat when the store signal is received, and store the position in memory
included in the computer as the stored position.

[00120] Clause 9. The occupant support system of any other clause, wherein the
manual-memory system further includes a seat-back lock coupled to the seat bottom and the seat
back to move between a blocking arrangement in which movement of the seat back relative to
the seat bottom about a pivot axis is blocked and a freeing arrangement in which the seat back is
free to pivot relative to the seat bottom and the computer configured is further configured
command the seat-back lock to move to the blocking arrangement when the vehicle seat is in the
stored position.

[00121] Clause 10. The occupant support system of any other clause, wherein the
manual-memory system further includes a remote-actuation unit coupled to the longitudinal lock
unit, the seat-back lock, and the computer and is configured to receive commands from the
computer to cause longitudinal lock to move between the locked and the freed arrangements and
the seat-back lock to move between the blocking and the freeing arrangements.

[00122] Clause 11. The occupant support system of any other clause, wherein the
remote-actuation unit includes remote interface coupled to the computer to receive user input, a
longitudinal lock actuator coupled to the computer to receive commands from the computer to
cause the longitudinal lock actuator to engage and move the longitudinal lock unit between the

locked and freed arrangements, and seat-back lock actuator coupled to the computer to receive
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commands from the computer to cause the seat-back lock actuator to engage and move the seat-
back lock blocking and the freeing arrangements.

[00123] Clause 12. The occupant support system of any other clause, wherein the
computer is further configured to receive a manual release signal from the remote interface and
command the longitudinal lock actuator to move the longitudinal lock unit to the freed
arrangement in response to receiving the manual release signal.

[00124] Clause 13. The occupant support system of any other clause, wherein the
computer is further configured to command seat-back lock actuator to move the seat-back lock
to the freeing arrangement in response to receiving the manual release signal.

[00125] Clause 14. The occupant support system of any other clause, wherein the
computer is further configured to receive a manual engage signal from the remote interface and
command the longitudinal lock actuator to move the longitudinal lock unit to the locked
arrangement in response to receiving the manual engage signal.

[00126] Clause 15. The occupant support system of any other clause, wherein the
computer is further configured to command the seat-back lock actuator to move the seat-back
lock to the blocking arrangement in response to receiving the manual engage signal.

[00127] Clause 16. The occupant support system of any other clause, wherein the
computer is further configured to receive a store signal from the remote interface, determine the
position of the vehicle seat when the store signal is received, and store the position in memory
included in the computer as the stored position.

[00128] Clause 17. The occupant support system of any other clause, wherein the
position-sensor unit includes a longitudinal position sensor coupled to the vehicle seat and
configured to sense a longitudinal position of the vehicle seat relative to the floor.

[00129] Clause 18. The occupant support system of any other clause, wherein the
longitudinal position sensor is an accelerometer coupled to the seat bottom to move relative to
the seat bottom as the seat bottom moves back and forth relative to the floor.

[00130] Clause 19. The occupant support system of any other clause, wherein the
position-sensor unit further includes a seat-back position sensor coupled to the vehicle seat and
configured to sense an angular position of the seat back relative to the seat bottom.

[00131] Clause 20. The occupant support system of any other clause, wherein the
seat-back position sensor is an accelerometer coupled to the seat back in a fixed position relative

to the seat back.



WO 2015/149059 PCT/US2015/023294

24-

[00132] Clause 21. The occupant support system of any other clause, wherein the
position-sensor unit further includes a seat-height position coupled to the vehicle seat and
configured to sense a height of the seat bottom above the floor of the vehicle.

[00133] Clause 22. The occupant support system of any other clause, wherein the
seat-height position sensor is an accelerometer coupled to the seat bottom to move relative to the
seat bottom.

[00134] Clause 23. The occupant support system of any other clause, wherein the
computer during the determining operation calculates a velocity of the vehicle seat using the
position sensed by the position-sensor unit and calculates a time when to send the command to
the longitudinal lock unit to block movement of the vehicle seat to cause the vehicle seat to be in
the stored position after the command is sent to the longitudinal lock unit.

[00135] Clause 24. The occupant support system of any other clause, wherein the
longitudinal lock unit is configured to provide means for blocking selectively movement of the
vehicle seat relative to the floor at any position along a predetermined path in response to a first
force being applied to the vehicle seat and for limiting movement of the vehicle seat relative to
the vehicle floor in response to a second force greater than the first force being applied to the
vehicle seat so that vehicle seat may be moved to the stored position in response to application
of the user-applied force.

[00136] Clause 25. The occupant support system of any other clause, wherein the
longitudinal lock unit includes an infinite lock arranged to block movement of the vehicle seat
relative to the vehicle floor in response to the first force being applied to the vehicle seat by the
occupant during use of the vehicle and an impact-load lock arranged to limit movement of the
vehicle seat relative to the vehicle floor in response to the second force load being applied to the
vehicle.

[00137] Clause 26. The method of any other clause, further comprising the step of
sensing a position of the vehicle seat relative to the floor.

[00138] Clause 27. The method of any other clause, further comprising the step of
determining a velocity of the vehicle seat during the moving step using the position provided
during the sensing step and determining when to perform the locking step using the velocity so
that the vehicle seat is in the predetermined position when the locking step is performed.
[00139] Clause 28. The method of any other clause, further comprising the step of
sensing a position of the vehicle seat relative to the floor and storing the position as a stored

position.
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[00140] Clause 29. The method of any other clause, wherein the sensing step and the
storing step both occur before the freeing step.
[00141] Clause 30. The method of any other clause, wherein the predetermined

position is an egress position in which the vehicle seat is moved away from a second vehicle seat
located behind the first vehicle seat to maximize space formed therebetween.

[00142] Clause 31. The method of any other clause, further comprising the steps of
receiving a second user input from the user interface after the locking step, freeing the vehicle
seat to move relative to the vehicle floor after the receiving the second user input step, moving
the vehicle seat relative to the floor without the use of force provided by a powered device and
under force applied by a user, and locking the vehicle seat to block movement of the vehicle seat
relative to the floor when the vehicle seat is in the stored position.

[00143] Clause 32. The method of any other clause, further comprising the step of
unlocking a seat back included in the vehicle seat to pivot relative to a seat bottom included in
the vehicle seat, pivoting the seat back relative to the seat bottom without the use of force
provided by a powered device and under force applied by the user, and locking the seat back to
block movement of the seat back relative to the seat bottom when the vehicle seat is in the stored
position.

[00144] Clause 33. The method of any other clause, wherein the unlocking step occurs
after the locking the vehicle seat step.

[00145] Clause 34. The method of any other clause, wherein the unlocking step occurs
at the same time as the freeing step.

[00146] Clause 35. The method of any other clause, wherein the unlocking step, the
pivoting step, and the locking the seat back step occur before the freeing step.

[00147] Clause 36. The method of any other clause, further comprising the steps of
sensing a position of the vehicle seat relative to the floor before the freeing step and storing the
position as a stored position after the sensing step and before the freeing step

[00148] Clause 37. The method of any other clause, the user input is a predetermined
pattern of forces applied to the user interface.

[00149] Clause 38. The method of any other clause, wherein the user interface is a
force sensor coupled to the vehicle seat and configured to sense force applied to the vehicle seat
by the user.

[00150] Clause 39. The method of any other clause, wherein the user input is a

predetermined pattern of forces applied to the user interface and the predetermined position is a
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cargo-loading position in which the vehicle seat is moved in a forward direction to maximize
storage space for cargo.

[00151] Clause 40. The method of any other clause, wherein the predetermined
pattern of forces is applied to the vehicle seat by the user using the cargo.

[00152] Clause 41. The method of any other clause, further comprising the step of
unlocking a seat back included in the vehicle seat to pivot relative to a seat bottom included in
the vehicle seat, pivoting the seat back relative to the seat bottom without the use of force
provided by a powered device and under force applied by the user, and locking the seat back to
block movement of the seat back relative to the seat bottom when the vehicle seat is in the
cargo-loading position.

[00153] Clause 42. The method of any other clause, wherein the unlocking step occurs

after the locking the vehicle seat step.
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CLAIMS

1. An occupant support system comprising

a vehicle seat including a seat bottom and a seat back coupled to the seat bottom
to move relative to the seat bottom,

a foundation adapted to couple the vehicle seat to a floor of a vehicle for
movement back and forth relative to the floor, and

a manual-memory system configured to provide means for adjusting infinitely a
longitudinal position of the vehicle seat relative to the floor without the use of powered motors
in response to application of a user-applied force to the vehicle seat by a user and locking the
vehicle seat in a stored position as the vehicle seat moves to the stored position.

2. The occupant support system of claim 1, wherein the manual-memory
system includes a position-sensor unit coupled to the vehicle seat to sense a position of the
vehicle seat relative to the floor, a longitudinal lock unit coupled to the foundation to move
between a locking arrangement in which movement of the vehicle seat back and forth is blocked
and a freed arrangement in which the vehicle seat is freed to move relative to the floor, and a
computer configured to provide means for receiving the position of the vehicle as sensed by the
position-sensor unit, determining when the vehicle seat will be in the stored position, and
commanding the longitudinal lock unit to block movement of the vehicle seat relative to the
floor when the vehicle seat is in the stored position.

3. The occupant support system of claim 2, wherein the manual-memory
system further includes a remote-actuation unit coupled to the longitudinal lock unit and the
computer and is configured to receive commands from the computer to cause the longitudinal
lock unit to move between the locking and the freed arrangements.

4. The occupant support system of claim 3, wherein the remote-actuation
unit includes remote interface coupled to the computer to receive a user input and a longitudinal
lock actuator coupled to the computer to receive commands from the computer to cause the
longitudinal lock actuator to engage and move the longitudinal lock unit between the locked and
freed arrangements.

5. The occupant support system of claim 4, wherein the computer is further
configured to receive a manual release signal from the remote interface and command the
longitudinal lock actuator to move the longitudinal lock unit to the freed arrangement in

response to receiving the manual release signal.
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6. The occupant support system of claim 5, wherein the computer is further
configured to receive a manual engage signal from the remote interface and command the
longitudinal lock actuator to move the longitudinal lock unit to the locking arrangement in
response to receiving the manual engage signal.

7. The occupant support system of claim 4, wherein the computer is further
configured to receive a store signal from the remote interface, determine the position of the
vehicle seat when the store signal is received, and store the position in memory included in the
computer as the stored position.

8. The occupant support system of claim 2, wherein the manual-memory
system further includes a seat-back lock coupled to the seat bottom and the seat back to move
between a blocking arrangement in which movement of the seat back relative to the seat bottom
about a pivot axis is blocked and a freeing arrangement in which the seat back is free to pivot
relative to the seat bottom and the computer configured is further configured command the seat-
back lock to move to the blocking arrangement when the vehicle seat is in the stored position.

0. The occupant support system of claim 8§, wherein the manual-memory
system further includes a remote-actuation unit coupled to the longitudinal lock unit, the seat-
back lock, and the computer and is configured to receive commands from the computer to cause
the longitudinal lock unit to move between the locked and the freed arrangements and the seat-
back lock to move between the blocking and the freeing arrangements.

10. The occupant support system of claim 9, wherein the remote-actuation
unit includes remote interface coupled to the computer to receive user input, a longitudinal lock
actuator coupled to the computer to receive commands from the computer to cause the
longitudinal lock actuator to engage and move the longitudinal lock unit between the locked and
freed arrangements, and seat-back lock actuator coupled to the computer to receive commands
from the computer to cause the seat-back lock actuator to engage and move the seat-back lock
blocking and the freeing arrangements.

11. The occupant support system of claim 10, wherein the computer is further
configured to receive a manual release signal from the remote interface and command the
longitudinal lock actuator to move the longitudinal lock unit to the freed arrangement in
response to receiving the manual release signal.

12. The occupant support system of claim 11, wherein the computer is further
configured to command the seat-back lock actuator to move the seat-back lock to the freeing

arrangement in response to receiving the manual release signal.
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13. The occupant support system of claim 11, wherein the computer is further
configured to receive a manual engage signal from the remote interface and command the
longitudinal lock actuator to move the longitudinal lock unit to the locking arrangement in
response to receiving the manual engage signal.

14. The occupant support system of claim 13, wherein the computer is further
configured to command the seat-back lock actuator to move the seat-back lock to the blocking
arrangement in response to receiving the manual engage signal.

15. The occupant support system of claim 10, wherein the computer is further
configured to receive a store signal from the remote interface, determine the position of the
vehicle seat when the store signal is received, and store the position in memory included in the
computer as the stored position.

16. The occupant support system of claim 2, wherein the position-sensor unit
includes a longitudinal position sensor coupled to the vehicle seat and configured to sense the
longitudinal position of the vehicle seat relative to the floor.

17. The occupant support system of claim 16, wherein the longitudinal
position sensor is an accelerometer coupled to the seat bottom to move relative to the seat
bottom as the seat bottom moves back and forth relative to the floor.

18. The occupant support system of claim 16, wherein the position-sensor
unit further includes a seat-back position sensor coupled to the vehicle seat and configured to
sense an angular position of the seat back relative to the seat bottom.

19. The occupant support system of claim 18, wherein the seat-back position
sensor is an accelerometer coupled to the seat back in a fixed position relative to the seat back.

20. The occupant support system of claim 18, wherein the position-sensor
unit further includes a seat-height position sensor coupled to the vehicle seat and configured to
sense a height of the seat bottom above the floor of the vehicle.

21. The occupant support system of claim 20, wherein the seat-height position
sensor is an accelerometer coupled to the seat bottom to move relative to the seat bottom.

22. The occupant support system of claim 2, wherein the computer during the
determining operation calculates a velocity of the vehicle seat using the position sensed by the
position-sensor unit and calculates a time when to send the command to the longitudinal lock
unit to block movement of the vehicle seat to cause the vehicle seat to be in the stored position

after the command is sent to the longitudinal lock unit.
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23. The occupant support system of claim 2, wherein the longitudinal lock
unit is configured to provide means for blocking selectively movement of the vehicle seat
relative to the floor at any position along a predetermined path in response to a first force being
applied to the vehicle seat and for limiting movement of the vehicle seat relative to the floor in
response to a second force greater than the first force being applied to the vehicle seat so that the
vehicle seat may be moved to the stored position in response to application of the user-applied
force.

24. The occupant support system of claim 23, wherein the longitudinal lock
unit includes an infinite lock arranged to block movement of the vehicle seat relative to the floor
in response to the first force being applied to the vehicle seat by the user during use of the
vehicle and an impact-load lock arranged to limit movement of the vehicle seat relative to the
floor in response to the second force being applied to the vehicle.

25. A method of arranging a vehicle seat, the method comprising the steps of

providing a predetermined position of a vehicle seat included in a vehicle,

receiving a user input from a user interface included in the vehicle,

freeing the vehicle seat to move relative to a floor of the vehicle,

moving the vehicle seat relative to the floor without the use of force provided by
a powered device and under force applied by a user, and

locking the vehicle seat to block movement of the vehicle seat relative to the
floor when the vehicle seat is in the predetermined position.

26. The method of claim 25, further comprising the step of sensing a position
of the vehicle seat relative to the floor.

27. The method of claim 26, further comprising the step of determining a
velocity of the vehicle seat during the moving step using the position provided during the
sensing step and determining when to perform the locking step using the velocity so that the
vehicle seat is in the predetermined position when the locking step is performed.

28. The method of claim 25, further comprising the step of sensing a position
of the vehicle seat relative to the floor and storing the position as a stored position.

29. The method of claim 28, wherein the sensing step and the storing step
both occur before the freeing step.

30. The method of claim 29, wherein the predetermined position is an egress
position in which the vehicle seat is moved away from a second vehicle seat located behind the

vehicle seat to maximize space formed therebetween.
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31. The method of claim 29, further comprising the steps of receiving a
second user input from the user interface after the locking step, freeing the vehicle seat to move
relative to the floor after the receiving the second user input step, moving the vehicle seat
relative to the floor without the use of force provided by a powered device and under force
applied by the user, and locking the vehicle seat to block movement of the vehicle seat relative
to the floor when the vehicle seat is in the stored position.

32. The method of claim 26, further comprising the step of unlocking a seat
back included in the vehicle seat to pivot relative to a seat bottom included in the vehicle seat,
pivoting the seat back relative to the seat bottom without the use of force provided by a powered
device and under force applied by the user, and locking the seat back to block movement of the
seat back relative to the seat bottom when the vehicle seat is in the predetermined position.

33. The method of claim 32, wherein the unlocking step occurs after the
locking the vehicle seat step.

34. The method of claim 32, wherein the unlocking step occurs at the same
time as the freeing step.

35. The method of claim 32, wherein the unlocking step, the pivoting step,
and the locking the seat back step occur before the freeing step.

36. The method of claim 25, further comprising the steps of sensing a position
of the vehicle seat relative to the floor before the freeing step and storing the position as a stored
position after the sensing step and before the freeing step.

37. The method of claim 36, the user input is a predetermined pattern of
forces applied to the user interface.

38. The method of claim 37, wherein the user interface is a force sensor
coupled to the vehicle seat and configured to sense force applied to the vehicle seat by the user.

39. The method of claim 36, wherein the user input is a predetermined pattern
of forces applied to the user interface and the predetermined position is a cargo-loading position
in which the vehicle seat is moved in a forward direction to maximize storage space for cargo.

40. The method of claim 39, wherein the predetermined pattern of forces is
applied to the vehicle seat by the user using the cargo.

41. The method of claim 39, further comprising the step of unlocking a seat
back included in the vehicle seat to pivot relative to a seat bottom included in the vehicle seat,

pivoting the seat back relative to the seat bottom without the use of force provided by a powered
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device and under force applied by the user, and locking the seat back to block movement of the
seat back relative to the seat bottom when the vehicle seat is in the cargo-loading position.
42. The method of claim 41, wherein the unlocking step occurs after the

locking the vehicle seat step.
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