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(54) Garage door opening system

(57)

Disclosed are a transmitter and controller (70) for a garage door opening system.

A first or a second signal is transmitted according to whether movement of the door and control of the
garage lights {81), or selective turning on or off only of the lights, is required.
Sensing of an obstruction overrides door movement, and controls the on and off state of the lights

when the door is in a safe position.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.



a
)




2|us

¢ 9ld

8 9¥ v
\ Addns | e N v
5 2t/ | wamod
N\ I
S6 /] S
,,,,,,,,,,,,,,,,,,,, SIHOLIMS yd 06
;o 1IAI
. 21l
31INOHOVL
F——————- ) Nm\
_
sy || —
Touirey | STIONINOSOXOIN Ny ——
NMOO +dn | | [ + T0HINOD TIVM
| 300030
_ orav AHONIN
| JUVIOA
08INCD N
_ on || > AAHV
I 8 98 /
IIIII = J 88
— — 01 -
s ~ ¢ot
/TN ¥IAIID3Y 4/
S oL

ow.\

[AY



3|us

ve Ol

i L A o
° |
; » @ — 96|
¢+—o9ldl] iMoo
o - Y yor 89 66 acH th
w702 >N 4] :
(ol ¥eloy  /gd y Xx

gL A0l 68y
NA—2120d  90d [—An-A0L =6LY
L Enﬁ 00d (0d ml.’lglu

L% eas azy L8E cae/

0ldL 95 19¢d & L2d ¢

——1€2d & £0d 55—y

[£d1g
031 AV¥O0Yd,
Z1a

—Lbzd  0gd[EC
8"

———S0d {950

%2001 —1¥0d  2950[0

(AOSTY LR

oot g

L]

AS+

[ S

AG+

A0L
¢y

o
¥19

0L

¢ 10N 33S NOLIVN3Ido L€d
34vSTIV4 ¥04 €10 1N)

44001 09
12 e
H (¢ (dove)
910 0 GIQ ) SgoXny
0gdl™  mz'oozg Yol 8l
LY
MZ'00Z
gy

ABC+



I |weS

. Sl

A__ " me wF
doronl £
NMOO! ;¢

b g7y

Iz

¢-\d
VHLN3N |

Nak ek ol

-~

NS+ 9y

0e
8GY

0¢e
82|

1932
NIW 30804 NG



12
3
S ——
\"%)

€1 OVION
N b ol
- |~ k
~ o >>u b, "
" m . 01108+0¢ . ~ X L 0Gedl
6 t " @ | \
1 “ £el m 8t qny Jnoge ﬂ_._v 4ny ik 4ny-
] 1 ] n_ \.¢ N
e ! £ | Rt P S wo=id R o 7168
[T L A —..F»||._|1||-- ............ |
gé._buz “ "ﬂ L€100¥02 " o | )4 )\/\/Wi. " QZWDO 121 °
Ll ! ) _ ww.&_H " 3L o AZ/iove O LN ]
o o, AW ! AN 3 62y vl <
! " > T
' 1 4 1
) 1 1A} — 6d 80 )
' | H g -O—e L an O] 1
S - < TH ad



6/ k3

VG Ol

w’ s A
092
T < . 00
1610° . HT0" |
AGX X < G
) _wm 4700" < 09¥ ¢
Swm” )Vx\a wn_o 862
294 ; .
. y
HT0" 1
1 doe 2
0£2 t '
r9c || . too,lh
| adoor V_NMM £ 49z1
0ct w0y 1_1 o1 3% 109 83d
dn 80 | Ldl e T \m 91
W= (" e Al Q _ ol 2Ll
1£9 Y4 gL s> CEC g HLOZ -1
9z 10 A 10 13
6GY 820 ’ . N\P %
822 0t do-
¢ —| oal L SH
zzz 4901 AT ot
% vl
2 1,
d .
¥y Y % +
. ) Hr0' 1

AG+



7 /s

(M) 37tv |
€12 T Wol
S1y

g3 "ol

¢8e \‘

1a 101
14%: ]

1531
'd’'L ONIMOL

oLy IM;.mo
6Y
AN \-vv>m+
A0LY
¢
) 0.2
101 ALY N /
Z )mm( AN “
% iMze
4do6¢ L2
010 _— %001
LY
AYANY

.W\\\Nw
| s,
x01 A
82y
91y
o 08z
cdl way ‘\\\\\
mm It
I
A:Q - on
1 _ h
IANNH
““ el
A
4210 S 3T M0 A
wol  Who+ x01 _ %01
M\ .
ot z1y LY




85
2 S

& i
~ 392 A p37
394 {3 a {Rssg P2l MICROCONTROL




L Ol

0¥9
020
1y
9¢9 !
0ZZN-1dS
4d001 5D €
ce9J |

4dS-0'1 %_5_.@

Iy ] AN K\E%)
AVL+ HNGZ €59

T

peo 71 \
£89 289

"INV 4001 80d

. —AAAA
659 909 0zt 2y
3d0C £q ot
AT 7 14001 4n00tL
0dN~3d0°S = 509 . H €
A8+ =L 013
e 4 R 2
B P
64 189 ¥i 809 1 ' 209 0.9 M
A0¢ aNod /J/MHHHHu _ v09 )/rnH11>N.
i 1 O —
r{ood :SZN.L.HM_HL €29 ¢ ow ” |nq
Z158d  SWINS ML+ | 7619 +013
21140d 2 vzdf
O—51120d § 16dig = <l
[Ve]
- w_lmh_ ~ Mwuﬂ. - pio| d0L ¥ ] O
w 0cd ol 4 { 0 o——8@
M w M” 2d e 0L by NmJ 029 ﬂ IMS
Z5d al 009 9.9
_ 11569 o g e Sy 0L | -

N %
619 g9 in

G/9
A8+

7
19 oy
| Ly
019

o) A0¢

._II\H LMS

)

0¢

GL9



LI 8 LIes L 87 LI 88 LI B9 LJ B0 LBLANK 39

_ ITUWer e WU sl e

Sync 1.0

Isync 3T 817 L 812 LI 813 LI 8124 LI 815 LI B8 Lf 817 L s1s 1 B19 L[| B20 LBLANK 37

FIG. 13

o
——_

F

A

ROLL B11

A CODE B10

ROLL B12

A CODE B9

ROLL B13

A CODE B8

ROLL B14

A CODE B7

ROLL B1S

A CODE B6

B10| [B11] [B12] [B13] [B14] [B15] JB16] [B17] B8] [B19] [B20]  BLANK 49

ROLL B16

A CODE BS

ROLL B17

A CODE B4

ROLL B18

B5][86][87] /881 [B9]]

A CODE B3

ROLL B19

B4

A CODE B2

B3

ROLL B20
MSB

A CODE B1 |z

B2

Sync 0.5

BLANK 48

B40

LSB
ROLL B1

B39
|

654

A CODE B20
SWITCH 10

ROLL B2

B38

A CODE B19
10 BIT O

ROLL B3

B37

A CODE B18
10 BIT 1
ROLL B4

A CODE B17
10 BIT 3

ROLL BS

A CODE B16

ROLL B6

A CODE B15

ROLL B7

B27] |828] |B29] [830] [B31] [B32] [B33] [634] [B35] [B36

A CODE B14

ROLL B8

A CODE B13

ROLL B9

A CODE B12

ROLL B10

A CODE B11

J~ Us21] [822 [823 [624] [829 [328] |

Sync 1.5

!

651

652

653

FIG. 8



%S

1

INCREMENT P~ S0

ROLLING CODE
BY 3

l

2

STORE ROLLING CODE [— 502
FOR NEXT

TRANSMISSION

|- 504

3
REVERSE ORDER (REVERSE MOST SIGNIFICANT DIGITS

OF BINARY DIGITS
IN ROLLING CODE WITH LEAST SIGNIFICANT DIGITS)

y
4
ZERO THE MOST | — 506
SIGNIFICANT DIGIT
OF ROLLING CODE

l

12 508
SET INITIAL BINARY |
ROLLING CODE T0 0

T0 FIG
98

FIG. 9A



2us

FROM
9A

5

510
SUBTRACT NEXT HIGHEST L/

POWER OF 3
FROM ROLLING CODE

o914
/_

7

INCREMENT NEXT MOST
SIGNIFICANT DIGIT
312 OR BINARY ROLLING CODE

YES

]

ADD NEXT HIGHEST ,/"5'6
POWER TO THREE
T0 ROLLING CODE

10 FIG
9C

9 518
NEXT HIGHEST |/~
POWER OF
THREE
520
10 NO
DONE?
YES
/‘ 522
13

CLEAR BIT COUNTER

&

FIG. 9B




FROM
98

524

3]s

528

~

INCREMENT BIT COUNTER

19

17
BLANK TIMER
ACTIVE?

NO

18
BLANK TIME
EXPIRED?

530~
N ¥ STOP BLANK
21 TIMER
INCREMENT

BIT COUNTER

534
oDD 22 EVEN
BIT COUNTER ODD ‘
536 l OR EVEN?
N\ 24
23 538
OUTPUT BIT \ 88{%&2%
T N
BIT COUNTER 2 OF FIXED OF ROLLING

542 540

AN

26
START BLANK
TIMER

544
YES

546 ~_
28

START BLANK
TIMER

25
IS BIT COUNTER
80?

27
IS BIT COUNTER
40?

FIG. 9C



a

AG+

~l

WrS Mye AUve Uve Ay
0C4S 62¥S BZHS [T¥S 9Ty %01 G2y
AN
AAAA
EEzuv
’ [ YE SaTAVE LLLKS ? A
O_ mu_h_ ﬁw ﬂ_u_ qw ALY 0L 22y
(0) . rélla. piA AV
01 18 1Es s b Ocy 0L 12y
01K US? R0L _H_BN.( U@g U "
A A I I O B = SiL
@mm ,Tm @Nm %m 8& 614 \
2 - _u o e I T R N 11
N 8& 20L _oz. 3 - 2]
e L b ki 81y 4! 6
T [*}] 11 .
) L0 ¢l 8 10
ALY ! 01 )
L1y »W L _
14001 ALY STIINO A
_ —AMA _]-
- oy | 2t nsra o] o BB Dol §
INI/09 96\5 ==
- - 48 x
— g lio 19 _m\oo W
mN 11 T j‘ 0Q OND
g0 " e #5/59 31 5100006z
9 " OIL/£9 0S/¥Ort—<{10 10N
! Loy 0¥ 102521 ——
FoommTTTT e _ In 4
_ ” )
| &SCW»QL.O L_W__ ERCIRAE > 900
! 60 —8) _ 1001 E\ %
| ]
! 1 %001 ! Y 9 AG+
_ _ ¥Q A_\. Sy _ 8iL oy 3y, wakd 20
1 ]
NG+ +870S0 coNL /.v T S S—
.................... vi/ 125 1O\ AR AY



ROLL B11

A CODE B10

ROLL B12

A CODE BS

ROLL B13

A CODE B8

ROLL B14

A CODE B7

ROLL B1S

A CODE B6

KOLL B16

A CODE BS

ROLL B17

A CODE B4

ROLL B18

A CODE B3

ROLL B1S

A CODE B2

ROLL B20
MSB

A CODE B1

BLANK 49

)

| |
737 738 739

|

|

| ) |
733 734 735

732

|

731

[1/81][82][83][B4][B5][B6][B7] B8] [B9][B10] [B11] [B12] [B13] [B14] [B15] [B16] [B17] [B18] [B19] [B20]

Sync 0.5 )

736

730

\S/Lk5

LSB

ROLL B!

A CODE B20
SWITCH 10
ROLL B2

A CODE B19
10 BIT O
ROLL B3

A CODE B18
10 BIT 1

ROLL B4

A CODE B17
10 BIT 3
ROLL BS

A CODE B16

ROLL B6
A CODE B15
ROLL B7

A CODE B14

ROLL B8
A CODE B13
ROLL BS
A CODE B12
ROLL B10

A CODE B11

BLANK 48

1 s21] | 822 | B23 |B24| | B25 |B26| [B27| |B28| |B29] |B30] [B31] [B32] [B33| [B34| [B35] [B36]| [B37] [B38| [B39] [B40]

|

) ) | |
743 745 746 747

742

)

741

Sync 1.5 )

749

748

744

740

FIG. Il



o[ 5

al

Ol

Ty
% 02z
191 AA
RIS TRES LY
ano] g =8
H i 79 vl
. iN2200° 8l1~
Y &%UN —— 12 bZL A #._wwo_ 02z
|ﬁ l\. avg VO T 2y
9Ll ozl
SM0E 0= ez oz oL 0¥ X
(9]
Q01 _L — = 9 1350 ssn ™ AL Al St
9T T 65! 2050 | evlh A T I
4d5-8'1 N M—ino bzl Vil MY 7
19 80 5\_ VoY AL b 4 %001 013
——| s 51 B VT 22 MW ofSo
_ sl 0L
d001 8d Y ot
AVL HNGZ €1 IS




17/45

802 N\

TURN TRANSISTOR 368b
ON AND 468 OFF

804

806 ~
PINS
SWITCH 39d
PO7 AND PO8 >
oW IS CLOSED
?
808 ~ NO
TRANSISTOR 368b
OFF
TRANSISTOR 369
ON
810 ¢
N PAUSE
812 B4~
PINS
PO7 AND POSS_YES g INO SWITCHES
LOW CLOSED —™
2
NO
816 ~ [ Paust
2 ms
818 820 ~
PINS YES
RIGHT SWITCH
PO7 AND P06 .
LOW 39b CLOSED
?
NO
822~ paust
16 ms
824 826\
PINS YES | VARIATION
PO7 AND PO SWITCH 39¢ F———
LOW CLOSED
NO 830 \ v

828
\INO SWITCHES

UPDATE SWITCHES

CLOSED

FIG. 14

1 STATUS AND
RETURN




IK/L\-S

19.196
CLEAR RADIO SUBROUTINE

19.197
IN A TEST
MODE (i.e. TEST FIXED
OR TEST ROLLING?)

/-52
19.198

ISOLATE LOWEST BIT OF
125ms TIMER TO OBTAIN
“COIN TOSS"VALUE.

54

19.199

CLEAR THE RADIO CODES
AND BLANK TIME AND
EXIT

WHAT WAS THE -0
RESULT OF THE COIN
56 y 8
19.200 SET MODE AS
SET MODE 25 FIXED ROLLING CODE TEST
v
19.202 60
set NuMger |
THRESHOLDS
l s 62
19.203

FIG. 15



19|us

19.205
SET NUMBER THRESHOLDS
SUBROUTINE

RADIO MODE?

FIXED OR ROLLING OR
FIXED TEST ROLLING TEST
V182 y 192
19.207 19.208
SET SYNC SET SYNC
THRESHOLD TO 2 ms THRESHOLD TO 1 ms
l 184 l 194
19.209 19.210
SET NUMBER OF BITS SET NUMBER OF BITS
PER WORD TO 10 PER WORD TO 20
l /-186 l /‘196
19.211 19.212
SET DECISION SET DECISION
THRESHOLD TO 0.768 ms THRESHOLD TO 0.450 ms
188
19.213
RETURN

FIG. 16



20/45

19.10
START DECODING
SUBROUTINE

l ya 546

19.11
RADIO INPUT PIN SIGNALS A
TRANSITION HAS OCCURRED

l /548
19.12
CAPTURE & CLEAR RADIO
INACTIVE TIMER.

550

AS IT A RISING EDG RISING EDGE

TRANSITION OR FALLING
EDGE TRANSITION? 552 l
N
19.15
FALLING EDGE STORE THE
/‘556 CAPTURED
TIMER VALUE
19.14 IN INACTIVE
STORE THE CAPTURED TIMER TIME
VALUE IN ACTIVE TIME REGISTER REGISTER
554—\ l
19.16
RETURN FROM
19.17 INTERRUPT

IS THE BIT
COUNTER =

0

FIG. I7A



Vs 568
19.27

CLEAR BIT COUNTER,
ROLLING CODE
REGISTER & FIXED
CODE REGISTER

2 /45

Vs 562

19.18
TEST: 20mS<INACTIVE
TIME<100mS

19.18
CLEAR BIT COUNTER,
ROLLING CODE
REGISTER & FIXED
CODE REGISTER

YES

19.31
SET FRAME 2 FLAG

e 576
19.70

CLEAR THE FIXED
KEYLESS CODE FLAG

NO

582
19.32

| RETURN FROM lagt—

T -

19.20
RETURN FROM

INTERRUPT

ye 570

INCREMENT
BIT COUNTER

572

19.28
IS THE ACTIVE
TIME LESS THAN THE
SYNC THRESHOLD?

578

19.69
WAS THE LAST SYN
RECEIVED ALSO LESS
THAN THE SYNC
THRESHOLD?

INTERRUPT

FIG. I7B

Vs 580
19.71

SET THE FIXED
KEYLESS CODE FLAG




22/ S

FIG. 18A

302

19.21
IS THE ACTIVE NO
PERIOD LESS THAN
5.16 mS?
306
19.22
IS THE INACTIVE NO
PERIOD LESS THAN >
?
5.16 mS? /_ 304
Y
19.24
YES /-308 CLEAR BIT COUNTERS,
ACTIVE AND INACTIVE
19.23 TIMERS, FIXED AND
INCREMENT BIT ROLLING CODE REGISTERS
COUNTER AND RETURN
/‘310
19.33
SUBTRACT ACTIVE TIME
FROM THE INACTIVE TIME
312 314
19.34 /
IS THE RESULTLTHE YES 19.35

COMPLEMENT OF THE
DECISION
THRESHOLD?

—% BIT VALUE=0

T0
188




23us

FROM
18A

316
318

YES 19.38
— BIT VALUE=2

19.36
IS THE RESULT>THE
DECISION THRESHOLD?

1937 L3
BIT VALUE = 1

322

19.72
ARE WE IN ROLLING CODE NO
(OR TEST ROLLING CODE)
MODE?

324

19.73 19.75 326
WAS THE BIT RECEIVED TORE TR X -
FIXED CODE OR - ST BE]T vKEuEF] D
NUMBER COUNTER?

COUNTER
328 330
19.74 332 19.76
STORE THE BIT AS [~ IS THIS ONE OF THE YES ST(;g-E"THE
NUMBER COUNTER TRAN%I#TST”ER ID RARE THE o

FIG. 18B



FROM
188

336

19.79
WAS THIS THE

19.80
STORE THE
FUNCTION

BIT VALUE

19.78

— STORE THE BIT INTO =
THE FIXED CODE

340

WAS THIS THE LAST

BIT OF THE WORD2—~"NO

RESET THE RADIO V™
BLANK TIMER

346

19.87
DO WE HAVE TWO
FULL WORDS OF RADIO
DATA?

FIG. 18C

/‘342

19.82
RETURN UNTIL NEXT
EDGE RECEIVED

348
19.88
RETURN AND WAIT
FOR NEXT WORD




19.89 350
ARE WE IN ROLLING
CODE OR ROLLING TEST
MODE?

19.86
RESTORE ROLLING COUNTER
FROM ENCRYPTED DATA

19.90
DO THE
TRANSMITTER ID
BITS INDICATE A KEYLESS
ENTRY TRANSMITTER?

19.91 358
IS THE
VACATION FLAG IN
NON-VOLATILE MEMORY

SET?

25 [us

L— 352

ya 356

354 19.121

SET FLAG FOR KEYLESS
ENTRY RECEIVED

360

REJECT CODE
AND RETURN

19.93 362

IS THE LEARN

NO

MODE SET?

FIG. 18D



752

19.96
DOES THE PRESENT
COUNTER MATCH THE

PREVIOUS COUNTER
RECEIVED?

YES

756

19.95
DOES THE

v /754

PRESENT FIXED CODE
MATCH THE PREVIOUS
FIXED CODE
RECEIVED?

NO

19.97
MOVE PRESENT CODE INTO
PAST CODE REGISTERS AND
RETURN

YES

758

19.98
WAS THE LEARN

NO  ~OPERATION PERFORMED

FROM THE WALL
CONTROL?

YES

FIG.

I9A




FROM) (FROM
19A 19A

19.99
ARE THE
WORKLIGHT AND

VACATION SWITCHES
BEING HELD?

19.100
ARE THE
VACATION AND
COMMAND SWITCHES

762

2'7/ w5

ya 763

19102
SET TRANSMITTER FUNCTION
AS WORKLIGHT SWITCH

YES

—P

764 Vs 765

19.103
SET TRANSMITTER FUNCTION
AS OPEN/CLOSE/STOP
TRANSMITTER

19.104
SET TRANSMITTER FUNCTION
AS STANDARD COMMAND
TRANSMITTER

19.105
IS THE

RECEIVED CODE
PRESENTLY IN THE RADIO
CODE MEMORY?

YES

19.109
ARE WE LOCKED
INTO A PERMANENT
(FIXED OR ROLLING)
RADIO MODE?

780

768

Ve 782

19.110
TAKE THE CURRENT RADIO TEST
MODE (FIXED TEST OR ROLL TEST)
AND SET IT AS THE PERMANANT
RADIO MODE.

l Ve 784
19.204

10 FIG
19C

SET NUMBER
THRESHOLDS

FIG. I9B



FROM
198

2% /L\_s

786

IS THE RADIO
CODE THE FIXED

YES
KEYLESS ENTRY CODE
0000 (i.e. SET
788
CODE A ROLLING CODE YES
KEYLESS ENTRY WITH A

FUNCTION (i.e. NON-
ENTER) KEY
PRESSED?

19.115
IS THE LEARN
MODE SET TO
LEARN AN OPEN/

789

YES

y

s 787

MODE.)

19.113
REJECT THE CODE AND
RETURN (REMAIN IN LEARN

-

CLOSE/STOP

19.111
WRITE THE RADIO FIXED
CODE INTO THE NEXT AVAILABLE

MEMORY LOCATION

19.116

PRESSED?

IS A KEY OTHER THAN
THE OPEN KEY

YES

790

FIG. 19C



29/us

FROM
@ ®

19.106 795
WRITE THE ROLLING
COUNTER INTO MEMORY

'

19.118 ;
FETCH THE CURRENT |~ >0
TRANSMITTER FUNCTION
BYTES

:

o 19.119
MODIFY THE CURRENT | — 797
TRANSMITTER IN THE

FUNCTION BITS

'

19.108

STORE THE TRANSMITTER Ve 798
FUNCTION BITS IN

NON-VOLATILE MEMORY

l

19.107 798
BLINK THE WORKLIGHT TO
INDICATE THE CODE IS
LEARNED

FIG. 19D



30,(4-5

402

19.22
DO THE ID
BITS INDICATE A
ROLLING CODE KEY-
LESS ENTRY ?

19.123 406
ARE WE
WITHIN THE 8 SEC
WINDOW FOR LEARN
FROM FIXED CODE

KEYLESS ENTRY?

HAS THE USER
ENTERED A 0000
KEYLESS ENTRY

YES

19.126
DOES THE
RECEIVED CODE
MATCH ONE IN THE
NON-VOLATILE

v/ 410
19.125
19.127 SET LEARN MODE
CLEAR RADIO CODE AND EXIT
AND EXIT

FIG. 20A



3I}u-$

414

19.128
ARE WE IN ROLLING
CODE MODE?

416

19.188

IS THE ROLLING NO

_~418
19.189

CODE COUNTER WITHIN

STORE COUNTER
IN NON-VOLOTILE
MEM.

422

19.129

DO THE FUNCTION YES

—® REJECT THE CODE
AND EXIT

424

19.131
TOGGLE THE WORKLIGHT,

BITS INDICATE A
LIGHT CONTROL?

426

19.130
DO THE FUNCTION
BITS INDICATE AN
OPEN/CLOSE/STOP
TRANSMITTER?

YES

P 428

19.133
SET A RADIO COMMAND
AND EXIT.

1 CLEAR THE RADIO, AND
EXIT

FIG. 20B



32 |us

a3anssl

. 202 "9l

ir16l

'\

(3ddOLS

¢NI
ATINIYEND
4000 3IVYV) 3HL

4000 3HL dOLS Ol
| ONVANOD vV 3NSSI

SI 3WVIS IVHM ONITIAVAL 16!
(56
" 9v
4000 353A3 0L
R g ot ONVANOD 3NSSI
nos 65161
o & ansst | 9§
———{ GNVANOD ON an TIAvaL 01
TGN 80 LN 1 pog 1y obst NVANOD 3NSSI
40 dNn ONITIAVAIL / 8¢1 61
NMOO ONITINVL =
or
LI NMOG

IV ¥0 03ddOLS

4000 I9VEVO L

N30 \_SI 3IVIS LvHM
dn ONIAVIL zc
40 03ddOLS
WM HOLIMS HOIHR
d0IS SN N3d0

V%4




3 }L\—S

450
SERIAL NUMBER
MATCH SERIAL
NUMBER STORED IN
NON-VOLATILE?

FROM
20A

NO

<)

454 * s 452
19.145
REJECT CODE
AND EXIT

IS THE ROLLING
COUNTER WITHIN THE
FORWARD WINDOW?

YES

P 456
19.147

UPDATE THE STORED
COUNTER TO MATCH THE
RECEIVED VALUE

458

19.148
WHICH CODE
RECEPTION MODE IS
SET?

LEARN TEMPORARY
PASSWORD DURATION

LEARN TEMPORARY
PASSWORD

FIG. 21A



R{TH IR

@

460
19.149
BOES THE USER-INPUT YES
PORTION OF THE CODE MATCH
THE STORED USER
PASSWORD? 470
19.152
NO WHICH FUNCTION
KEY WAS PRESSED?
46 ENTER
472
DOES THE USER-INPUT ya N
PORTION OF THE CODE MATCH >YES "9 153] #(OR O-ENTER)
THE STORED TEM,E’ORARY ISSUE A KEYLESS ENTRY +(OR 9-ENTER)
PASSWORD? RADIO COMMAND 474
) ya
19.154
464 4 BLINK THE WORKLIGHT
ya 6 8 TWICE AND SET THE
19.151 - WEJi? - \O STANDARD LEARN MODE
REJECT CODE
AND EXIT DOWN LIMIT?
YES
468
19.157
YES IS THE REMAINING
| NUMBER OF HOURS/
ACTIVATIONS
ZERO? /-476
N 19.155
BLINK THE WORKLIGHT THREE
TIMES AND SET THE LEARN
TEMPORARY PASSWORD MODE

FROM
FIG
21C

FIG. 2IB



25 /45

Fg%M TO FIG
21B 218

478
19.158
IS THE
TEMPORARY MODE
SET TO NUMBER OF
ACTIVATIONS?

YES

v /480
19.159
DECREMENT REMAINING
NUMBER OF ACTIVATIONS

FIG. 2IC



483

Vs
19.165

REJECT CODE

ENTER

USED TO TRANSMIT
THE CODE?

H(OR 9-ENTER)
Y #(OR O-ENTER)

489
19.167
SET THE TEMPORARY 19}68 L
MODE AS NUMBER OF | | SET THE TEMPORARY
MODE AS NUMBER OF
OPENINGS
491 ‘ 493
Y ya
19.169 19.170
STORE THE NUMBER BLINK THE WORKLIGHT
OF HOURS/OPENINGS ONCE AND EXIT
486
488
482
N0 resect
19.160
S T s> o
v
CODE? 19.162 /490
STORE THE USER INPUT
CODE AS THE TEMPORARY
PASSWORD
484
19161 |/
19.163 492
REJECT CODE BLINK THE WORKLIGHT FOUR}”™

TIMES AND SET THE LEARN
DURATION MODE

FIG. 22



19.120
TEST RADIO CODES FOR
MATCH SUBROUTINE

7S

19.171
FETCH ALL THE
TRANSMITTER TYPE CODES

866

19.173

POINT TO THE FIRST RADIO e
MEMORY LOCATION

868

19.174
ARE WE LEARNING AN
OPEN/CLOSE/STOP
RANSMITTER?,

872

19.175
IS THE CODE
IN THE CURRENT MEMORY
LOCATION AN OPEN/CLOSE/
STOP CODE?

FROM
FIG
238

FIG. 23A

870
19.176
SUBTRACT THE MEMORY

CODE FROM THE RECEIVED
CODE

e B74

19.177
SUBTRACT THE RECEIVED
CODE FROM THE MEMORY

CODE




FROM

876

DOES THE RECEIVED
CODE_MATCH THE CODE AT
THE CURRENT MEMORY.
LOCATION?

3% 1S

880
ya
19.187
RETURN THE ADDRESS
OF THE MATCH

RESULT OF THE

878

19.178
IS THE

SUBTRACTION
<=2?

YES

19.186
YES »| RETURN NO

19.179

POINT TO THE NEXT
MEMORY LOCATION

MATCH

FIG. 23B



3%/@5

19.190
TEST ROLLING CODE
COUNTER SUBROUTINE

19.191
SUBTRACT STORED ROLLING
COUNTER FROM RECEIVED

COUNTER
890
19.197
<0 dr RO <1000
ESULT
892 =0 OR >1000 ., 896
s Y / ya
19.194 19.193 19.195
RETURN BACKWARDS RETURN NO NEW RETURN WITHIN
WINDOW LOCK OUT CODE RECDIVED FORWARDS WINDOW

FIG. 24



L_‘._O/L\..S

19.225
ERASE RADIO MEMORY
SUBROUTINE

19.226

CLEAR ALL RADIO CODES| _ coc
(INCLUDING KEYLESS
TEMPORARY PASSWORD)

!

19.227

SET RADIO MODE IN —~688

NON-VOLATILE AS TESTING
FOR FIXED OR ROLLING

l

19.228

TEST

SET WORKING RADIO |~_ g0
MODE AS FIXED CODE

;

19.229

SET FIXED CODE [ 692
NUMBER THRESHOLDS

'

19.230
RETURN

694

FIG. 25



WS

YES

; e 908

19.235
SET IR BLOCK
(CONTINUOUSLY BLOCKED
BEAM)FLAG

19.231
TIMER INTERRUPT
SUBROUTINE

19.232
UPDATE ALL

SOFTWARE TIMERS

19.233
HAS THE 12 ms

19.234
IS THE BREAK

MORE THAN ONE IR
PULSE BEEN
MISSED?)

NO

/9
19.236

SET IR BREAK

FIG. 26A

> (SINGLE PULSE
MISSED) FLAG

l /912

19.252
RESET THE 12
ms IR TIMER

FLAG SET? (i.e. HAS

906

10

T0 FIG
268



L;.Q/L\-S

914

HAS MORE THAN
500 ms PASSED SINCE
A VALID RADIO CODE
WAS RECEIVED?

YES

/916
19.238 NO
CLEAR ‘RADIO
CURRENTLY ON AIR’

FLAG

4’
918
v/

19.253
EXIT

FIG, 26B



43 /qs

19.247
IR PROTECTOR PULSE
RECEIVED INTERRUPT

19.248
RESET THE IR
BREAK (SINGLE ™\_ 920
PULSE MISSING)

FLAG

!

19.249
RESET( THE IR
BLOCK (MULTIPLE
PULSES MISSING) | - 922
FLAG

l

19.250

RESET THE 12

ms IR PULSE [T\< 994
TIMER

!

19.251
EXIT [~ 926

FIG. 27



EVERY 15

k| 4

19.214
WITHIN MAIN LOOP

EVERY 1

SECONDS

928
/‘ NO

19.215
LOAD RADIO MODE
(FIXED,ROLLING, OR TEST)
FROM NON-VOLATILE
MEMORY

0
/‘93
18.216

SET NUMBER
THRESHOLDS

BREAK FLAG SET AND
IR PULSE MISSED)?2

19.222
IS THE DOOR AT THE
UP LIMIT?

19.223
IS THE WORKLIGHT
CURRENTLY OFF?

BLOCK FLAG CLEAR (FIRST

938

NO

HOUR

932

19.220
IS KEYLESS
TEMPORARY PASSWORD
ON TIMER?

YES

/934
19.219
IF TIMER IS
NON-ZEROQ,
DECREMENT TIMER

BLINK
LIGHT

942

S

YES 944
/

19.224
TURN ON THE WORKLIGHT

AND RESET THE 4.5 MINUTE

LIGHT TURN-OFF TIMER

# 946

19.217
™ RETURN [

FIG. 28




19.239
(WITHIN) TRAVELING DOWN
ROUTINE
19.240

IS A MEMORY
MATCHING (FIXED OR
ROLLING) KEYLESS ENTRY
TRANSMITTER ON THE

950

19.241
IS THE COMMAND
SWITCH BEING
HELD?

952

19.242
IS THE IR BREAK
FLAG SET?

YES

956

19.245
HAVE WE HIT THE
DOWN LIMIT?

YES

NO
/ 960
19.244
CONTINUE
TRAVELING
DOWN

FIG. 29

954
/'

19.243
REVERSE DOOR AND
SET OBSTRUCTION
FLAG

958
/

19.246
STOP AND SET STATE
AS STOPPED AT
DOWN LIMIT




10

15

20

25

30

35

2312540

TRANSMITTER AND CONTROLLER FOR A GARAGE DOOR
OPENING SYSTEM AND METHOD OF CONTROLLING

OPERATION OF SAME
BACKGROUND OF THE INVENTION

This invention relates to remotely controlled
garage door opening apparatus and more particularly, to
such apparatus integrally combined with remotely
controlled lighting.

Remotely controlled garage door openers include
associated garage lights which are turned on
automatically when a garage door movement is commanded
from a remote transmitter. A remote transmitter sends a
predetermined coded signal to which a receiver responds
by activating a garage door moving device and the
associated lights. The lights remain on for a preset
period of time to permit lighted use of the garage, then
automatically turn off.

With such known garage door openers, a user can
activate the system when preparing to leave a closed
garage and the lights will be turned on for the
predetermined period. If the user exits the garage
before the predetermined period expires, then a lighted
exit is provided. Similarly, when a user arrives at a
closed garage door, he or she can activate the door
opener, the door will open and the lights will be turned
on and remain on for the predetermined period. 1In the
ordinary situation, the user will enter the garage and
exit it again before the lights automatically turn off.
With known garage door opening systems, the lights of the
opening are turned on only as a part of implementing
normal door movement commands.

With the prior systems, a person who opens the
garage door but waits for whatever reason until after the
lights have turned back off to drive out of the garage
must do so in the dark. Also, a person who drives up to
an open garage door in the dark must drive into the
garage in the dark or close, then re-open, the door, to
achieve an open door with the lights on. Similarly, a
person without a door activating transmitter who
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approaches an open garage after its lights have turned
off, must enter a dark garage. These situations create
potential safety hazards and/or inconvenience on the part
of the person using the system. A need exists for
impfoved lighting arrangements in combination with garage
door openers to eliminate the aforementioned lighting
problems with prior garage door opening systems.

SUMMARY OF THE INVENTION

The need is met and a technical advance is
achieved in accordance with the invention, in which the
lights of the garage door opener are activatable by a
person at times when the door is not being moved.

In one embodiment of the invention, the remote
actuator (transmitter) of the garage door opener includes
a garage door control and a light control. A receiver of
the garage door opener responds to first signals
transmitted from the remote activator in response to
activation of the garage door control by opening and
closing the door:; both operations including turning the
lights for a predetermined period. The receiver of the
garage door opener additionally responds to second
signals from the remote actuator in response to
activating the light control and will turn the lights on
without moving the door. Such operation advantageously
allows the user to remotely turn the garage lights on
from the garage door remote actuator without moving the
door. Whenever the user has the garage door remote
actuator, he or she can turn the light on or off without
operating the garage door opening/closing mechanism.

Modern garage door openers also include a
safety arrangement consisting of a light beam directed
across the doorway and the opener permits door movement
only when no obstructions in the doorway are sensed by
the beam. Should the light beam be broken by an
obstruction, such as a person, the door will not be
permitted to close until the obstruction is removed and

the light beam circuit completed. 1In an embodiment of
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the present invention, upon sensing that the light beam
has been broken, a check is made to determine if the door
is stationary and open. If such is the case and the
lights are off, the lights of the garage door are turned
on. If the door is stationary and open and the lights
are on, a momentary turn-off of the lights is enabled.
The first situation above turns the lights on whenever a
person walks or drives into an open garage in which the
lights are off. This provides significant safety
advantages. The second situation of momentary blinking
of the lights notifies persons in the garage when someone

has entered the garage.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a garage having
mounted within it a garage door operator embodying the
present invention;

FIG. 2 is a block diagram of a controller
mounted within the head unit of the garage door operator
employed in the garage door operator shown in FIG. 1;

FIG. 3 is a schematic diagram of the controller
shown in block format in FIG. 27

FIG. 4 shows a power supply for use with the
apparatus; and

FIG. 5 is a detailed circuit description of the
radio receiver used in the apparatus;

FIG. 6 is a circuit diagram of a wall switch
used in the embodiment;

FIG. 7 is a circuit diagram of a rolling code
transmitter;

FIG. 8 is a representation of codes transmitted
by the rolling code transmitter of FIG. 7;

FIGS. 9A-9C are flow diagrams of the operation
of the rolling code transmitter of FIG. 7:

FIG. 10 is a circuit diagram of a keypad
transmitter;
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FIG. 11 is a representation of the codes
transmitted by the keypad transmitter of FIG. 10;

FIG. 12 is a circuit diagram of a fixed code
transmitter;

FIG. 13 is a representation of the codes
transmitted by the fixed code transmitter of FIG. 12;

FIG. 14 is a flow diagram of the interrogation
of the wall switch of FIG. 6;

FIG. 15 is a flow diagram of a clear radio
subroutine performed by a controller of the embodiment;

FIG. 16 is a flow diagram of a set number
thresholds subroutine;

FIGS. 17A and 17B are flow diagrams of the
beginning of radio code reception by the controller;

FIGS. 18A-18D are flow diagrams of the
reception of the code bites comprising full code words;

FIGS. 19A-D are flow diagrams of a learning
mode of the system;

FIGS. 20A-C are flow diagrams regarding the
interpretation of received codes;

FIGS. 21A-C and 22 are flow diagrams of the
interpretation of transmitted codes from keypad type
transmitters;

FIGS. 23A and 23B are flow diagrams of a test
radio code subroutine used in the system of FIG. 3;

FIG. 24 is a flow diagram of a test rolling
code counter subroutine;

FIG. 25 is a flow diagram of an erase radio
memory subroutine;

FIGS. 26A and 26B are flow diagrams of a timer
interrupt subroutine;

FIG. 27 is a flow diagram of a protector pulse
received routine;

FIG. 28 is a flow diagram of routines
periodically performed in the main programmed loop; and

FIG. 29 is a flow diagram of porticns of a

travelling down routine.



10

15

20

25

30

35

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings and especially to
FIG. 1, more specifically a movable barrier door operator
or garage door operator is generally shown therein and
referred to by numeral 10 includes a head unit 12 mounted
within a garage 14. More specifically, the head unit 12
is mounted to the ceiling of the garage 14 and includes a
rail 18 extending therefrom with a releasable trolley 20
attached having an arm 22 extending to a multiple paneled
garage door 24 positioned for movement along a pair of
door rails 26 and 28. The system includes a hand-held
transmitter unit 30 adapted to send signals to an antenna
32 positioned on the head unit 12 and coupled to a
receiver as will appear hereinafter. Aan external control
pad 34 is positioned on the outside of the garage having
a plurality of buttons thereon and communicate via radio
frequency transmission with an antenna 32 of the head
unit 12. A switch module 39 is mounted on a wall of the
garage. The switch module 39 is connected to the head
unit by a pair of wires 39a. The switch module 39
includes a light switch 39b, a lock switch 39c and a
command switch 39d. An optical emitter 42 is connected
via a power and signal line 44 to the head unit. Aan
optical detector 46 is connected via a wire 48 to the
head unit 12.

As shown in FIG. 2, the garage door operator
10, which includes the head unit 12 has a controller 70
which includes the antenna 32. The controller 70
includes a power supply 72 (FIG. 4) which receives
alternating current from an alternating current source,
such as 110 volt AC, and converts the alternating current
to required levels of DC voltage. The controller 70
includes a super-regenerative receiver 80 (FIG. 5)
coupled via a line 82 to supply demodulated digital
signals to a microcontroller 84. The receiver 80 is
energized by the power supply 72. The microcontroller is
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also coupled by a bus 86 to a non-volatile memory 88,
which non-volatile memory stores user codes, and other
digital data related to the operation of the control
unit. An obstacle detector 90, which comprises the
emitter 42 and infrared detector 46 is coupled via an
obstacle detector bus 92 to the microcontroller. The
obstacle detector bus 92 includes lines 44 and 48. The
wall switch 39 (FIG. 6) is connected via the connecting
wires 39a to the microcontroller 84. The microcontroller
84, in response to switch closures and received codes,
will send signals over a relay logic line 102 to a relay
logic module 104 connected to an alternating current
motor 106 having a power take-off shaft 108 coupled to
the transmission 18 of the garage door operator. A
tachometer 110 is coupled to the shaft 108 and provides
an RPM signal on a tachometer line 112 to the
microcontroller 84; the tachometer signal being
indicative of the speed of rotation of the motcr. The
apparatus also includes up limit switches 93a and down
limit switches 93b which respectively sense when the door
24 is fully open of fully closed. The limit switches are
shown in FIG. 2 as a functional box 93 connected to
microcontroller 84 by leads 95.

FIG. 4 shows the power supply 72 for energizing
the DC powered apparatus of FIG. 2. A transformer 130
receives alternating current on leads 132 and 134 from an
external source of alternating current. The transformer
steps down the voltage to 24 volts and the reduced feeds
alternating current is rectified by a plurality of diodes
133. The resulting direct current is connected to a pair
of capacitors 138 and 140 which provide a filtering
function. A 28 volt filtered DC potential is supplied at
a line 76. The DC potential is fed through a resistor
142 across a pair of filter capacitors 144 and 146, which
are connected to a 5 volt voltage regulator 150, which
supplies regulated 5 volt output voltage across a
capacitor 152 and a Zener diode 154 to a line 74.
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The controller 70 is capable of receiving and
responding to a plurality of types of code transmitters
such as the multibutton rolling code transmitter 30,
single button fixed code transmitter 31 'and keypad type
door frame mount transmitter 34 (called keyless).

Referring now to FIG. 7, the transmitter 30 is
shown therein and includes a battery 670 connected to
three pushbutton switches 675, 676 and 677. When one of
the pushbutton switches is pressed, a power supply at 674
is enabled which powers the remaining circuitry for the
transmission of security codes. The primary control of
the transmitter 30 is performed by a microcontroller 678
which is connected by a serial bus 679 to a non-volatile
memory 680. An output bus 681 connects the
microcontroller to a radioc frequency oscillator 682. The
microcontroller 678 produces coded signals when a button
675, 676 or 677 is pushed causing the output of the RF
oscillator 682 to be amplitude modulated to supply a
radio frequency signal at an antenna 683 connected
thereto. When switch 675 is closed, power is supplied
through a diode 600 to a capacitor 602 to supply a 7.1
volt voltage at a lead 603 connected thereto. A light
emitting diode 604 indicates that a transmitter button
has been pushed and provides a voltage to a lead 605
connected thereto. The voltage at conductor 605 is
applied via a conductor 675 to power microcontroller 678
which is a Zilog 125C0113 8-bit in this embodiment. The
signal from switch 675 is also sent via a resistor 610
through a lead 611 to a P32 pin of the microcontroller
678. Likewise, when a switch 676 is closed, current is
fed through a diode 614 to the lead 603 also causing the
crystal 608 to be energized, powering up the
microcontroller at the same time that pin P33 of the
microcontroller is pulled up. Similarly, when a switch
677 is closed, power is fed through a diode 619 to the
crystal 608 as well as pull up voltage being provided
through a resistor 620 to the pin P31.
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The microcontroller 678 is coupled via the
serial bus 679 to a chip select port, a clock port and a
DI port to which and from which serial data may be
written and read and to which addresses may be applied.
As will be seen hereinafter in the operation of the
microcontroller, the microcontroller 678 produces output
signals at the lead 681, which are supplied to a resistor
625 which is coupled to a voltage dividing resistor 626
feeding signals to the lead 627. A 30-nanochenry inductor
628 is coupled to an NPN transistor 629 at its base 620.
The transistor 629 has a collector 631 and an emitter
632. The collector 631 is connected to the antenna 683
which, in this case, comprises a printed circuit board,
loop antenna having an inductance of 25-nanchenries,
comprising a portion of the tank circuit with a capacitoer
633, a variable capacitor 634 for tuning, a capacitor 635
and a capacitor 636. A 30-nanohenry inductor 638 is
coupled via a capacitor 639 to ground. The capacitor has
a resistor 640 connected in parallel with it to ground.
When the output from lead 681 is driven high by the
microcontroller, the capacitor Ql is switched on causing
the tank circuit to output a signal on the antenna 683.
When the capacitor is switched off, the output to the
drive the tank circuit is extinguished causing the radio
frequency signal at the antenna 683 also to be
extinguished.

Microcontroller 678 reads a counter value from
nonvolatile memory 680 and generates therefrom a 20-bit
(trinary) rolling code. The 20-bit rolling code is
interleaved with a 20-bit fixed code stored in the
nonvolatile memory 680 to form a 40-bit (trinary) code as
shown in FIG. 8. The "fixed" code portion includes 3
bits 651, 652 and 653 (FIG. 8) which identify the type of
transmitter sending the code and a function bit 654.
Since bit 654 is a trinary bit, it is used to identify
which of the three switches, 675, 676 or 677 was pushed.

Referring now to FIGS. 9A through 9C, the flow

chart set forth therein describes the operation of the
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transmitter 30. A rolling code from nonvolatile memory
is incremented by three in a step 500, followed by the
rolling code being stored for the next transmission from
the transmitter when a transmitter button is pushed. The
order of the binary digits in the rolling code is
inverted or mirrored in a step 504, following which in a
step 506, the most significant digit is converted to zero
effectively truncating the binary rolling code. The
rolling code is then changed toc a trinary code having
values 0, 1 and 2 and the initial trinary rolling code is
set to 0. It may be appreciated that it is trinary code
which is actually used to modify the radio frequency
oscillator signal and the trinary code is best seen in
FIG. 8. It may be noted that the bit timing in FIG. 8
for a 0 is 1.5 milliseconds down time and 0.5 millisecond
up time, for a 1, 1 millisecond down and 1 millisecond up
and for a 2, 0.5 millisecond down and 1.5 milliseconds
up. The up time is actually the active time when carrier
is being generated. The down time is inactive when the
carrier is cut off. The codes are assembled in two
frames, each of 20 trinary bits, with the first frame
being identified by a 0.5 millisecond sync bit and the
second frame being identified by a 1.5 millisecond sync
bit.

In a step 510, the next highest power of 3 is
subtracted from the rolling code and a test is made in a
step 512 to determine if the result is equal to zero. 1If
it is, the next most significant digit of the binary
rolling code is incremented in a step 514, following'
which flow is returned to the step 510. If the result is
not greater than 0, the next highest power of 3 is added
to the rolling code in the step 516. In the step 518,
another highest power of 3 is incremented and in a step
520, a test is determined as to whether the rolling code
is completed. 1If it is not, control is transferred back
to step 510. If it has, control is transferred to step
522 to clear the bit counter. 1In a step 524, the blank
timer is tested to determine whether it is active or not.
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If it is not, a test is made in a step 526 to determine
whether the blank time has expired. If the blank time
has not expired, control is transferred to a step 528 in
which the bit counter is incremented, following which
control is transferred back to the decision step 524. If
the blank time has expired as measured in decision step
526, the blank timer is stopped in a step 530 and the bit
counter is incremented in a step 532. The bit counter is
then tested for odd or even in a step 534. If the bit
counter is not even, control is transferred to a step 536
where the bit of the fixed code bit counter divided by 2
is output. If the bit counter is even, the rolling code
bit counter divided by 2 is output in a step 538. By the
operation of 534, 536 and 538, the rolling code bits and
fixed code bits are alternately transmitted. The bit
counter is tested to determine whether it is set to equal
to 80 in a step 540. If it is, the blank timer is
started in a step 542. If it is not, the bit counter is
tested for whether it is equal to 40 in a step 544. If
it is, the blank timer is tested and is started in a step
544. If the bit counter is not equal to 40, control is
transferred back to step 522.

FIG. 10 shows a keypad type rolling code
transmitter 34 which is sometimes referred to as a
keyless transmitter because it replaces an old style
entry in which a physical key was used. Transmitter 34
includes a microprocessor 715 and non-volatile memory 717
powered by a switched battery 719. Also included are 13
keys 710-713 connected in row and column format. The
battery 719 is not normally supplying power to the
transmitter. When a button, e.g. 701, is pressed,
current flows through series connected resistors 714 and
716 and through the pressed switch to ground. Voltage
division by resistors 714 and 716 causes the power supply
720 to be switched on, supplying power from battery 719
to microprocessor 715, memory 717 and an RF transmitter
stage 721. 1Initially, microprocessor 715 enables a power

on circuit 723 to cause a transistor 724 to conduct,
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thereby keeping the power supply 720 active.
Microprocessor 715 includes a timer which disables power
on circuit 723 a predetermined period of time, e.g. 10
seconds, after the last key 701-713 is pressed, to
presérve battery life.

The row and column conductors are repeatedly
sensed at input terminals LO-L7 of the microprocessor 715
so that microprocessor 715 can read each key pressed and
store a representation thereof. A human operator presses
a number of, for example, four keys followed by pressing
the enter key 712, the * key 711 or the # key 713. When
one of the keys 711-713 is pressed, microprocessor 715
generates a 40-bit (trinary) code which is sent via
conductors 722 to transmitter stage 721 for transmission.
The code is formed by microprocessor 715 from a fixed
code portion and a rolling code portion in the manner
previously described with regard to transmitter 30. The
fixed code portion comprises, however, a serial number
associated with the transmitter 34 and a key press
portion identifying the four keys pressed and which of
the three keys 711-713 initiated the transmission. FIG.
11 represents the code transmitted by keypad transmitter
34. As with prior rolling code transmission, the code
consists of alternating fixed and rolling code bits
(trinary). Bits 730-749 are the fixed code bits. Bits
730-739 represent the keys pressed and bits 740-748
represent the serial number of the unit in which bits
746-748 represent the type of transmitter. 1In some
transmitters 34 no * and # keys are present. In this
situation the * and # keys are respectively simulated by
simultaneously pressing the 9 key and enter key or the 0
key and enter Kkey.

FIG. 12 is a circuit description of a fixed
code transmitter 31 which includes a controller 155, a
pair of switches 113 and 115, a battery 114 and an RF
transmitter stage 161 of the type discussed above.
Controller 155 is a relatively simple device and may be a
combination logic circuit. Controller 155 permanently
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stores 19 bits (trinary) of the 20 bit fixed code (FIG.
13) to be transmitted. When a switch, e.g., 113, is
pressed, current from the battery 114 is applied via the
switch 113 and a diode 117 to a 7.1 volt source 116 which
powers RF transmitter stage 161. The 7.1 volt source is
also connected to ground via a LED 120 and Zener diode
121 which produces a regulated 5.1 volt source 118. The
5.1 volt source is connected to power the controller 155.

Closing switch 113 also applies battery voltage
to series connected resistors 123 and 127 so that upon
switch 113 closing, a voltage‘on a conductor 122 rises
from substantially ground to an amount representing a
logic "1". Upon power up, controller 155 reads the logic
1 on conductor 122 and generates a 20 bit (trinary) code
from the permanently stored 19 bits integral to the
controller and the state of the switch 113. Controller
155 then transmits the 20 bit code to the RF stage 161
via a resistor 159 and conductor 157. The code is thus
transmitted to receiver 80. Controller 155 includes an
internal oscillator regulated by an RC circuit 124 to
control the timing of controller operations.

FIG. 13 represents the code transmitted from a
fixed code transmitter such as transmitter 30. The code
comprises 20 bits in two 10 bit words with a blank period
between the words. Each word is preceded by a sync bit
which allows receiver synchronization and which
identifies the type of code being sent. The sync bit for
the first code word is active for approximately 1.0
milliseconds and the sync bit of the second word is
active for approximate 3 milliseconds.

The wall switch 39 is shown in detail in FIG. 6
along with a portion of microcontroller 85 and the
interrogate/sense circuitry interconnecting the two.

Wall switch 39 comprises three switches 39b-39d. Switch
39d is the command switch which is connected directly
between the conductors 39a. Switch 39b, the light
switch, is connected between the conductors 3%a via a 1

microfarad capacitor 386. Switch 39c, the vacation or
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lock switch, is connected between conductors 39a by a 22
microfarad capacitor 384. Wall switch 39 also includes a
resistor 380 and diode 392 serially connected between
conductors 39a. Microcontroller 85 interrogates the wall
switch 39 approximately once every 10 milliseconds to
determine whether a button 39b-d is being pressed. FIG.
14 is a flow diagram of the interrogation. At the
beginning (step 802, FIG. 14) of each test,
microcontroller 85 turns on transistor 368b by a signal
applied from pin P35 to the base of transistor 368a and
at the same time turns a transistor 369 off from pin P37.
Pins P07 and P06 are connected to read the voltage level
between conductors 3%9a by a conductor 385 and respective
resistors 387 and 389. If pins P07 and P06 are low (step
804) the command switch 394 is closed (step 806) and a
status bit is marked in RAM (step 830) to indicate such.
Alternatively, if pins P07 and P06 are high, further
tests (step 803) must be performed. First, micro-
controller 85 turns transistor 368b off and transistor
369 on. Then, after a short pause (step 810) to allow
stay capacitance to discharge, pins P07 and P06 are again
sensed (step 812). If P07 and P06 are low, no switches
have been closed (step 814) and their status in RAM is so
set (step 830). However, if after the short pause the
level of conductor 385 is high, microcontroller 85 waits
approximately 2 milliseconds (step 816) and again tests
(step 818) the voltage level of conductor 385. If the
voltage is now low, the light switch 396 has been closed
(step 820). This assessment can be made since 2
milliseconds is adequate time for the 1 microfarad
capacitor 386 to discharge. If the input at pins P07 and
P06 is still high at the 2 millisecond test, the
controller retests (step 824) after an additional 16
millisecond delay (step 822). If the pins P07 and P06
are low after the 16 millisecond delay, the vacation
switch 39c¢c was closed (step 826) and, alternatively, if
the voltage at pins P07 and P06 is high, no switches were
closed (step 828). At the completion of the wall switch
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test the status bits of the three switches 39b, 39c and
39d are set to reflect their identified state (step 830).

The receiver 80 is shown in detail in FIG. 5.
RF signals may be received by the controller 70 at the
antenna 32 and fed to the receiver 80. The receiver 80
includes a pair of inductors 170 and 172 and a pair of
capacitors 174 and 176 that provide impedance matching
between the antenna 32 and other portions of the
receiver. An NPN transistor 178 is connected in common
base configuration as a buffer amplifier. The RF output
signal is supplied on a line 200, coupled between the
collector of the transistor 178 and a coupling capacitor
220. The buffered radio frequency signal is fed via the
coupling capacitor 222 to a tuned circuit 224 comprising
a variable inductor 226 connected in parallel with a
capacitor 228. Signals from the tuned circuit 224 are
fed on a line 230 to a coupling capacitor 232 which is
connected to an NPN transistor 234 at its base. The
collector 240 of transistor 234 is connected to a
feedback capacitor 246 and a feedback resistor 248. The
emitter is also coupled to the feedback capacitor 246 and
to a capacitor 250. A choke inductor 256 provides ground
potential to a pair of resistors 258 and 260 as well as a
capacitor 262. The resistor 258 is connected to the base
of the transistor 234. The resistor 260 is connected via
an inductor 264 to the emitter of the transistor 234.

The output signal from the transistor is fed outward on a
line 212 to an electrolytic capacitor 270.

As shown in FIG. 5, the capacitor 270 couples
the demodulated radio frequency signal from transistor
234 to a bandpass amplifier 280 to an average detector
282. An output of the bandpass amplifier 280 is coupled
to pin P32 of a 286233 microcontroller 85. Similarly, an
output of average detector 282 is connected to pin P33 of
the microcontroller. The microcontroller is energized by
the power supply 72 and also controlled by the wall
switch 39 coupled to the microcontreocller by the lead 39a.
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Pin P26 of microcontroller 85 is connected to a
grounding program switch 151 which is located at the head
end unit 12. Microcontroller 85 periodically reads
switch 151 to determine whether it has been pressed. As
discussed later herein, switch 151 is normally pressed by
an operator who wants to enter a learn or programming
mode to add a new transmitter to the accepted
transmitters last stored in the receiver. When the
operator continuously presses switch 151 for 6 seconds or
more, all memory settings are overwritten and a complete
relearning of transmitter codes and the type of codes to
be received is then needed. Pressing switch 151 for a
momentary time after a 6+ second press enters the
apparatus into a mode for learning a new transmitter type
which can be either rolling code type or fixed code type.

Pins P30 and P03 of microcontroller 85 are
connected to obstacle detector 90 via conductor 92.
Obstacle detector 90 transmits a pulse on conductor 92
every 10 milliseconds when the infrared beam between
sender 42 and receiver has not been broken by an
obstacle. When the infrared beam is blocked, one or more
pulses will be skipped by the obstacle detector 46.
Microcontroller scans the signal on conductor 92 every
1 millisecond to determine if a pulse has been received
in the last 12 milliseconds. When a pulse has not been
received, an obstacle is assumed and appropriate action,
as discussed below, may be taken.

Microcontroller pin P31 is connected to
tachometer 110 via conductor 112. When motor 106 is
turning, pulses having a time separation proportional to
motor speed are sent on conductor 112. The pulses on
conductor 112 are repeatedly scanned by microcontroller
85 to identify if the motor 106 is rotating and, if so,
how fast the rotation is occurring.

The apparatus includes an up limit switch 93a
and a down limit switch 93b which detect the maximum
upward travel of door 24 and the maximum downward travel
of the door. The limit switches 93a and 93b may be
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connected to the garage structure and physically detect
the door travel or, as in the present embodiment, they
may be connected to a mechanical linkage inside head end
12, which arrangement moves a cog (not shown) in
proportion to the actual door movement and the limit
switches detect the position of the moved cog. The limit
switches are ncrmally open. When the door is at the
maximum upward travel, up limit switch 93a is closed,
which closure is sensed at port P20 of microcontroller
85. When the door is at its maximum down position, down
limit switch 93b will close, which closure is sensed at
port P21 of the microcontroller.

The microcontroller 85 responds to signals
received from the wall switch 39, the transmitters 30 and
34, the up and down limit switches, the obstruction
detector and the RPM signal to control the motor 106 and
the light 81 by means of the light and motor control
relays 104. The on or off state of light 81 is
controlled by a relay 105b, which is energized by pin POl
of microcontroller 85 and a driver transistor 105a.

The motor 106 up windings are energized by a relay 107b
which responds to pin P00 of microcontroller 85 via
driver transistor 107a and the down windings are
energized by relay 109b which responds to pin P02 of
microcontroller 85 via a driver transistor 109a.

Each of the pins P00, POl and P02 is associated
with a memory mapped bit, such as a flip/flop, which can
be written and read. The light can thus be turned on by
writing a logical "1" in the bit associated with pin POl
which will drive transistor 105a on energizing relay
105b, causing the lights to light via the contacts of
relay 105b connecting a hot AC input 135 to the light
output 136. The status of the light 81 can be determined
by reading the bit associated with pin POl. Similar
actions with regard to pins P00 and P02 are used to
control the up and down rotation of motor 106. It should
be mentioned, however, that energizing the light relay
105b provides hot AC to the up and down motor relays 107b
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and 109b so the light should be enabled each time a door
movement is desired.

The radio decode and logic microcontroller 84
(FIG. 2) of the present embodiment can respcond to both
rolling codes as shown in FIG. 8 and fixed codes as shown
in FIG. 13; however, after it has learned one type of
code all permissible codes will be of the same type until
the system memory is erased and the other type of code is
entered and exclusively responded to. When the apparatus
is first powered up or after memory control values have
been erased in response to a greater than 6 second press
of program button 151, the system does not know whether
it will be trained to respond to fixed or rolling codes.
Accordingly, the system enters a test mode to enable it
to receive both types of access codes and determine which
type of code is being received. 1In the test mode the
apparatus periodically resets itself to receive one of
rolling codes or alternatively, fixed codes, until a code
of the expected type is received. A short press of
switch 151 after the 6+ second press causes a learn mode
to be entered. When a code is correctly received in the
test mode, and the apparatus is in a learn mode, the type
of expected code becomes the code type to be received and
the received fixed code or fixed code portion of a
received rolling code is stored in nonvolatile memory for
use in matching later received codes. 1In the case of a
received rolling code, the rolling code portion is also
stored in association with the stored fixed code portion
to be used in matching subsequently received rolling
codes. After a rolling code has been learned by the
system, only additional rolling codes can be learned
until a reprogramming occurs. Similarly, after a fixed
code is learned, only additional fixed codes can be
received and learned until reprogramming occurs.

From time to time while receiving incoming
codes, it is determined that a code being received is not
proper and a clear radio subroutine (FIG. 15) is called
by microcontroller 85. A decision step 50 is first
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performed to determine whether the apparatus is in a test
mode or a regular mode. When not in a test mode, flow
proceeds to a step 62 to clear radio codes and blank
timer after which the subroutine is exited. When
decision step 50 identifies the test mode, steps 52-60
are performed to arbitrarily select the fixed code or
rolling code mode and set up necessary values to seek the
selected mode. In step 52 the lowest bit of a continuous
timer is selected as a randomizer. The value of the
lowest bit is then analyzed in a decision step 54. When
the lowest bit is a "1" the fixed test mode is selected
in step 56 and the numeric thresholds needed for
receiving fixed codes are stored in a step 60 before
clearing the radio codes and exiting in step 62. When
decision step 54 determines that the lowest bit is a "0",
the rolling code mode is selected in step 58 followed by
the storage of rolling code numeric threshold values in
step 60. Flow proceeds to step 62 when radio codes are
cleared and the clear radio subroutine is exited.

The set number thresholds subroutine (step 60
of FIG. 15) is shown in more detail in FIG. 16.
Initially, a step 180 is performed to identify which mode
is presently selected. When the mode is determined to be
a fixed code mode, steps 182, 184 and 186 are next
performed to set the sync threshold to 2 milliseconds,
the number of bits per word to 10 and the decision
threshold to .768 milliseconds. Alternatively, when step
180 determines that the rolling code mode is selected,
steps 192, 194 and 196 are performed to set the sync
threshold to 1 millisecond, the number of bits per word
to 20 and the decision threshold to .450 milliseconds.
After the performance of either step 186 or 196 the
subroutine returns in step 188.

The primary received code analysis routine
performed by microcontroller 85 begins at FIG. 17A in
response to an interrupt generated by a rising or falling
edge being received from the receiver 80 at pins P32 and

P33. Given the pulse width format of coded signals, the
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microcontroller maintains active or inactive timers to
measure the duration between rising and falling edges of
the detected radio signal. 1Initially, a step 546 is
performed when a transition of radio signal is detected
and a step 548 follows to capture the inactive timer and
perform the clear radio routine. Next, a determination
is made in step 550 of whether the transition was a
rising or falling edge. When a rising edge is detected,
step 552 is next performed in which the captured timer is
stored followed by a return in step 554. When a falling
edge is detected in step 550, the timer value captured in
step 548 is stored (step'556) in the active timer. A
decision step 558 is next performed to determine if this
is the first portion of a new word. When the bit counter
equals "O" this is a first portion in which a sync pulse
is expected and the flow proceeds to step 560 (FIG. 17B).

In step 560, the inactive timer value is
measured to see if it exceeds 20 milliseconds but is less
than 100 milliseconds. When the inactive timer is not in
the range, step 562 is performed to clear the bit
counter, the rolling code register and the fixed code
register. Subsequently, a return is performed. When the
inactive timer is within the range of step 560, step 566
is performed to determine if the active timer is less
than 4.5 milliseconds. When the active timer is too
large, the values are cleared in step 568 followed by a
return in step 582.

When the active timer is found to be less than
4.5 milliseconds in step 566, a sync pulse has been
found, the bit counter is incremented in step 570 and a
decision step 572 is performed. In decision step 572,
the active timer is compared with the sync threshold
established in the set number thresholds subroutine of
FIG. 16. Accordingly, decision step 572 uses a value of
2 milliseconds when a fixed code is expected and a value
of 1 millisecond when a rolling code is expected. When
step 572 determines that the active timer exceeds the
threshold, a frame 2 flag is set in step 574 and a fixed
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keyless code flag is cleared in step 576. Thereafter, a
return is performed in step 582. When the active timer
is found in step 572 to be less than the sync threshold,
a decision step 578 is performed to determine if two
successive sync pulses have been of the same length. If
not, the keyless code flag is cleared in step 576 and a
return is performed in step 582. Alternatively, when two
equal successive sync pulses are detected in step 578,
the fixed keyless code flag is set in step 580 and a
return is implemented in step 582.

When the performance of step 558 identifies
that the bit count is not "0", indicating a non-sync bit,
the flow proceeds to step 302 (FIG. 18A). In the
sequence of steps shown in FIGS. 18A-18D, microcontroller
85 identifies the individual code bits of a received code
word. In step 302 the length of the active period is
compared with 5.16 milliseconds and when the active
period is not less, the registers and counters are
cleared and a return is performed. When step 302
indicates that the active period was less than 5.16
milliseconds, a step 306 is performed to determine if the
inactive period is less than 5.16 milliseconds. If it is
less, the step 304 is performed to clear values and
return. Alternatively, when step 306 is answered in the
affirmative a bit has been received and the bit counter
is incremented in a step 308. In the subsequent step 310
the value of the active and inactive timers are
subtracted and the result is compared in step 312 with
the complement of the decision threshold for the type of
code expected. When the result is less than the
complement of the decision threshold, a bit value of "0"
has been received and flow continues through a step 314
to step 322 (FIG. 18B) where it is determined whether or
not a rolling code is expected.

When step 312 determines that the time
difference is not less than the complement of the
decision threshold flow proceeds to decision block 316

(FIG. 18B) where the result is compared to the decision
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threshold. When the result exceeds the decision
threshold, a bit having a value 2 has been received and
the flow proceeds via step 318 to the decision step 322.
When decision step 316 determines that the result does
not exceed the decision threshold, a bit having a value
of 1 has been received and flow continues via step 320 to
decision step 322.

In step 322, microprocessor 85 identifies if
rolling codes are expected. If not, flow proceeds to
step 338 (FIG. 18C) where the bit value is stored as a
fixed code bit. When rolling codes are expected, flow
continues from block 322 to a decision step 324 where the
bit count is checked to identify whether a fixed code bit
or a rolling code bit is received. When step 324
identifies a rolling code bit, flow proceeds directly to
a step 340 (FIG. 18C) to determine whether this is the
last bit of a word. When a fixed bit is detected in step
324, its value is stored in a step 326 and a step 328 is
performed to identify if the currently received bit is an
ID bit. If the bit count identifies an ID bit, a step
330 is performed to store the ID bit and flow proceeds to
the storage step 338 (FIG. 18C). When step 328
determines that the currently received bit is not an ID
bit, flow continues to step 334 (FIG. 18C) to determine
whether the currently received bit is a function bit. If
it is a function bit, its value is stored as a function
indicator in step 336 and flow continues to step 338 for
storage as a fixed code bit. When step 334 indicates
that the currently received bit is not a function bit,
flow proceeds directly to step 338. After the storage
step 333, flow for the fixed bit reception also proceeds
to step 340 to determine whether a full word has been
received. Such determination is made by comparing the
bit counter with the threshold values established for the
type of code expected. When less than a word has been
received, flow proceeds to step 342 to await other bits.

When a full word has been received, flow

proceeds to a step 344 where the blank timer is reset.



10

15

20

25

30

35

-22=-

Thereafter, flow continues to decision step 346 to
determine if two full words (a complete code) have been
received. When two full words have not been received,
flow proceeds to block 348 to await the digits of a new
word. When two full words are detected in step 346, flow
proceeds to step 350 (FIG. 18D) to determine whether
rolling codes are expected. When rolling codes are not
expected, flow continues to step 358. When rolling codes
are expected, flow proceeds from step 350 through
restoration of the rolling code in a step 352 to a
decision step 354 where it is identified if the ID bits
indicate a keyless entry transmitter, e.g., transmitter
34. When a keyless entry transmitter code is detected, a
flag is set in step 356 and flow proceeds to a decision
step 362, discussed below. When step 354 indicates that
the code is not from a keyless transmitter, flow
continues to the decision step 358 to identify whether a
vacation flag is set in memory. The vacation flag is set
in response to a human activated vacation switch and when
the vacation flag is set, no radio codes are allowed to
activate the door open while codes from keypad (keyless)
transmitters such as 34 are permitted to activate the
system. Accordingly, if a vacation flag is detected in
step 358, the code is rejected and a return is performed.
When no vacation flag has been set, flow proceeds to a
step 362 where it is determined if a learn mode is set.
Learn modes can be set by several types of operator
interaction. The program switch 151 can be pressed.
Also, by preprogramming, microprocessor 85 1s instructed
to interpret the press and hold of the command and light
buttons of the wall control 39 while energizing a code
transmitter. Additionally, prior radio commands can
place the system in a learn mode. The decision at step
362 is not dependent on how the learn mode is set, but
merely on whether a learn mode is requested. At this
point it is assumed that a learn mode has been set and
flow continues to step 750 (FIG. 19A).
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In step 750, a determination is made concerning
the type of code expected. When a fixed code is
expected, flow proceeds to step 756 where the present
fixed code is compared with the prior fixed code. When
step 756 does not detect a match, the present code is
stored in a past code register and a return is executed.
When step 750 identifies that rolling code is expected, a
step 752 is performed to determine if the present rolling
code matches the past rolling code. If no match is
found, flow proceeds to step 754 where the present code
is stored in a past code register and a return is
executed. When step 752 determines that the rolling
codes match, the fixed portion of the received rolling
code is compared with the past fixed portions in step
756. When no match is detected, the code is stored in a
past code register and a return is executed. When step
756 detects a match, flow proceeds to step 758 to
identify if the learn was requested from the wall control
39. If not, flow proceeds to step 766 (FIG. 19B) where
the transmitter function is set to be a standard command
transmitter. When step 758 determines that the learn
mode was commenced from wall control 39, flow proceeds to
step 760 to determine whether fixed or rolling codes are
expected. When fixed codes are expected, flow proceeds
to step 766 (FIG. 19B) where the function is set to be
that of standard command transmitter. When rolling codes
are identified in step 760, flow proceeds to step 762
(FIG. 19B).

In step 762 it is determined if the light and
vacation switches of the wall control 39 are being held.
If so, the transmitter is set to be a light switch only
in step 763 and flow proceeds to step 768. When step 762
is answered in the negative, flow proceeds to step 764 to
determine if the vacation and command switches are being
held. If they are, flow proceeds to step 765 to set the
transmitter function as open/close/stop and flow proceeds
to step 768. When step 764 determines that the vacation
and command switches are not being held, flow proceeds to
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step 766 where the transmitter is marked as a standard
command transmitter. After step 766, a step 768 is
performed to identify if the received code is in the
radio code memory. If the present code is in radio code
memory, flow proceeds to step 794 (FIG. 19C). If the
received code is not in radio code memory, flow proceeds
from step 768 to 780 to determine whether the system is
in a permanent or a test mode. When step 780 determines
that the system is in a test mode, the current radio
mode, either fixed or rolling, is set as a permanent mode
in step 782 and flow proceeds to a step 784 to set the
current thresholds by storing a pointer to the storage
location in ROM into permanent memory.

After step 784, flow proceeds to step 786 (FIG.
19C) to determine if the present code is from the keypad
transmitter and specifies an input code 0000. If so, the
step 787 is executed where the received code is rejected
and a return is executed while remaining in the learn
mode. When the code 0000 is not present, flow continues
to step 788 to find whether a non-enter key (* or #) was
pressed. If so, flow proceeds to step 787. If not, flow
continues to decision step 789 to identify if an
open/close/stop transmitter is being learned. When the
present learning does not involve an open/close/stop
transmitter, flow proceeds to step 792 where the code is
written into nonvolatile memory. When step 789
determines that an open/close/stop transmitter is being
learned, flow proceeds to step 790 to determine if a key
other than the open key is being pressed. If so, flow
proceeds to block 789 and if not, flow proceeds to block
792 where the fixed code is stored in nonvolatile memory.

After step 792, step 794 is performed to
determine if rolling code is the present mode. If not,
flow proceeds to step 799 where the light is blinked to
indicate the completion of a learn and a return is
executed. When step 794 identifies the mode as rolling
code, flow proceeds to step 795 where the received

rolling code is written into nonveclatile memory in
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association with the fixed code written in step 792.
After step 795, the current transmitter function bytes
are read in step 796, modified in step 797 and stored in
nonvolatile memory. Following such storage, the work
light is blinked in step 799 and a return is executed.

The performance of step 799 concludes the learn
function which began when step 362 (FIG. 18D) identified
a learn mode. When step 362 does not identify a learn
mode, flow proceeds from step 362 to step 402 (FIG. 203).
In step 402 the ID bits of the received code are
interpreted to identify whether the code is from a
rolling code keypad type transmitter, e.g. 34. If so,
flow proceeds to step 450 (FIG. 21A). When the ID bits
do not indicate a rolling code keypad entry, flow
proceeds to a step 404 where a check is made to see if an
8 second window in which a learn mode may be set exists
which was entered from a fixed code keypad transmitter.
When the learn mode exists, flow proceeds to step 406 to
determine if the operator has entered a special "0000"
code. If the special code has been entered, flow
proceeds from step 406 to step 410 where the learn mode
is set and an exit performed. When step 406 does not
detect the special "0000" code, flow proceeds to a step
408, which step is alsoc entered when no 8 second learn
mode was detected in step 404.

In step 408 the received code is compared with
the codes previously stored in nonvolatile memory 88.
When no match is detected, the radio code is cleared and
an exit is performed in step 412. Alternatively, when
step 408 detects a match, flow proceeds to step 414 (FIG.
20B) which identifies when rolling codes are expected.
When step 414 determines that rolling codes are not
expected, flow proceeds to step 428 where a radio command
is executed and an exit performed. When step 414
determines that a rolling code is expected, flow proceeds
to step 416 to determine if the rolling portion of the
received code is within the accepted range. When the
rolling portion is out of range, step 418 is performed to
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reject the code and exit. When the rolling code is
within the range, step 420 is performed to store the
received rolling code portion (rolling code counter) in
nonvolatile memory and flow proceeds to a step 422, which
identifies whether the function bits of the received code
identify a light control signal. When a light control
signal is identified, flow proceeds to step 424 where the
status of the light is changed, the radio is cleared and
an exit performed. When the presently received code is
not identified in step 422 as a light control, flow
proceeds to step 426 to identify if the present code is
an open/close/stop command. When step 426 does not
identify an open/close/stop command, flow proceeds to the
step 428 where a radio command is set and an exit
performed.

When step 426 identifies an open/close/stop
command, flow proceeds to step 430 (FIG. 20C) to
interpret the command. Step 430 identifies from the
function bits of the received code which of the three
buttons was pressed. When the open button was pressed,
flow proceeds to a step 432 to identify what the present
state of the door is. When the door is stopped or at a
down limit, step 434 is entered where an up command is
issued and exit performed. When step 432 identifies that
the door is traveling down, a reverse door command is
issued and an exit performed in step 436. In the third
case, when step 432 detects the door to be open, step 440
is entered and no command is issued.

When step 430 identifies that the close
transmitter button was pressed, flow proceeds to step 438
to identify what state the door is in. When step 436
determines that the door is traveling up or at a down
1imit, the step 440 is performed where no command is
issued and an exit performed. Alternatively, when step
438 identifies that the door is stopped at other than the
down limit, a down command is issued in a step 442. When
step 430 determines that the stop button was pressed,
flow proceeds to step 444 to identify the state of the
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door. When the door is already stopped, flow proceeds
from step 444 to step 448 where no command is issued and
an exit performed. When the door is identified in step
444 as traveling, a stop command is issued in step 446
and an exit performed.

It will be remembered that when step 402 (FIG.
20A) identifies that a rolling code keypad code is
received, flow proceeds to step 450 (FIG. 21A). In step
450 the serial number portion of the received code is
compared with the serial numbers of those codes stored in
nonvolatile memory. When no match is detected, flow
proceeds to step 452 where the code is rejected and an
exit performed. When step 450 detects a match, flow
proceeds to step 454 to identify if the rolling code
porticn is within the forward window. When the code is
not within the forward window, flow proceeds to the step
452 where the received code is rejected and an exit is
performed.

When the received rolling code portion is found
to be within the forward window in step 454 a step 456 is
performed where the received code is used to update the
rolling code counter in memory. This storage keeps the
rolling code transmitter and rolling code receiver in
synchronism. After step 456, a step 458 is entered to
identify which code reception mode has been set. When
normal code reception is identified in step 458, a step
460 (FIG. 21B) is performed to identify if the user input
portion of the received code matches a stored user
password. When a match is detected in step 460, flow
proceeds to step 470 to identify which of the keypad
input keys, *, # or enter, was pressed. When step 470
identifies the enter key, a step 472 is performed in
which a keyless entry command is issued and an exit
initiated. When the * key is detected in step 470, flow
proceeds to step 476 where the light is blinked and the
learn temporary password flag is set to identify the

learn temporary password mode. When step 470 identifies
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that the # key was pressed, flow proceeds to a step 474
to blink the light and to set a standard learn mode.

When the performance of step 460 determines
that the received user input portion does not match one
stored in memory, flow proceeds to step 462 where the
received user input portion is compared to temporary user
input codes. When step 462 does not discover a match, a
step 464 is performed to reject the code and exit. When
step 462 identifies a match between a received user input
code and a stored temporary password, flow proceeds to
step 466 to identify whether the door is at the down
limit. If not, flow proceeds to step 472 for the issue
of a keypad entry command. When step 466 identifies that
the door is closed, a step 468 is performed to identify
whether the previously set time or number of uses for the
temporary password has expired. When step 468 identifies
expiration, the step 464 is performed to reject the code
and exit. When the temporary password has not expired,
flow proceeds to step 478 (FIG. 21C) where the type of
user temporary password, e.g., duration or number of
activations, 1s checked. When step 478 identifies that
the received temporary password is limited to a number of
activations, a step 480 is executed to decrement the
remaining activations and a step 472 is executed to issue
an entry command. When step 478 identifies that the
received keypad password is not based on the number of
activations (but instead on the passage of time) flow
proceeds from step 478 to the issuance of an entry
command in step 472. No special up date is needed for
timed temporary passwords since the microcontrocller 85
continuously updates the elapsed time.

It will be remembered that a step 458 (FIG.
21A) was initiated to identify the reception mode
presently enabled. When the learn temporary password
mode is detected, flow proceeds from step 458 to step 482
(FIG. 22). 1In step 482 a query is performed to determine
the enter key was used to transmit the received code.

When the enter key was not used, a step 484 is performed
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to reject the code and exit. When the enter key was
used, a step 486 is performed to determine whether the
received user input code matches a user code already
stored in memory. If so, a step 488 is performed to
reject the code. When step 486 identifies no matching
user input codes, the new user input code is stored as
the temporary password in step 490 and flow proceeds to
step 492 where the light is blinked and the learn
temporary password duration learn mode is set for
subsequent use. When the learn temporary password
duration mode is later detected in step 458, flow
proceeds to a step 481 where the user entered code is
checked to see if it exceeds 255. This is an arbitrary
limit to either 255 activations or 255 hours of temporary
access. When the user entered code exceeds 255 it is
rejected in step 483. When the user entered code is less
than 255, a step 485 is performed to identify which key
was used to transmit the keypad code. When the * key was
used, the transmitted code is to indicate a time duration
for the temporary password the time duration mode is set
in step 487 and a time is started in step 491 using the
code as the number of hours in the temporary code
duration. When step 485 determines that the # key was
used to transmit the code, a flag is set in step 489
indicating that the temporary mode is based on the number
of activations and the number of activations is recorded
in step 491. After step 491, the light is blinked and an
exit is performed.

FIGS. 23A and 23B are flow diagrams of a radio
code match subroutine. The flow begins at a step 862
where it is determined whether a rolling code is expected
or not. When a rolling code is not expected, flow
proceeds to a step 866 where a pointer identifies the
first radio code stored in nonvolatile memory. When step
866 determines that a rolling code is expected, all
transmitter type codes are fetched in a step 864 before
beginning the pointer step 866. After step 866, a
decision step 863 is performed to determine whether an
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open/close/stop transmitter is being learned. If so, a
step 870 is performed in which the memory code is
subtracted from the received code and the flow proceeds
to a step 878 to evaluate the result. From step 878 the
flow proceeds to a step 878 to evaluate the result. From
step 878, the flow proceeds to a step 880 to return the
address of the match when the result of the subtraction
is less than or equal to two. When the result of the
subtraction is not less than or equal to two, the flow
continues from step 878 to step 882 to determine if the
last memory location is being compared. If the last
memory was compared, step 884 is performed to return a
"no match."

When step 868 indicates that the system is not
learning an open/close/stop transmitter, flow continues
to step 872 to determine if the memory code is an
open/close/stop code. If it is, flow proceeds through
steps to step 874 where the received code is subtracted
from the memory code. Thereafter, flow proceeds through
step 878 to either step 880 or 882 as above described.
When step 872 determines that the current memory code is
not an open/close/stop code, flow proceeds to step 876
(FIG. 23B). 1In step 876 the received code is compared
with the code from memory and, if they match, step 880 is
performed to return the address of the matching code.
When step 876 determines that the compared codes do not
match, flow continues to step 882 to determine if the
last memory location has been accessed. When the last
memory location is not being accessed, the pointer is
adjusted to identify the next memory location and the
flow returns to step 868 using the contents of the new
location. The process continues until a match is found
or the last memory location is detected in step 882.

FIG. 24 is a flow diagram of a test rolling
code counter subroutine which begins at a step 888 in
which the stored rolling code counter is subtracted from
the received rolling code and the result is analyzed in a
step 890. When step 890 determines that the subtraction
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result is less than "0", flow continues to step 892 where
the subroutine returns a backward window lockout. When
step 890 determines that the subtraction result is
greater than 0 and less than 1000, the subroutine returns
a forward window indication in step 892.

' FIG. 25 is a flow diagram of an erase radio
memory routine which begins at a step 686 of clearing all
radio codes, including keyless temporary codes. Next, a
step 688 is performed to set the radio mode in
nonvolatile memory as testing for rolling codes or
testing for fixed codes. Step 690 is next performed in
which the working radio mode is set as fixed code test
and the fixed code number thresholds are set in a step
692. A return step 694 completes the subroutine.

FIGS. 26A and 26B show a timer interrupt
subroutine which begins at a step 902 when all software
times are updated. Next, flow proceeds to a step 904 to
determine whether a 12 millisecond timer has expired.

The 12 millisecond timer is used to assure that
obstructions which block the light beam in protector 90
and cause the absence of a 10 millisecond obstructive
pulse, are rapidly detected. When the 12 millisecond
timer has not expired, flow proceeds to a step 914
discussed below. Alternatively, when the timer expires,
a step 906 is performed to determine if a break flag,
which is set at the first missed pulse, is set. If it is
not set, flow proceeds to step 910 in which the break
flag is set. If the break flag was detected in step 906,
flow continues to step 908 in which an IR block flag,
indicative of a plurality of missed 10 millisecond
obstruction pulses, is set. Flow then proceeds through
step 910 to step 912 where the 12 millisecond timer is
reset. Decision step 914, which is performed after step
912, determines whether it has been more than 500
milliseccnds since a valid radio code has been received.
If more than 500 milliseconds has transpired, step 916 is
performed to clear a radio currently on air flag and an

exit is performed. When step 914 determines that 500
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milliseconds has not expired, flow proceeds directly to
exit step 918.

FIG. 27 is a flow diagram of an IR pulse
received interrupt begun whenever a protection pulse is
received by microcontroller 85. 1Initially, a step 920 is
performed in which the IR break flag is reset and the
flow proceeds to step 922 where the IR block flag is
reset. This routine ends by resetting the 12 millisecond
timer in step 924 and exiting in step 926.

The control structure of the present embodiment
includes a main loop which is substantially continuously
executed. FIG. 28 is a flow diagram showing portions of
the lcop. Every 15 seconds a step 928 is performed in
which the local radio mode is loaded from nonvolatile
memory and the number thresholds are set in a step 930.
This activity ends with a return step 946. Every hour a
step 932 is performed to determine if a keypad temporary
timer is currently active. If so, flow proceeds to step
914 where the time is decremented and a return is
executed at step 946.

Every 1 millisecond a step 936 is performed to
determine if the IR break flag is set and the IR block
flag is not set. This condition is indicative of the
first missed protector pulse. If the determination in
step 936 is negative, a return is performed. If step 936
detects only the IR break flag and not the IR block flag,
a step 938 is performed to identify if the door is at the
up limit. When the door is not at the up limit, a return
is performed. When step 938 detects the door at the up
limit, a step 940 is performed to identify if the light
is on. 1If the light is on, it is blinked a predetermined
number of times in step 942 and a return is executed.
When step 940 determines that the light is off a step 944
is performed to turn the light on and set a 4.5 minute
light keep on timer. A return is executed after step
944.

FIG. 2¢ 1is a flow diagram illustrating the use
of the IR protection circuit in door control. At a step
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948 a decision is made whether a memory matching keypad
type transmitter is on the air. If so, flow proceeds to
step 956 to determine if the down limit of door travel
has occurred. If the down limit has been reached, a step
958 is performed to set a stopped at down limit state of
the door. When step 956 determines that the down limit
has not been reached, a step 960 is performed to continue
the downward travel of the door. When step 948 is
answered in the negative, a step 950 is performed to
determine if the command switch is being held down. 1If
it is, flow proceeds to step 956 and either step 958 or
960 as discussed above. When step 950 is answered in the
negative, a step 952 is performed in which the IR break
flag is checked. If the break flag is set, signalling an
obstruction, a step 954 is performed to reverse the door,
set the new state of the door and set an cbstruction
flag. When step 952 does not detect an IR break flag,
flow proceeds to step 956 as above described. It should
be mentioned that the conditions established in steps 948
and 950 are intended to allow the operator to override
the obstruction detector.

While there has been illustrated and described
a particular embodiment of the present invention, it will
be appreciated that numerous changes and modifications
will occur to those skilled in the art, and it is
intended in the appended claims to cover all those
changes and modifications which fall within the true
spirit and scope of the present invention. By way of
example, the transmitter and receivers of the disclosed
embodinent are controlled by programmed microcontrollers.
The controllers could be implemented as application
specific integrated circuits within the scope of the

present invention.
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CLAIMS:

1. A transmitter for a garage door opening system
comprising apparatus for moving a garage door and
apparatus for controlling lights associated with the
garage door, said transmitter comprising:

a first control device responsive to user
control for commanding the movement of the garage door
and the control of the lights;

a second control device responsive to user
control for commanding the control of only lights; and

control apparatus responsive to a command from
the first control device for transmitting a first signal
to a receiver of the garage door opening system directing
movement of the door and control of the lights and
responsive to a command from the second control device
for transmitting a second signal to the receiver of the
garage door opening system directing that the lights

selectively be turned on and off without door movement.

2. A controller for a garage door opening system
including first electrical circuitry for controlling door
movement and second electrical circuitry for controlling
lights of the door opening system, the controller
comprising:

a receiver for receiving first and second
control signals from a transmitter;

electronic apparatus, responsive to the
receiver, for identifying whether a first or a second
control signal has been received, the electronic
apparatus being responsive to the reception of a first
control signal for enabling the first and second |
circuitry to move the door and td turn the lights on and
being responsive to the reception of a second signal for
enabling the second circuitry to selectively turn the

lights on and off without moving the door.
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3. A method for controlling the operation of a
garage door movement system comprising a door movement
apparatus, means for sensing door movement and the
position of the door including an open position of the
door, a light having an on and off state and apparatus
for detecting obstructions in a doorway of the garage
door, the method comprising:

sensing the presence of an obstruction in the
doorway:

identifying, in response to a sensed
obstruction, the position of the door and if the door
movement apparatus is moving the door:;

overriding door movement when the door movement
apparatus is moving the door and an obstruction is
sensed; and

controlling the on and off state of the light
when the door is in a safe position and an obstruction is
sensed.

4. The method of claim 3 comprising sensing the on
or off state of the light and the step of controlling the
on or off state of the light comprises turning the light

‘on when the light is off.

5. The method of claim 3 comprising sensing the on
or off state of the light and the step of controlling the
on or off state of the light comprises turning the light
off for a predetermined period when the light is on.

6. A method in accordance with claim 3 comprising
controlling the on and off state of the light in response

to access codes transmitted by a remote transmitter.



7. A transmitter for a garage door opening system
substantially as hereinbefore described with reference to the

accompanying drawings.

8. A controller for a garage door opening system
substantially as hereinbefore described with reference to the

accompanying drawings.

9. A method for controlling the operation of a garage
door movement system, substantially as hereinbefore described

with reference to the accompanying drawings.
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