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TRANSMITTER AND RECEIVER FOR
CONTROLLING REMOTE ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is related to co-pending application
of Joseph W. Twardowski and F. J. Liotine entitled
“Method and Apparatus For Controlling the Coding In
A Transmitter and Receiver”.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates in general to control transmit-
ters and receivers and in particular to a novel control
system.

2. Description of the Prior Art

Remote control transmitters and receivers are known
as, for example, for garage door openers and other
devices. Initially, a different carrier frequency was uti-
lized for each pair of transmitters and receivers so as to
isolate them from other units. Also, various coding
schemes have been utilized to encode data into binary
form. Certain of such transmitters and receivers include
a plurality of two position switches which control the
coding for the transmitter and receiver and in such
systems the codes can be changed by manually chang-
ing the positions of the switches to different positions to
assure that the position of the switches in the transmitter
and receiver are the same.

SUMMARY OF THE INVENTION

The present invention comprises a novel multi-chan-
nel transmitter and receiver for controlling a plurality
of functions and includes the feature of changing the
code in the receiver and transmitter to one of a large
number of codes in an automatic manner. A pulse
length binary code is utilized.

When it is desired to change the identification code, a
program mode switch is closed in the receiver and the
micro-computer recalls from the non-volatile memory
the last stored code. Using this code as a start, it per-
forms a random number generation algorithm and
stores the newly generated code in the non-volatile
memory and immediately transmits the new code
through a light emitting diode. The transmission format
with the light emitting diode at the receiver continues
until the program mode switch is turned off. During the
energization of the light emitting diode in the receiver,
the transmitter is placed in close proximity to the re-
ceiver so that it detects the code from the light emitting
diode and the new code is then stored in the memory of
the transmitter which then produces a flashing ready
signal to indicate to the operator that the programming
cycle has been completed.

It is seen that the present invention provides an im-
proved remote control system that can be used for a
number of channels and allows for automatic change of
the address coding between the transmitter and re-
ceiver. _

Another object of the invention is to provide trans-
mitters and receivers which have a large number of
possible codes so as to eliminate interference between
closely spaced transmitters and receiver systems.

Yet another object of the invention is to provide an
improved transmitter and receiver system for a remote
control device.
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Other objects, features and advantages of the inven-
tion will be readily apparent from the following de-
scription of certain preferred embodiments thereof
taken in conjunction with the accompanying drawings
although variations and modifications may be effected
without departing from the spirit and scope of the novel
concepts of the disclosure and in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.
FIG.
FIG.
FIG.
FIG.

1 comprises a block diagram of the transmitter;
2 comprises a flow chart for the transmitter;
3 comprises a block diagram for the receiver;
4 comprises a flow chart for the receiver;
5 illustrates a transmission signal format;

FIG. 6A illustrates a sync header waveform;

FIG. 6B illustrates a terminating header waveform;

FIGS. 7A and 7B comprise a schematic diagram of
the transmitter;

FIGS. 8A and 8B comprise a schematic diagram of
the receiver; and

FIG. 9 illustrates a typical pulse train.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates in block form the transmitter of the
invention which comprises an antenna 10, an RF trans-
mitter section 11 connected to the antenna and a micro-
computer 12 supplying an input signal to the RF trans-
mitter 11. The micro-computer is connected to a mem-
ory 13 which may be a non-volatile type memory and a
number of channel select inputs 16, 17, 18 and 19 are
connected to a channel selector unit 14 and supply in-
puts to the micro-computer 12. A power supply com-
prises a battery E and a transmit switch 22 such that
when the transmit switch 22 is closed the transmitter is
energized by applying power to the various units of the
transmitter. A programming signal receiver 21 is con-
nected to the micro-computer and provides means for
selecting the code in the transmitter.

FIG. 2 comprises the transmitter flow chart and
when power is turned on the micro-computer 12 deter-
mines whether a valid programming signal is present.

FIG. 3 is a block diagram of the receiver 30 which
comprises an antenna 31 for receiving radiation from
the transmitter 9. The receiver 30 includes an RF sec-
tion 32 which is connected to the output of the antenna
31 and the RF receiver section 32 supplies an input to a
micro-computer 33. A memory 34 such as a non-volatile
type is connected to the micro-computer 33. A program
mode switch 41 is connected to the micro-computer and
output channel leads 37, 38, 39 and 40 supply operating
signals for various apparatus or functions which are to
be controlled as, for example, channel 1 might comprise
a garage door opener. Channel 2 might comprise a
security control channel. A programming signal trans-
mitter 36 is connected to the micro-computer 33 for
programming the transmitter 9.

FIG: 4 comprises a flow chart for the receiver.

The transmitter and receiver of the invention elimi-
nate the dip switches for code selection which are re-
quired in prior art devices and allows the expansion of
channels so that a number of channels can be utilized to
control different functions. Faster response times are
obtained than prior art control transmitters and receiv-
ers. A specific embodiment of the invention was con-
structed wherein a four-bit single chip micro-computer
was utilized rather than custom discrete logic integrated
circuit for performing the encoding and decoding of the
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algorithm. In addition, a non-volatile memory is used
rather than a multiple three position switch for storing
the custom code for each transmitter and receiver sys-
tem.

The use of a single chip micro-computer rather than
a discrete logic integrated circuit allows system flexibil-
ity for additional expansion and for various other radio
controlled applications in addition to garage door
opener systems without the requirement of major and
exhaustive redesign efforts or custom integrated cir-
cuits. For such subsequent changes, a simple micro-pro-
gram change in the self-contained mask ROM is all that
is required and thus only software changes are neces-
sary.

By using non-volatile memories rather than the dip
switches used in the transmitters and receivers of the
prior art devices requires that the randomly selected
code be supplied from the receiver to the transmitter.
Because of Federal Communication Commission rules
and regulations, the transmission of radio frequency
signals for this purpose cannot be used since the trans-
"mission of a coding signal for defining the code in the
transmitter would not be within the Rules for actuating
a garage door opener. This would comprise the trans-
mission of a message containing information. This
means that (1) during the programming mode transfer
of code information from the receiver to the transmit-
ter, the transmitter and receiver would have to be hard
wired together or (2) the transfer of such data occurs by
using infrared transmitters and receivers. The use of
infrared transmitting and receiving means requires no
physical contact between the systems.

In the present invention a synchronous serial trans-
mission data format is utilized because (1) the equivalent
replacement of the prior art nine pole three-position
switch with a non-volatile memory requires that the
electrical inputs be binary and (2) the present design
allows additional channel expansion and identification.

In a particular embodiment constructed according to
the invention, the maximum number of channels was
selected to be sixteen and allow 216 possible code combi-
nations or 65,536.

The transmission format used in the invention utilizes
security and privacy and is binary and uses pulse posi-
tion modulation as the decoding format for data trans-
mission. FIGS. 5 and 6A and 6B illustrate the data for-
mat used. As shown in FIG. 5, a synchronization header
frame of two bits is used for synchronization at the
receiver. The first word 1 is a channel identification
block of four-bits in length which contains the binary
coded information that identifies the transmitting chan-
nel and this selection limits the maximum number of
channels to sixteen.

Words 2 through 5 are data blocks and comprise four
words each of four-bits containing binary coded infor-
mation that can represent the code for a particular chan-
nel (216 possible code combinations or 65,536). Alterna-
tively, other forms of digital information as, for exam-
ple, the output of a transducer can be included in these
words.

Word 6 is a checksum block and is an error checking
format which is derived by the binary addition of the
identification block with data blocks 1 through 4 and
eliminates any carry bits. For example:
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MSB LSB
BLOCK Bit4  Bit3 Bit 2 Bit 1
Channel Identification Block 0 1 1 0
Data Block 1 1 1 0 1
Data Block 2 1 0 0 1
Data Block 3 1 1 1 0
Data Block 4 1 1 0 1
Checksum Block = 0 1 1 1

binary sum of all
blocks less any
carry bits

Then a termination header which is two-bits in length
indicates to the receiver that the current information
transmission train has terminated. Then there is a blank-
ing period of 28 bits which in a specific embodiment
comprises 28 msec and then the data format is repeated
again.

An example of word 1 is shown in exploded form in
FIG. 5 comprising four-bits of a typical word and a
logic 1 comprises a pulse of 0.75 msec and a 0.25 period
of no signal. A logic O comprises a signal of 0.25 and
then no signal for 0.75 msec.

FIG. 3 illustrates the receiver block diagram and the
software flow chart for the receiver is illustrated in
FIG. 4. When the power is turned on, the receiver
software first turns on the complete hardware system. It
first interrogates the program mode switch input. If the
program mode switch 41 is closed, the micro-computer
33 proceeds to access the non-volatile memory 34 to
recall the last stored code. Using this code as a start, it
then performs a random number generation algorithm
and stores the newly generated code in the non-volatile
memory and immediately transmits this new code
through the light emitting diode 36. The transmitter 9 is
placed in close proximity to the receiver 30 such that
the programming signal receiver 21 receives the infor-
mation from the light emitting diode 36. The transmis-
sion signal format of the receiver is as shown in FIG. 5
except that it does not need the channel identification
block and uses a shorter blanking time equal to 5 msec.
The receiver continues to transmit the code until the
program mode switch 41 is opened after which the
receiver monitors the receiver input port from the RF
section and antenna.

The receiver algorithm contains a software phase
lock loop to lock it on the receiver sync header. All
timing information required to perform the remainder
of the algorithm is contained in the pulse width of the
sync pulse. A software timing loop times out the pulse
and stores this value in the memory. For each consecu-
tive negative to positive transition, the micro-computer
samples the input at the time interval it calculated from
the sync pulse, as illustrated in FIG. 9. After all of the
bits are sampled and stored in the memory, a compari-
son is made with the code stored in the non-volatile
memory for a valid match. If a match is found, the
appropriate channel output is identified by an appropri-
ate light emitting diode to identify that particular chan-
nel.

FIG. 1 comprises a block diagram of the transmitter
and FIG. 2 illustrates the software flow chart of the
transmitter. The transmitter upon power up interro-
gates the input photo-transistor 21 for a period of about
10 msec for indication of a valid programming signal. If
no programming signal is available within the first ten
milliseconds, the transmitter software assumes that the
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presently stored code is accurate and the transmitter
proceeds to transmit such code. It accesses the stored
code from the non-volatile memory, reads the channel
identification number, computes the checksum and then
transmits all the information using the format illustrated
and described.

If a programming signal is received, the transmitter
decodes the incoming information and if the checksum
is correct stores the new code in its non-volatile mem-
ory 13 and outputs a flashing ready signal to indicate
that the programming cycle has been completed.

All output transmission timing is based on an ideal
instruction execution time of 20 msec. Since the soft-
ware is fixed, the only parameters that affect output
timing are the resistor capacitor tolerances and any
input tolerance variations between different micro-com-
puters.

A software pseudorandom number generator is uti-
lized at the receiver to generate the different codes.

The use of software to generate random values results
in a paradox. The fact that an algorithm exists for a
process implies that the process outputs are not truly
random because the algorithm can be used to predict
the output sequence. True random values can only be
generated by the use of systems such as “memory gar-
bage” or “human reaction time”. The use of human
reaction time requires additional hardware and expense
which is undesirable in the high volume electronic in-
dustry. In the present invention, the use of “memory
garbage” to start the system “initiation” or starting
value is used on a one time basis.

In the algorithm used every time a random number is
required a new sixteen bit configuration will result from
the seed or initiation value used. Continuous recall for
sufficient number of times will result in all the possible
sixteen bit configurations. However, the outputs will
appear random if the sequence of outputs are consid-
ered and it is impossible to prove that the program is not
producing true random numbers. The distribution of
outputs is uniform over the range of possible outputs
although all possible sixteen bit values appear before
any repetition occurs. In the present invention 65,536
outputs will occur before any repetition occurs.

The algorithm used works as follows. The random
code is stored in four blocks of memory each four-bits
wide for a sixteen bit word. This allows a binary repre-
sentation of 65,536 discrete numbers. However, for the
random number generator algorithm to work, the all
zero state must not be used therefore there are only
65,535 numbers that can be used.

BLK 1 BLK 2
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The program for the transmitter micro-processor 12
and the program for the receiver micro-processor 33 are
attached.

FIGS. 7A and 7B illustrate the electrical schematic of
the transmitter 9, the antenna 10 is connected to the RF
transmitter 11 which receives an output on lead 50 from
output terminal SO of the micro-computer 12. The
micro-computer 12 may be a National type 404LP, for
example. The non-volatile memory 13 may be a XICOR
type X-2210 and is connected by leads 51 through 57 to
the micro-processor 12 as illustrated. An octal latch 26
is connected to the micro-computer 12 by leads 58
through 66 and might be a type 74C373. A EPROM 27
might be a type 2716 available from INTEL and is
connected by leads 58 through 69 to the micro-com-
puter 12 and is further connected to the octal latch 26
by leads 70 through 77. The power supply E and trans-
mit switch 22 are connected to a regulator 23 which
produces the drive voltage + Vce. Infrared sensor 90 is
connected by lead 91 to the micro-computer 12. A
ready indicator 92 is connected by lead 93 to the micro-
computer 12. Channel selector switches 94 through 97
are connected to channel selector leads 16, 17, 18 and 19
which are connected to the micro-computer 12. A lead
101 is connected from the memory 13 to the reset termi-
nal of the micro-computer 12.

FIG. 8 illustrates the receiver in schematic form. The
micro-computer 33 may be a type 404LP available from
National Corporation. The antenna 31 is connected to
the RF receiver 32 and by lead 105 to the micro-com-
puter 33. The programming LED 36 is connected
through a resistor and a transistor T1 to lead 107 which
is connected to the micro-computer 33. A non-volatile
memory 34 which might be a type X2210 available from
XICOR is connected by leads 110 through 119 to the
micro-computer 33. A reset circuit 121 is connected by
leads 122 and 123 to the reset of the micro-computer 33
and the memory 34. An octal latch 8 which might be
type 74C373 is connected by leads 125 through 133 to
the micro-computer 33. An EPROM 7 which may be a
type 2715 is connected to the octal latch 8 and to the
computer 33 by leads 125 through 136. The EPROM 7
and octal latch 8 are connected together by leads 137
through 144. The program switch 41 is connected to the
micro-computer 33 by lead 200. The channel indicator
lights 250, 251 and 252 are connected to the micro-com-
puter by leads 150, 151 and 152 and illustrate which
channel is energized.

Although the invention has been described with re-
spect to preferred embodiments, it is not to be so limited

BLK 3 BLK 4

]

L Y—p

Whenever the program calls for random number, the
previous value or “seed” is recalled. Each bit is shifted
left one position. Bits 14 and 15 are exclusive or-ed and
the result is shifted into the first position of block 4. In
this manner, all possible 65,535 combinations will result
before the pattern repeats.

65

as changes and modifications can be made which are
within the full intended scope of the invention as de-
fined by the appended claims.
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31 3 CHECI. FOR VALTD PROGRAMMING SIGNAL ON INFUT GO
32 iFOR A PERIOD OF .APPRDX, 10 MSEC.
33 00F 2€ START:  LBI IRIN
34 O0F 70 STIT 0
X010 % LBl IRIN
36 011 33018 SKGEZ 0 iIS INPUT A LOGIC 1 ?
37 013 05 J BRi i YES
3 014 E5 ) JP BEGIN iNO, ACTIVE INPUT . CHECK
39 015 00 BRY: CLRA iFOR SYNC PULSE
41 M7 33 RRY SGET 0 i IS INPIT STILL A LOGIC 1 2
42 019 DB JP BRZ i YES
43 0IAES P PEGIN iNG, ACTIVE INPUT, CHRCK
44 OIR 51 ERZ AISC 1 i FOR SYNI: PULSE
45 017 D7 JP BR2
44 01D 06 X0
47 OIE §1 AISC
48 OIF 04 X0
49 (20 05 LB 0
S0 021 SA AISC 10
S 022 15 JP BRI
PR O LY JMF STRTY NG INDICATION OF A PROGRAMMING
3 i SIGNAL WITHIN 10 M3EC.
S4025 BEGIN:  LBI BDPNT i INTTIALTZE RECEIVED DATA
S5 026 78 STIT 1 i MEMORY FOINTER
56027 20 LBT COUNTO iRESET COUNTER IRIN
57028 70 STI1 0
38 029 70 ) STI1 0
59 024 19 LB1 JDNUM
&) 020 70 STI1 O
62 0200 70 STIT O
83 02E 70 STIT O
& 07F 70 STIT ¢
45 030 70 STIl 0
& 031 2D LBT COUNTO
67 032 3301 SKGBZ 0 1S INPUT A LOGIC 1 2



48 034 Fb

6% 035 ES

70 025 00

71 037 S1

72 (33 3301

73 (34 FC

74 (3B ES

75 Q2D F8

77 O2F 0%

78 OZF 51

79 040 64

80 041 05
81 042 SD
82 043 6035
83 045
84 (46 00
85 047 3301
85 047 C7
87 04A 51
88 (4B 3201

89 04D CF

90 04 CA

91 04F 06

93 051 SE

94 0572 44

99 053 2C

96 054 06

97 035 &

98 036 00

$9 057 U

100 053 DB

101 059 600E

102 05k 3301

11
P Loy

JP BEGIN

LOOKI-  CLRA

BRS SKGEZ 0
JP BR3
JP BEGIN
BR4 AISE |
JP ERS
10
AISC 1
X0
b G
AlSC 13
JHP LOGH!
LBI IRIN
CLRA
SKGRT 0
-2
BRS: AISC !
SKGBZ 0
JP BR7
JP BRS
BR7: X0
AISC 14
NOP
LBI COUNT|
0
LBI IRIN
CLRA
SKE
JP REPEAT
JMP START

REFEAT- SKGRL 0

4,535,333
12

i YES

115 INPUT STILL A LOGIC 1 7
JYES

iNO

iVALID 5 MSEC. BLANE TIME

i 15 INPUT A LOGIC 0 2

iNO

i YES

i 1S INPUT STILL A LOGIC 0 2
iNO, RISING TRANSITION DETECTED
i YES

i STORE COUNT IN IRIN

i FOR SAMPLE VALUE

i STIRE SAMPLE VALUE
i IN COUNTER 1

i CHECK FOR OVERFLOW

i NO DVERFL(W
i OVERFLOM EXISTS

i CHECK FOR FALLING TRANSITION



102 (5D DR
104 0% 6574
105 060 3C
106 041 25
107 042 50
108 063 20
109 044 8067
110 08 4B
111 067 3301
113 04 E7
114 068 3201
115 040 EE
116 G5E 6974
117 070 3
118 071 25
119 072 50
120 073 20
121 074 Fb
122 075 46
123 074 3301
124 07% FA
125 079 Fb
126 674 2301
127 070 FA
128 070 6574
129 07F &
130 080 25
131 051 50
132 082 20
132 083 &5
134 084 47
135 055 3301
136 087 89
137 022 85

138 057 3301

RRY:

BRI

ERI

BR1Z:

BR12:

13
N

JOR SAMPLE
LET BOFNT
Lbz

CAB

KC

2 ER8

SMB 3

KGRI 0

JP ERB
SKGBZ 0
o2
JSR SAMFLE

LBT EDFNT

JP BRI
SME 2
SKGBZ 0
JP BRI
JP ERID
SKGET 0
>
JSR SAMPLE
LBI RDFNT
Lb2

CAB

SIC

J BR12
SE |
éiiGBZ 0
JP BRI3
JF BRIZ

SKGRZ 0

4,535,333
14

i INPUT STILL HIGH

+FALLING TRANSITION DETECTED

iFOINT T0 RECEIVE DATA FOINTER

iLOK FOR FALLING TRANSITION .

i INPUT STIIL LOW

i INPUT STILL HIGH
i FALLING TRANSTTION DETECTED

iPGINT TQ RECEIVE DATA POINTER

s LODK FOR FALLING TRANSTTION
i INFUT STILL HIGH

i INPUT STILL LOW

S INPUT STILL HIGH
SFALLING TRANSITION DETECTED

iPOINT TO RECEIVE DATA FUINTER

iLOOK FOR FALLING TRANSITION
P INFUT STILL HIGH

i INPUT STILL LOW



137 08B &9

140 08C 6974

141 08t 3C

142 08F 25

143 090 50
145 (72 94
146 093 4D
147 (J’)-i 3C
143 055 05
149 (%6 St
130 097 9%
151 098 9F
152 099 06
132 074 3301
154 07C 4605B
155 (%€ 9A
158

157 07F 00
153 0A0 1A
159 0A1 31
140 GA? 1B
161 0AR 31
167 0R4 {C

-

163 0AS 31
165 087 31
186 (A3 1E
167 0A% 21
168 OAA 600E
189

170 OAC OF
171 0AD 4C
172 OAE 37
173 O&F 73
174 (B0 4983

175 GBz 3F

BR14.

BRIS:

BRI7:

15
P2

JSR SAMPLE
LEI BIPNT
b2

CAR
#ERI4
SHE 0

LB BOPNT
Do

AISC 1

P RIS
F BR16
X0

GBI 0
JMP REFEAT

JP BR17

4,535,333
16

i INFUT STILL KIGH
i FALLTNG TRANSITION NETECTED

POINT TO RECEIVE DATA FOINTER

i INCREMENT BD POINTER

i LAST MEMORY LOCATION FILLED 7
iNO

i YES

s LOOK FOR FALLING TRANSITION
i INPUT STILL HIGH

i INPUT STILL LOW

i CALCULATE RECETVED DATA CHECKSIM

ER1é:

CLRA

“LET BLKY

ADD

LB BLKZ

ADD

LB BLK3

AlD

ADD

LBl CKSUM

SKE

JHP START

i PROGRAM NON-VOLATILE MEMORY

LET FLAG]

RMB 0

LB CNTRUL

STIT 3

JER NVRAM

LBT NOUZE

i CHECKSUM CORRECT

i CHECKSUM  INCORRECT

iSET HRITE TO NVRAM FLAG

i STORE CONTROL WORD

i STORE DATA IN NVRAM

 INTTIATE A STORE COMMAND



176 (E3 70
177 0B4 &
178 0BS 3334
179 0B7 ¥
160 0B 7F
181 OF7 3F
182 OBA 3324
163 OEC 3A
184 OBD 7F
185 CGEE 7F
186 (EF 2C
187 0C0 70
188 0C1 70
189 0C2 0R
1920 0C3 33E
191 0CS 4982
192 0L7 2C

193 0C3 70

194 0C9 70

195 OCA O

197 OCD o%Rz

198 OCF BC

199

200 QRO 2347

201 002 3€

202 0D4 OE

203 OIS 333t

204 0D7 OF

205 (DS 4D

206 007 39

207 0DA 77

208 ODB 6923

209 0DD 19

210 ODE 332t

211

17

STII 13
LBI NOUGE
OMis
LET NOUSE
ST IS
LET NOUSE
oneG

BRIS.  LEI COMFZ
ST11 15
STII 1S
LBI COWTI
STI1 0
STI1 0
LBI 0. 11
0BD
JSR TIMER
LBI COUNT1
STIT 0
STIT O

LRI 0.15

SR TIHER
P BRIZ
i START TRANSHIT SEQUENCE
STRTX: LBI 0,7
0ED
LBI 0,15
0D
LBI FLAG!
SHE O
LBT CNTROL
§T11 7
;;?SR NVRAM
LBT Trewn

N

4,535,333
18

i TO NVRAM

i TERMINATE STORE TO NVRANM

i INITIALIZE COMPARE

i REGISTERS

iRESET CUUNTER REGISTERS

i TURN ON READY INDICATOR

i RESET COUNTER REGISTERS

i TURN OFF  INDICATOR

i INSTITUTE AN ARRAY RECALL

i CYCLE TO NVRAN

iSET READ FROM NVRAM FLAG

; STORE CONTROL WORD

s READ CHANNEL ID NUMEER

i CALCULATE CHECKSUN OF DATA BLOCKS AND ID NUMEER



4,535,333

19 20
212 0E0 00 CLRA
213 GEt 19 LB 1DNUM
214 (E2 31 _ADD
215 OE2 iA LBT BLK{
217 CES 1B LBI BLK2
218 CE4 31 ADD
215 (E7 IC LBI BLK3
20 (E3 31 ADD
221 0€9 1D LBI BLK4
222 0EA 31 ADD
223 0EB IE LBI CKSUM i STORE CHECKSUM TN CREIM
224 OEC 06 X0
225 i TRANSMIT SYNC PULSE
226 OED &B INITX.  LBI COMPY i INITILIZE COMPARE REGISTER
227 (£E 78 STI1 8
228 OEF 60 CLRA
229 OF0 3B LBI COMF1
230 UF1 SAQ LET ¢ i SET EN3=1, 80=1
231 OF3 §1 BrR19: -AISC | i TRAN3HIT LOGIC 1
232 0F4 21 SKE i FOR 500 USEC.
233 OF5 F3 JP BRIY
234 OF6 3361 LET ¢ i SET ENZ=0. 50=0
235 (F8 3B LBI COMP! i TRANSMIT LOGIC ©
236 OF% 70 STII 13 iFOR 1.5 MSEC.
237 OFR (0 CLRA

238 OFB 3B LBI COMPI

239 OFC 51 BRZ0:  AISC |

240 OFD 44 NGF
241 OFE 21 SKE
242 OFF &0FC JP BRZ0
243 101 44 NOP
244 107 44 NOP

245 i TRANSMIT DATA BLOCK



246 103 3
248 105 34
249 1% 70
250 107 2C
251 103 25
257 107 50
753 108 2361

254 10C 13

&

10D DO

758 10k 32

257 10F DY

288 150 22

259 111 6%CB

260 113 3E

261 114 TE

262 115 X

283 116 06

264 117 51

285 118 D7
287 114 2L
268 11B 25
269 11C 50
270 11D 3341
271 11F 03
272 120 E3
273 121 2
274 122 €4
215122 22
276 124 65Ck

277 126 E

3
3
~
2
e

&2
y

126 EA

NXBYTE:

BR21:

e
Lok

RG24

- 4,535,333
21

LBI BDPNT i INITIALIZE BD PUINTER TO
LET COMF2 iDATA TU EE TRANSMITTED
STIT 0

LBI BOPNT

Ltn2

LET | i SET EN3=0, $0=0
SEMET 3 i CHECK LOGIC STATUS OF EIT 3
JFOER2E iRAM R3=1

RC iRAM B3=0

J5R TIMIT

LBI SCRATC i 160 1SEC. TELAY
STII 14

LBI SCRATC

X0

AISC 1

F -l

LRI BIFNT

LD 2

CAR

LE i SET EN2=0, 80=0

SKMEZ

LS

i CHECK LOGIC STATUS OF BIT 2
JP BRZ3 i RAN BZ=1

REC iRAM BZ=0

J# PRZ4

sC

JSR TXMIT

LBl SCRATC i160 USEC [ELAY
STIT 14

Lél SCRATC

10

AILC

oo

22



283 12C 44
84 120 3¢
285 128 75

286 12F S0

257 130 3241

283 132 11
289 133 F&
270 134 32
291 135 F7

292 126 22

293 137 69(B  BR24:

294 137 3E
295 1R 7E
296 130 3E
297 13C 06
298 130 51
301 140 38
3027 141 25

302 142 S0

304 143 361

305 145 01

306 145 C9

307 147

w)
ry

302 {42 CA

309 149 22

310 138 &5CR

1 X

312 14D 05

313 14E 51

314 14F 44

315 150 04

316 151 05

317 152 3A

317 154 L1607

320 154 43

23
NOP

LET BOFNT
Lb 2

CAE

LET 1
SKMBI 1
JP BRIS
RC

J BR26
<

JSR TXMIT
LET SCRATC
STIT 14
LBI SCRATC
X0

AISC i

LBI BOPNT

Lo 2

"CAB

CLED Y

SKMBZ ©

JF R27

&

JSR TXMIT

LBI ELPNT

Lth o

AISC 1

NP

X0

LD o

LB] CoMP2

JME NYRYTE

NCP

4,535,333
24

i SET EN3=0, 50=0
i CHECK LOGIC STATUS OF BIT |
i RAM B1=1

i RAM B1=0

i 160 USEC  DELAY

i SET EN3=0, S0=0
5 CHECK LOGIC STATUS OF BIT 0
i RAM BO=1

i RAM EO=0

i INCREMENT ED POINTER

i LAST MEMORY LOCATIMI
N0

i YES



321 157 3341
322 15% 3B
323154 78
324 15B 00
325 15C 3B
326 15D 44

327 1%k 44

32% 15F 3B
0 160 75
331 141 G0
337 162 3t
AR 1863 247
34 145 51
35 144 21
336 147 ES
337 168 1381
e

RY 16A 3R
340 14B 72
341 1&C 76
342 14D ¢
343 16 70
344 16F 70
345170 4982

346 172 H0ED

355 178 B0

354 17C 181

25
LET 1

LB] CONP1
STIT &
CLRA
LET Conpl
NGF
NOF
i TRANSMIT TERMINATOR
LE] CMP1
eTIr 2
CLRA
LET COMPy
LET %
BRZ® ATS 1
SKE
R
LET §
i TRANGMIT ELANK TIME OF 28 MSEC
LET COMF2
STIT 2
STIT &
LET COUNT!
STI1 0
STIT 0
JER TIMER
MPOINITY
i SURROUITINES
i SUBROUTINE SAMPLE
SAMPLE: LBI COINTI
CLRA
NF
SKE
& SiRL
SLGET 0

M SUBL

4,535,333

iSET ENG=1, S0=1

i TRANSMIT LGHIC | FOR 500 UGER

P SET ENG=0, S0=0

i INITIALIZE COMPARE REGISTERS

RESET COUNTER REGISTERS

i RETRANSMIT DATA

i SETUP SAMFLING VALUE

i READ INPUT

26



357 178 22

358 17F 6192

359 181 32
350 182 48
351

367 183 3B
343 184 7F
364 135 7B
X518 XL
356 187 25

© 37 183 51 '
349 188 333
370 18C 39
371 180 3337
372 1&F OE
373 190 01
374 191 I8
375192 XL
376 193 25
377 194 %0
373 195 00

37% 196 333C

334 19D SO

&

198 BZE

g

1A0 06

8

1Al 3

1RZ 7F

:

1A3 ZF

370 1A% 2334

SlUB2:

SUE4-

27

JHP SUER

RET

SUBRCUTINE NVRAM

LB COMFl

STIT 1S

STII 11

LBI BOPNT

LD 2

AISC 1

0BD

LEI ONTRQL

OMG

LBI FLAG!

SKMBZ 0

WP SiB4

LBI BOFNT

Lb2

cae

CLRA

CAMG

LET §

JF GUES

LET EOANT

Loz

CAR

ING

X0

LBT NMUSE

STIT 15

LBI NOUSE

OMG

4,535,333
28

i INFUT IS A LOGIC O

i INFUT 1€ A LOGIC |

i INITIALIZE ED MEMORY PUINTER

i AND CDMFARE REGISTCR

i QUTPUT ADDRESS PGINTED TO

i BY COHPARE REGISTER

 QUTPUT CONTROL WORT T3

; MEMORY

i CHECK FOR READ (R WRITE
i FLAG

i READ FLAG

i WRITE FLAG

i WRITE TO NVRAM

+ENABLE L DRIVERS

i READN FRIM NVRAM

i INITIATE A DESELECT



395 1AB 06
394 1AL 05
397 18D 3B
3%8 1AE 21

399 1AF 6184

400 1B1 48

407 1E7 2D
03 183 00
404 1E4 5
405 {ES Fi
404 1BS 0S
407 187 5
408 183 FD
409 1B9 07
410 1BR G5
411 {ER S
417 155 8
413 1ED 05
413 {EE 34

15 1BF 05

416 1C0 2C
417 101 21
418 1C2 61E2
419 1C4 3B )
420 105 05
422 107 11

23 108 aiEZ

424 1CB 3B

TIMER

LRl

TIMIT

29
LET 1

LET ROPNT
o
AISC 1
X0

Lo o

LEI COMP
SE

M SUBS
RET

LBI COUNTO
CLRA

Al |

Jeoo-t

Xa
LB COMPZ

Lo o

LBI COUNTY
SE
MMP TIMER
LBI Comet
(RO

GE
S TIHER

RET

4,535,333
30

i DISAELE L DRIVERS

i STORE NEW VALUE F(R

i MEMORY FOINTER

i LAST MEMORY LOCATION -
+ ACCESSED?

iNO

i YES

» 640 USEC. DELAY LOGP
i COLNTO CONTENTS TO ArCU

iRDM 1 TO ACCU

i STORE ZERD IN COUNTO
i IECREMENT TO COUNTI

7ADD 1 TO COUNTI

i COMPARE COUNTERS TN

i COMFARE REGISTERS

i SKIF TF MOST SIGN COUNT

i EQUALS COMPZ

iEQUALS QUNTO
N0, INSTITUTE ANNTHER CYCLE

TRANGMIT SUBROUTINE

LBI COMPY



440

441

442

443

444

A4

447

448

439

450

452

453

454

1 73

1C0 00

100 3349
1z 81
e 21

104 02

iD& TF
167 3B

108 73

10D 0B
10E 48
1F 3361
1E1 3B
1£2 73
{E3 3B
1E4 00
1ES 51
1E6 21
1E7 ES

18 48

BOPNT 003D

BLK3

BR11

BRIS

001D

0074

0099

0111

0137

INC3

BEGIN

BLK4

BRZ3

" wa

31
STIT 3

(LRA
LBT COMF'
NEF

LEI 9

WE

P INGI
e

JF TRANSO
LBI COtF1
STIT 4
LBI COifPy
CLRA
ALSC 1
SE

» N2

RET

TRANZO: -LET 1

LET CONF1
STII 3
LBI COMF
CLRA
AISC 1
SKE

P INCS
RET

Fan

0075 BLKI
00LE  ERI
0085 BRI3
0 ERIT
001E  BRZ0
0123 BRZA

0149 BRZS

00FC

0124

014A

4,535,333
32

i SET EN2=1, S0=1

1250 USEC. LGOP

i TRANSMIT A LOGIC 1, 50=]

i TRRNSMIT A LOGIC 0, 50=0

1230 USEC. LOOF

i SET EN3=0

i 180 USEC. LOGF

HKZ  001C
BRIO 0076
BRI4 0094
ERIS  OOET
BRZL 0110

55 01%

BR27 0185



4,535,333
33 34

BR7  0049F ERS 0047 ERY  00:R BRFNT 003 #
CKSIM 00tF CNTROL 0034 COHPY 003 CoHFZ 002D

COUNTO 00ZE COUNTY 002D COUNTZ 002C & FLAG! OOCF
TONUM 0014 INCE 01D INC2  01DB INC3  O1ES
INITX  OOED IRIN  002F LOOKT  003% LP1  OIED
NOUSE 0030 RVRAM 0183 NXBYTE 0107 REPEAT 00SE
SAMPLE 0174 SCRATC 003F START  OOOE STRTX  00DO
SUBI 0176 SUB2 0181 SUB? 0182 SUR4  01%B
SUBS  01A1 SUES  018¢ TINER 01B2 TRANS0 01DF

TXMIT 01CR
NO ERROR LINES

489 ROM WORDS USED

SIUIRCE CHECKSUM = S0C2

OEJECT CHECKSW = (OB
INPUT FILE  GENUSER. JANN SRC ~ WN: i
OEJECT FILE  GENUSER. JANN LM

1 ; RECEIVER SOFTWARE L ISTING

[N]

(2

4 i "CORYRIGHT 1982

b= i CHAMEERLATN MANUFACTLIRTNG CORFORATION

& i ALL RIGHTEZ RESERVEDR™

7 ;

=3 i

&4 ;
10 GO1F CEELM = 1,15 | R
11 QOLE BLE4 = 1,14 i INFORMATION BLOCE
12 Qa1 | BLEZR = 1, 1% s INFORMATTION RLOCE =
13 Qo1 BLEZ = 1,12 i INFORMATION BLDCE
14 OO1E ELEl = 1,11 i INFORMATION BLIOCE

15 001A IONLM = 1,10 i 1. T NUMEER

[



J
[ix]

X
0y
o]

»

(2]

(»]
e

e

47

QOO0
o0l

QO

=003

v 004 =

QOZF

QQIE

QOZI

OOT

QOERF

QOEE

[#182CH]

QO

QOZE

[SIRICTAY

0050

[SISIsT Y

QOOF

QOGN

QOO

OO0NE

QO0G

QoD%

Q0

l
m

Q0% 33

007 3

QO

QO 3

. QOE

QOF

010

011

P O0R 50

35

i INTTTAIL

LET

IRIN =

DOUNTO =

COUNT Y = 7
DOLINTS = 2

BURATL = 3
ERFNT
ROFNT = 3,
comMrl = 3
CoOMFZ = 3
CNTROL = &
NOTESF = 3,
[ S B
RELE4 = O,
RELED = 0,
RELEZ =
RELEL
RIONLM =
FLAGL
IZATION
CILRA
LET SCRATC
=TI 1S
CE
SLRATE
MG

L AMI

LETI O

CAR

ORD

LET FLAG1

LET

CNTRICL

=TIT 7

LET 0,7

4,535,333

s 13
s 17

» 10

O

RV

14

13

O, 12

= 0,11

0, 10

= 0, v

i

i

)

]

i

i

i

i

i

; GF

BR

INFRARED

GF

COILINT

F COINT

36

INFLUT CHUNTER

ZOLUNTER G

ER 1

ER 2

SCRATOH FAD REGISTER

B MEMOR

COMFARE

COMEARE

CONTRML

CErRGTIH

P INITTALTZE G

i

i

MEMIRY

FOINTER

Y FOINTER

REGISTER 1

REGISTER Z

WHRD REGISTER

Pan REGTSTER

FIORT

INITIALYZE L PORT

TRISTATE

SET

INITIALIZE I

SET READ

L. FORT

9]

FORT

=1 A% ZHIFT REGIETER

FROM NVRAM FLAG

STORE ZONTROL WORI

INETITUTE AN ARRAY

RECALL



0F

= O0ZA

OZ:

Q2

Ozl 2

OZE

QZF

=0 2

0zl

0

Py

o

AOF S

0

47

TE

I

c

FA

AR

RICT NS T

37

START:

NGF N

ER1:

LRZ:

4,535,333
R
LEET 0, 15
=T
JER O NVRAM
LT NOUSE
INL
SEMRBEZ =
JAME RFEGTN
LET FLA
SMEO1
LET NOzE
CLRA
X 0

LET BLEL

i

AR BRI

LET ELE

3

ohE

JEO BRI

LET BLEZ

by

i E

AP RER1
LET BlLE4
=HE

JF BRY
LEY O, 11
STIT 15
HETT1O14

TTT 4w
IR S R g

ST77 12
JPBRZ
JER RANDM

LFET 0,11

38

i DYITLE

P DHECE FOR PROGRAM SW

CLOSURE

NCL - MONTTOR RECEIVE

P YR

P EET PROGRAM FLAG

P DHECE FOR ALL ZERD

i BLE1=0

i BLEZ=0

i BLEZ=0

PRLE =0

i ALL BLOCKS ERUAL O

s STORE DEFAULT NUMEER

i GENERATE

ITCH

INFUT

FROGRAM SWTTOH CLOSEDR

INFLITES

NEW RANIIE NLUIRRER

i TRANSFER GENERATEL NLMEER

PTO OBLOCESZ 1 THRU 4



104

105

104

107

10E

102

110

11z

113

11%

QG

OZF

Q40

Q41 =

Q4n

O4E =

0 O4F

(815

O

OSSR

(8 LT

ash

QEE

QSF

L0

39

4,535,333
40

LEI O, 1%

ILET O, 13

LET FLAGL i PROGRAM NEW CODE

RME O i T NVRAM

LRET ONTROL

STTY =

JdZRNVRAM

LET NOLZE P INSTITUTE A& STORE COMMAND
STIY 13

LET NOLZE

DG

LET NOUSE

=711 1% i TERMINATE STORE COMMARND
LEI NOUSE

MG

i CALCULATE DATA RILOCE CHECESL

CLRA

LET BLE1L

AL

LET BLEZ

AN

LET ELE!

AT




01

062

L OAS

124

e
b

1324

&OT0

o 44

. 44

Qzz

4,535,333
41

i TRANSMIT SYNC PULSE

INITX: LET CompPi

o

TIi1

o

LLRA
LET COMFL

ER1%:

R ERLY

LET 1

LET ©oMP1

=TTV O3

N

LET iRy

R0 ATED

INCiF

ZKE

JAMEC BRZO

NEF

NUIF

i TRANSZMIT DATA BLOCK
LEYI LBDFNT

STII 14

LET ComMes
STIT O

NXEYTE: LLEI EDFNT

[ 4

AR

LET 1

JFBRZA
R
JSEORBREZE

ERZ1: =

42

i INITILIZE COMPARE REGISTER

P SET ENE=1, S50=1
P TRANSMIT LOGIC 1
s FOIR 500 LSEC

i ZET ENZ=0, =0=0
P TRANSMTT LOGEID O

P FIR 1 MEFET

P INTITIALIZE BD POINTER T
i FIRST AND LAST LOCATION 0OF

P DATA TH BE TRANSMYTTED

i ZET ENZ=0, S0=0

P CHEDE LOGTC STAaTUS OF BIT X

i RaM RBE=q

i REM EE=0



161 020

165 021

Q25

L OPES

O -

Qw7

171 095

d

%A

ZOO%R

Qi

QT

QoE

O%F

[WTaTy]

QOA1l

OAZ

NG TAV S

I TS

OA7

155 0As

QA%

QAA

t2s QAR

SR

43

EALF BREZE

Q90 S

AARLF ERE4:
=R -

7E

=E

04

OAZ 5C

AL

s ERZS:

6ALF BRZEG:

4,535,333

JER TAMIT
LET SCRATE
STIT 14
LEY SDRATE
X O

ATEC 1

P -1

NOF

LET BDENT

SEMEZ ¥
JFORRIZE
R

JF BRZA
=i

JER OTXMIT
LET SCRATE
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I claim as my invention:

1. Apparatus for controlling a receiver with a remote
radio frequency transmitter comprising a first micro-
processor and a first memory means in said receiver for
storing at least one address code, non-radio frequency
transmitting means in said receiver, switch means for
energizing said non-radio frequency transmitting means
to transmit an address code, a non-radio frequency re-
ceiving means in said transmitter for receiving said
address code, a second micro-processor and second
memory means in said transmitter for storing said ad-
dress code, radio frequency radiating means in said
transmitter for radiating said address code, receiving
means in said receiver for receiving said radio fre-
quency radiated address code, said first micro-processor
in said receiver comparing the received address code
with the address code stored in said first memory, an
output circuit energized by said comparing means when
said addresses are the same, wherein said first memory
means comprises a non-volatile memory and a program-
mable read only memory and said second memory
means comprises a non-volatile memory and a program-
mable read only memory.

2. Apparatus according to claim 1 wherein said first
micro-processor is programmed to operate as a pseudo
random number generator to generate a plurality of
different address codes to allow the address codes in
said transmitter and receiver to be changed.

3. Apparatus according to claim 2 wherein said non-
radio frequency transmitting means is a light radiator.
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4. Apparatus according to claim 3 wherein said non-
radio frequency receiving means in said transmitter is a
light detector.

5. Apparatus according to claim 2 wherein said non-
radio frequency transmitting means in said receiver is an
electrical conductor.

6. Apparatus according to claim 4 wherein said ad-
dress code comprises a serial binary code of pulse
length modulated form of a plurality of word lengths.

7. Apparatus according to claim 6 wherein said ad-
dress code contains a binary check block for indicating
whether a correct signal has been received.

8. Apparatus according to claim 6 wherein said ad-
dress code contains a binary synchronizing block for
synchronizing the transmitter and receiver.

9. Apparatus according to claim 6 wherein said ad-
dress code contains a terminating block.

10. Apparatus according to claim 6 wherein said
address code is repeated and each address code is sepa-
rated by a blanking period.

11. Apparatus according to claim 2 including a first
octal latch in said receiver which is connected to said
first micro-processor.

12. Apparatus according to claim 2 including a sec-

ond octal latch in said transmitter.
* * * * *
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