Lampiran 1 : Proses Realisasi.

07/04/2010

07/04/2010

3. Pembuatan modul LED. 4. Pembuatan modul matrix
photodiode bagian atas.

07/04/2010

5. Pembuatan modul matrix 6. Pembuatan casing.
photodiode bagian bawah.

55

UNIVERSITAS INDONESIA
Rancang bangun ..., Supomo, FT Ul, 2010



08/06/2010

8. Pembuatan modul pengambil
data.

10. Pembuatan modul tampilan data.

11. Pengujian dan pengambilan data.
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Lampiran 2 : Li

st program.

main program

Tabel 3.4.1. List

’

;= MOD

UL SENSOR MATRIX ARRAY PHOTODIODE =
SISTEM SCAN DATA MATRIX ARRAY =
UNIVERSITAS INDONESIA =

REV Juni 2010 =

; Input : Rece
; Output : Data
; Call Program: 1.
; 2.
; 3.
; 4.
org
1jmp

; Inisialisasi pet

org
1mp

intOisr reti
org
1jmp

t0isr reti
org
1jmp

intlisr reti
org
1jmp

tlisr reti
org
1imp

ntx reti

; FUNGSI

; p3.0

; p3.1

; p3.2

; p3.3

; p3.4

; p3.5

; p3.7

; FUNGSI

; bit simbol

; IE.7 EA
; IE.6 -

ive code data matrix array ASCII 30h ... 3fh
posisi kemiringan

Init LCD.

T Motor.

Program UTAMA.

Uji 1.

a alamat interup
0003h ;service routine int ext0 ISR intO
intOisr ;atau EIO untuk counter bcd

000bh ;service routine timer0O ISR TO mode 1
tO0isr ;atau TFO untuk program jam
0013h ;service routine intextl ISR intl
intlisr ;atau EI1 untuk

001bh ;service routine timerl ISR T1
tlisr ;atau TF1 untuk

0023h ;service routine serial port ISR Tx/Rx

ntx ;ISR RX au R1/T1 untuk
PIN PORT3
= RxD
= TxD
= IntO ;untuk keyboard
= Intl ;untuk printer
= T0
= T1
= 1I/0
INTERUPT ENABLE
add bit deskripsi
afh global enable/disable
aeh undefined
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; IE.5 ET2 adh enable T2 int
; IE.4 ES ach enable serial port int
; IE.3 ET1 abh enable T1 int
; IE.2 EX1 aah enable external intl
; IE.1 ETO a%h enable TO int
; IE.0 EXO a8h enable external intO
org 0030h
; BLOK PROGRAM INISIALISASI
; 1. Stack pointer = 2fh
; 2. TimerOQ
; 3. Timerl
; 4. Keyboard PC-AT
; 5. LCD
; 6. Printer
main:
SetupRDY : mov r7,#0ffh
al mov ro,#ffh
az djnz r6,a2
djnz r7,al
mov sp, #5fh
clr pl.0
clr pl.l
clr pl.2
clr r2.7 ;back light LCD

lcall init LCD
UJr 1 lcall t motor
lcall PROGRAM UTAMA
sjmp UJI 1
end
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Tabel 3.4.2. List sub program pengambilan data

;= MODUL SENSOR MATRIX ARRAY PHOTODIODE =
i= SISTEM SCAN DATA MATRIX ARRAY =
i= UNIVERSITAS INDONESIA =

;= REV Juni 2010 =
; Fungsi : Mengambil data dari matrix array photodiode

; Input : Sensor matrix array photodiode 8 x 8

; Output : Data Hexa 8 byte

; SubProgram: 1. Scan Code

; 2. Transmit Code

; Waktu Total : 8987M = 8,987 mS

; Inisialisasi peta alamat interrup
org 0003h ;service routine int ext0 ISR intO
clr ie.0 ;disable intO
1imp Transmit CODE ;atau EIO untuk counter bcd
intOisr reti

org 000bh ;service routine timer0 ISR TO mode 1
1jmp t0isr ;atau TFO untuk program Jjam

t0isr reti ;
org 0013h ;service routine int extl ISR intl
1jmp intlisr ;atau EI1l untuk

intlisr reti
org 001bh ;service routine timerl ISR T1
1jmp tlisr ;atau TF1 untuk

tlisr reti
org 0023h ;service routine serial ISR Tx/Rx
1imp ntx ; ISR RX ;atau R1/T1 untuk

ntx reti

; FUNGSI PIN PORT3

; p3.0 = RxD

; p3.1 = TxD

; p3.2 = IntO0 ;untuk keyboard

; p3.3 = Intl ;untuk printer

; p3.4 = TO

; p3.5 = T1

; p3.7 = 1I/0

; FUNGSI INTERUPT ENABLE

; bit simbol add bit deskripsi

; IE.7 EA afh global enable/disable

; IE.6 - aeh undefined

; IE.5 ET2 adh enable T2 int

; IE.4 ES ach enable serial port int
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; IE.3 ET1 abh enable T1 int
; IE.2 EX1 aah enable external intl
; IE.1 ETO a%h enable TO int
; IE.0 EXO a8h enable external intO
org 0030h
main: mov ie, #00h
SetupRDY: mov r7,#100
al mov r6, #200
az djnz r6,a?
djnz r7,al
mov 2ch, #20
mov 2dh, #30h
mov sp, #5fh
;enable int0
setb p3.2
mov ie, #81h
Sjmp S
; Input 20h 2fh
; Output serial data mode SPI (serial peripheral
interface
; p2.0 = output clock '0' ke rx
; p2.1 = output data ke rx
; status pertama sebagai acknowledge intO
;Register r0 = alamat data
; r2 = counter bit
; r3 = counter byte
;Proses 1. Scan CODE untuk simulasi memakai MODE SCAN
; 2. Trans conv
; 3. Proses kirim serial
; Waktu Total : 8987M = 8,987 mS
ISR _INTO:
Transmit CODE:
push eOh
push dOh
push 03h
push 02h
push 00h
lcall Scan_Code
lcall TRANS_CONV
;proses kirim serial
mov r0, #20h
mov r3,#08
tx 2 mov r2,#08
mov a,@r0
tx 1 rlc a
;data dikirim
mov p3.2,cC
;clock diaktifkan '0' dan tunggu 'l' dari rx
clr p3.1
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tx la

tx 2a

lcall dly 10us
lcall dly 10us
lcall dly 10us
lcall dly 100us
setb p3.1

djnz r2,tx 1
;selesai satu byte
inc r0

djnz r3,tx 2

;selesal semua 16 byte

’

pop 00h
pop 02h
pop 03h
pop dOh
pop eOh
;into di enable lagi
setb p3.2
setb ie.0
RETI

clr p3.1
Jnb p3.1,$
sjmp tx 1
mov r2,#08
clr p3.1
jnb p3.1,%
sjmp tx 1

; Baca data scan Code Matrix Array

C4=pl.7

; Port O '0'" -=> R0O=p0.0 R7=p0.7
; Port 1 '1' -=> CO0=pl.0 C3=pl.3 ;
; Buffer input = p2
; Buffer data = 20h ..... 27h
; sp = 5fh
; Total waktu = 151 M = 151 uS
Scan Code: mov pO, #00h

mov pl, #ffh

mov r0, #20h

push eOh

push dOh

push 00h

clr pl.0

lcall dly 10us

mov a,p2

clr a.l

mov @r0, a

inc r0

setb pl.0
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lcall dly 10us
mov a,p2
clr a.l
mov @r0, a
inc r0
setb pl.1l
clr pl.2
lcall dly 10us
mov a,p2
clr a.l
mov @Qr0, a
inc r0
setb pl.2
clr pl.7
lcall dly 10us
mov a,p2
clr a.l
mov @r0, a
inc r0
setb pl.7
clr pl.6
lcall dly 10us
mov a,p2
clr a.l
mov @r0, a
inc r0
setb pl.6
clr pl.5
lcall dly 10us
mov a,p2
clr a.l
mov @r0, a
inc r0
setb pl.5
clr pl.4
lcall dly 10us
mov a,p2
clr a.l
mov @r0, a
inc r0
setb pl.4
clr pl.3
lcall dly 10us
mov a,p2
clr a.l
mov @r0, a
inc r0
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dly 10us: nop ;1 M
nop ;1M
nop ;1M
nop ;1M
nop ;1M
nop ;1M
ret ;2M total= 8 M + lcall 2M = 10M = 10 uS

dly 100us: mov rl, #7
dd1l lcall dly 10us

djnz r7,ddl

nop

nop

nop

nop

nop

nop

nop

nop

nop

nop

nop

ret ; total = 100M
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SUB PROGRAM Receive Code

; Fungsi Untuk mengambil data sensor dari modul matrix
array.
; Mode Serial peripheral interface (SPI)
; Input 20h 2fh
; Output : serial data tanpa RS232
; p3.5 = output clock serial '0'
; p3.6 = input-output data serial
; status pertama sebagai acknowledge intO
;Register r0 = alamat data
; r2 = counter bit
; r3 = counter byte
;Proses 1. Scan CODE untuk simulasi memakai MODE SCAN
; 2. Trans conv
; 3. Proses kirim serial
; Waktu Total 900 M = 900 pS.
Receive CODE:

push eOh

push dOh

push 03h

push 02h

push 00h

;proses terima serial

;sinyal start/reques

clr p3.6

nop

setb P3.6

setb 3.5

mov r0, #20h

mov r3,#08
rx 2 mov r2,#08

;tunggu clock diaktifkan 'O’
rx 1 jb p3.5,%

mov c,p3.6

mov a,@r0

rlc a

;data diambil

mov @r0, a

djnz r2,rx la

;selesai satu byte

inc r0

djnz r3,rx 2a

;selesal semua 16 byte

pop 00h

pop 02h

pop 03h

pop dOh
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;into di enable lagi

setb p3.6
setb p3.5
clr 01lh
clr 09h
clr 11lh
clr 19h
clr 21h
clr 29h
clr 31h
clr 3%h
ret
;tunggu clock diaktifkan '1'
rx la jnb p3.5,8
sjmp rx 1
rx 2a mov r2,#08
Jnb p3.5,8
S jmp rx 1
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’

; SUB PROGRAM Trans Conv
; Fungsi : Untuk mengkonversi bentuk Tabel data Row (20h-27h)
; ke bentuk Colom (28h-2fh)

; Input : Alamat 20h - 27h
; Output : Alamat 20h - 27h dan 28hh - 2fh

; 1. Data Row untuk posisi depan & belakang

; 2. Data Colom untuk posisi kanan & kiri

; 3. Lihat keterangan pada subroutine CARI POSISI
; Waktu Total : 1.456 M = 1.456 uS.

trans conv: mov r0, #20h

mov rl,#28h

mov r2,#00 ; oup

mov r3,#08h ; down

;proses transfer konversi Tabel data x-->y
rotet: push 00h

inc r2

push 02h

mov a,@r0
rotl rlc a

djnz r2,rotl

MOV £f7h,c

pop 02h

push 02h

inc r0

mov a,@r0
rot2 rlc a

dinz r2,rot2

MOV foéh,c

pop 02h

push 02h

inc r0

mov a,@r0
rot3 rlc a

djnz r2,rot3

MOV f5h,c

pop 02h

push 02h

inc r0

mov a,@ro
rot4 rlc a

djnz r2,rot4

MOV f4h, c

pop 02h

push 02h

inc r0

mov a,@r0
rotb rlc a

djnz r2,rotb
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rot6

rot’7

rot8

MOV
pop
push
inc
mov
rlc
djnz
MOV
pop
push
inc
mov
rlc
djnz
MOV
pop
push
inc
mov
rlc
djnz
MOV
bop
;———-selasai
mov
mov

pop

inc

djnz
;———selesai
Ret

end

f3h,c
02h

02h

r0
a,@ro0

a
r2,rotb
f2h, c
02h

02h

r0
a,@ro

a
r2,rot7
flh, c
02h

02h

r0
a,@r0

a
r2,rot8
f0h, c
02h

1 byte
a, £f0h
@rl, a

00h

rl

r3, rotet
semua byte

Rancang bangun ..., Supomo, FT Ul, 2010
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; Proses hitungan data
; Data: Depan 1lsb 30h msb 31h

; Belakang 1sb 32h msb 33h
; Kanan 1lsb 34h msb 35h
; Kiri 1sb 36h msb 37h

; Data temporer 38h
; Output reg. B = 00 = normal

; = 01 = depan

; = 02 = belakang

; = 03 = kanan

; = 04 = kiri

; Waktu Total : 2.161 M = 2.161 pS.

HITUNG: mov r0, #30h
mov rl,#08
clr a

clr bf mov @r0,a
inc r0
djnz rl,clr bf
lcall Depan
lcall Belakang
lcall Kanan
lcall Kiri

; bandingkan semua msb

mov a,31h

cine a, #00h,dm ada
mov a,33h

cjne a, #00h, dm ada
mov a, 35h

cjne a, #00h, dm_ada
mov a,37h

cjne a, #00h, dm ada
; bandingkan semua 1lsb
mov a,30h

cjne a, #00h,dm ada
mov a,32h

cjne a, #00h,dm ada
mov a,34h

cjne a, #00h,dm ada
mov a, 36h

cjne a, #00h,dm_ada

;berarti nol semua
;set b = 00h = normal

1lijmp keluar hitung

; Bandingkan depan - belakang
dm_ ada clr C

mov a, 30h

subb a,32h

mov a,31lh

subb a, 33h

jc b besar
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b besar

kn besar

kr besar

;d besar

; Bandingkan depan - kanan
clr C

mov a, 30h

subb a, 34h

mov a,31h

subb a, 35h

jc kn besar

;d besar

; Bandingkan depan - kiri
clr c

mov a, 30h

subb a, 36h

mov a,31lh

subb a,37h

jc kr besar

; depan paling besar

mov b, #01h

1jmp keluar hitung

; Bandingkan belakang - kanan
clr C

mov a,32h

subb a,34h

mov a,33h

subb a, 35h

jc kn besar

;b _besar

; Bandingkan belakang - kiri
clr c

mov a,32h

subb a, 36h

mov a,33h

subb a,37h

jc kr besar

; belakang paling besar

mov b, #02h

1jmp keluar hitung

; Bandingkan kanan - kiri
clr c

mov a, 34h

subb a, 36h

mov a, 35h

subb a,37h

jc kr besar

; kanan paling besar
mov b, #03h
limp keluar hitung

; kiri paling besar
mov b, #04h
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1jmp

keluar hitung RET

keluar hitung

mov
lcall

; alamat
; mul ab
mov

; alamat
mov
lcall

; alamat
; mul ab
mov

; alamat
mov
lcall

; alamat
; mul ab
mov

lcall

; alamat
; mul ab
mov

lcall

; alamat
; mul ab
mov

r0, #20h
jumlah d
20h dikalikan n=1
--> msb di b 1lsb di a
a,38h
b, #01h
ab
total d

r0, #21h
jumlah d
21h dikalikan n=2
--> msb di b lsb di a
a, 38h
b, #02h
ab
total d

r0, #22h
jumlah d
22h dikalikan n=3
-—=> msb di b 1lsb di a
a,38h
b, #03h
ab

jumlah d
23h dikalikan n=4
--—> msb di b lsb di a
a,38h
b, #04h
ab

r0, #24h
jumlah d
21lh dikalikan n=5
--> msb di b 1lsb di a
a,38h
b, #05h
ab
total d
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jumlah d:

ht_di1

ht d2

tmp_ d

total d:

jumlah _d

;counter bit

Belakang:

; alamat 25h dikalikan n=6
; mul ab -=> msb di b 1lsb di a
mov a, 38h

mov b, #06h

mul ab

lcall total d

; alamat 26h

mov r0, #26h

lcall jumlah d

; alamat 26h dikalikan n=7
; mul ab --> msb di b 1sb di a
mov a, 38h

mov b, #07h

mul ab

lcall total d

; alamat 27h

mov r0, #27h

lcall jumlah d

; alamat 27h dikalikan n=8
; mul ab ——> msb di b 1lsb di a
mov a,38h

mov b, #08h

mul ab

lcall total d

el — depan selesai

RET

mov r3,#08

mov 38h, #00h

mov a,@r0

rlc a

jc tmp d

djnz r3,ht dil

ret

;data temporer

inc 38h

sjmp ht d2

add a,30h

mov 30h, a

mov a, fOh ;reg b
addc a,31lh

mov 31h,a

ret

mov r0, #27h

lcall jumlah b

; alamat 27h dikalikan n=1
; mul ab --> msb di b 1lsb di a

mov
mov
mul
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; alamat
mov
lcall

; alamat
; mul ab
mov

lcall

; alamat
; mul ab
mov

mov

mul

lcall

; alamat
; mul ab
mov

; alamat
mov
lcall

; alamat
; mul ab
mov

; alamat
mov
lcall

; alamat
; mul ab
mov

mov
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r0, #26h
jumlah b
26h dikalikan n=2
--> msb di b 1lsb di a
a,38h
b, #02h
ab
total b

r0, #25h
jumlah b
25h dikalikan n=3
--> msb di b 1sb di a
a, 38h
b, #03h
ab

jumlah b
24h dikalikan n=4
--=> msb di b 1sb di a
a,38h
b, #04h
ab
total b

r0, #23h
jumlah b
23h dikalikan n=5
-—> msb di b 1lsb di a
a, 38h
b, #05h
ab
total b

r0, #22h
jumlah b
22h dikalikan n=6
--> msb di b 1lsb di a
a,38h
b, #06h
ab
total b
21h
r0, #21h
jumlah b
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jumlah b:
hit depan
ht bl

ht b2

tmp_ b

total b:

;counter bit

; alamat 21h dikalikan n=7

; mul ab --> msb di b 1sb di a
mov a, 38h

mov b, #07h

mul ab

lcall total b

; alamat 20h

mov r0, #20h

lcall jumlah b

; alamat 20h dikalikan n=8

; mul ab --> msb di b 1sb di a
mov a, 38h

mov b, #08h

mul ab

lcall total b

P ——ar depan selesai

RET

mov r3,#08

mov 38h, #00h

mov a,@r0

rlc a

jc tmp b

djinz r3,ht bl

refe

;data temporer

inc 38h

sjmp ht b2

add a,32h

mov 32h,a

mov a, £f0h ;reg b
addc a, 33h

mov 33h, a

rejt

mov r0, #28h

lcall jumlah kn

; alamat 28h dikalikan n=1

; mul ab --> msb di b 1lsb di a
mov a, 38h

mov b, #01h

mul ab

lcall total kn

; alamat 29h

mov r0, #29h

lcall jumlah kn

; alamat 29h dikalikan n=2

; mul ab --> msb di b 1lsb di a
mov a,38h

mov b, #02h

mul ab

lcall total kn
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lcall

; alamat
; mul ab
mov

2ah dikalikan n=3
--> msb di b 1lsb di a

r0, #2ah
jumlah kn

a, 38h
b, #03h
ab

; alamat
mov
lcall

; alamat
; mul ab
mov

2bh dikalikan n=4
-—> msb di b 1lsb di a

r0, #2bh
jumlah kn

a, 38h

b, #04h
ab

total kn

; alamat
mov
lcall

; alamat
; mul ab
mov

2ch dikalikan n=5
-——> msb di b 1lsb di a

r0, #2ch
Jumlah kn

a, 38h

b, #05h
ab

total kn

lcall

; alamat
; mul ab
mov

2dh

2dh dikalikan n=6
-—> msb di b 1lsb di a

r0, #2dh
jumlah kn

a, 38h

b, #06h
ab

total kn

lcall

; alamat
; mul ab
mov

2eh dikalikan n=7
--> msb di b 1lsb di a

r0, #2eh
jumlah kn

a, 38h
b, #07h
ab

; alamat
mov
lcall

; alamat
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2fh dikalikan n=8

r0, #2fh
jumlah kn
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jumlah kn:

hit kanan
ht knl

ht kn2

tmp_ kn

total kn:

; mul ab --> msb di b 1lsb di a

mov

mov
mov
mov
rlc
jc
djnz
ret

a, 38h

b, #08h
ab

total kn
selesai

r3,#08
38h, #00h
a,@r0

a

tmp kn
r3,ht knl

;data temporer

inc
sjmp
add
mov
mov
addc
mov
refe

38h
ht_kn2

a, 34h
34h, a
a, f0h
a, 35h
35h, a

;counter bit

;reg b

mov
lcall

; alamat
; mul ab
mov

r0, #2fh
jumlah kr

2fh dikalikan n=1
-—> msb di b lsb di a

a, 38h

b, #01h
ab

total kr

; alamat
mov
lcall

; alamat
; mul ab
mov

r0, #2eh
jumlah kr

2eh dikalikan n=2
--> msb di b lsb di a

a, 38h

b, #02h
ab

total kr

; alamat
mov
lcall

; alamat
; mul ab
mov

mov

mul
lcall
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2dh

r0, #2dh
jumlah kr

2dh dikalikan n=3
-—> msb di b 1lsb di a

a, 38h

b, #03h
ab

total kr
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jumlah kr:

hit kiri

lcall

; alamat
; mul ab
mov

2ch dikalikan n=4
--> msb di b 1lsb di a

r0, #2ch
jumlah kr

a, 38h
b, #04h
ab

; alamat
mov
lcall

; alamat
; mul ab
mov

2bh dikalikan n=5
-—> msb di b 1lsb di a

r0, #2bh
jumlah kr

a, 38h

b, #05h
ab

total kr

; alamat
mov
lcall

; alamat
; mul ab
mov

2ah dikalikan n=6
-——> msb di b 1lsb di a

r0, #2ah
Jjumlah kr

a, 38h

b, #06h
ab

total kr

lcall

; alamat
; mul ab
mov

2%h

29h dikalikan n=7
-—> msb di b 1lsb di a

r0, #29h
jumlah kr

a, 38h

b, #07h
ab

total kr

lcall

; alamat
; mul ab
mov

Rancang bangun ..., Supomo, FT Ul, 2010

28h

28h dikalikan n=8
--> msb di b 1lsb di a

r0, #28h
jumlah kr

a, 38h

b, #08h
ab

total kr
selesai

r3,#08
38h, #00h
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mov a,@ro0

ht krl rlc a
jc tmp kr

ht kr2 djnz r3,ht krl
ret
;data temporer

tmp kr inc 38h
sjmp ht kr2

total kr: add a, 36h
mov 36h,a
mov a, foOh ;reg b
addc a,37h
mov 37h,a
ret

end
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Tabel 3.4.6.List sub program cari posisi.

; SUB PROGRAM Cari Posisi

; Fungsi : Untuk menentukan arah posisi Kemiringan

; Prinsip : Menjumlahkan dgn bobot yg berbeda antara arah F.
; Input : 20h ... 2fh

; Output : register B

; Untuk mencari posisi kemiringan jika
; 1. Depan dimulai dari alamat 20h=ffh --> 27h=ffh

; 2. Belakang dimulai dari almat 2fh=ffh --> 20h=ffh
; 3. Kanan dimulai dari alamat 28h=ffh --> 2fh=ffh

; 4., Kiri dimulai dari alamat 2fh=ffh --> 27h=ffh

; Register: r0 = address input

; 7eh = counter derajat kemiringan atau posisi

; 01 = posisi 1

; 02 = posisi 2

; 08 = posisi 8

; r2 = counter address
; b = flag arah kemiringan
; - flag _depan b.0 = "1
; - flag belakang b.1 = '1!
; - flag kanan b.2 = '1"
; - flag kiri b.3 = '1"
; Waktu Total : ... . M= ...... mS
CARI POSISI:

push eOh

push d0Oh

push 02h

push 00h

;dimulai dari arah depan
;semua flag posisi dihapus dan counter posisi

clr a
mov b,a
mov 7eh, a

; cek depan

depan mov r0, #20h ;up address
mov 7eh, #00h
mov r2,#08
dpn 1 mov a,@r0
cjne a, #ffh,cek dpn
setb b.0 ;flag _depan
inc 7eh
inc r0
djnz r2,dpn 1
cek dpn Jnb b.0,belakang
mov a,@r0
cjne a, #24h,dpn 3
inc r0
inc 7Teh
djnz r2,dpn 1
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dpn_ 3

dpn 2

belakang

blk 1

cek blk

blk 2

kanan

kkn 1

cek kkn

kkn 2

kiri

kri 1

a,r2

a, #00h,dpn 2

ada posisi

;cek belakang

mov
mov
mov
mov
cjne
setb
inc
dec

r0, #27h
7eh, #00h
r2,#08
a,@ro0

;down address

a, #ffh,cek blk

b.1l

7Teh

r0
r2,blk 1

b.1, kanan
a,r2

;flag belakang

a, #00h,blk 2

ada_posisi

r0

kiri

r0, #28h
7eh, #00h
r2,#08
a,@r0

;up address

a, #ffh, cek kkn

b.2

7Teh

r0
r2,kkn 1

b.2,kiri
a,r2

;flag kanan

a, #00h, kkn 2

ada posisi

r0
r2
kkn 1

r0, #2fh
7eh, #00h
r2,#08
a,dr0

;down address

a, #ffh,cek kri

b.3
7eh
r0
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djnz r2,kri 1
cek kri jnb b.3,out cari posisi
mov a,r2
cjne a, #00h, kri 2
sjmp ada posisi
kri 2 dec r0
dec r2
sjmp kri 1
kri la mov a,Qr0
cjne a, #ffh,cek kri
setb b.3
inc 7eh
dec r0
djnz r2,kri la
;cek kri jnb b.3,out cari posisi
sjmp ada posisi
;——— selesai scan posisi

out cari posisi
ada posisi

e

pop
pop
pop
pop
ret

nd

00h
02h
dOh
eOh
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SUB PROGRAM HITUNG 2

; Proses hitungan data tanpa bobot kemudian semua dikalikan 4
; data depan = data belakang di 3%h

; data kanan

= data kiri di 3ah

; Waktu Total : 789 M = 789 uS.

HITUNG2:

clr x

data depan:

dat_do
dat_dil

dat_d2

x1

data d

data kanan:

mov a, #00h

mov r0, #39h
mov r2,#07h
mov @r0, a

inc r0

djnz r2,clr x
lcall data depan
lcall data kanan
ret

mov r0, #20h
mov r2,#08h
mov r3,#08h
mov a,@r0

rlc a

jc data d
djnz r3,dat_dil
inc r0

djnz r2,dat_do

;semua dikalikan 4
;disimpan 3ch msb 3dh 1sb

mov a, 3%h
cjne a, #01h, x1
mov a, #00h
mov 39h, a
mov f0h, a
add a,elOh
da a

mov 3ch, a
clr a

addc a, #00h
da a

mov 3dh, a
ret

;data temporer

push eOh

mov a, 3%
add a, #01h
da a

mov 3%9h, a
pop eOh
sjmp dat d2
mov 3ah, #00h
mov r0, #28h
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dat kO
dat k1

dat k2

yl

data_k

mov r2,#08h
mov r3,#08h
mov a,@r0
rlc a

jc data k
djnz r3,dat kil
inc r0

djnz r2,dat kO
;semua dikalikan 4
mov a, 3ah
cjne a,#01lh, vyl
mov a, #00h
mov 3ah, a
mov f0h, a
add a,e0Oh
da a

mov 3eh, a
clr a

addc a, #00h
da a

mov 3fh, a
ret

;data temporer

push eOh

mov a, 3ah
add a,#01h
da a

mov 3ah, a
pop eOh
sjmp dat k2
end
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; SUB PROGRAM ConversiHex BCD
; REVISI : Maret 2010
; Fungsi untuk mengkonversikan kode hexa ke BCD
; Input : 40h(lsd)-43h(msd)=alamat buffer data biner 2 byte
; Output : 50h (msb) s.d 51h (1lsb) = alamat buffer data BCD
; Register : r0 = alamat sumber
; rl = alamat tujuan
; r2 = counter byte BCD = r3+1 = 241 = 3
; r3 = counter byte biner = n byte = 2
; Waktu Total : ... M= ... mS
BINBCD: push eOh
push dOh
push 03h
push 02h
push 0lh
push 00h
mov r2,#03h
mov r3,#02h
;clear data buffer output BCD
push 02h
push 0lh
clr a
clr buf becd mov @rl, a
inc rl
djnz r2,clr buf bcd
pop 0lh
pop 02h
;clr buffer selesai
;proses konversi
pros_conv push 03h
mov r3,#08 ;counter bit --> 1 byte = 8 bit
mov a,@dr0
pros con 1 clr C
rlc a
push eOh
lcall adjus conv
pop eOh
djnz r3,pros con 1
;proses 1 byte selesai
inc r0
pop 03h
djnz r3,pros_conv
;proses n byte selesai --> r2=n byte
; KELUAR
pop 00h
pop 0lh
pop 02h
pop 03h
pop dOh
pop eOh
ret
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adjus_conv: push 02h

push 0lh
adj bcd mov a,@rl
addc a,@rl
da a
mov Qrl,a
inc rl
djnz r2,adj bcd
pop 0lh
pop 02h
ret
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Tabel 3.4.9.

’

’

List sub program Conv_hex ASCII.

Fungsi
Input
Output
Prinsip
Register

SUB PROGRAM Conv_Hex ASCII Hex
Untuk mengkonversi kode hexa ke kode ASCII
Sumber kode Hexa di register ri4
Tujuan kode ASCII di register rb5
Memakai Tabel array di register dptr

r0 = pointer sumber

rl = pointer tujuan

r2 = counter bit

dptr = pointer Tabel kode ASCII
a = data sementara

Table index: 0ffOh
Total waktu = 191 M = 191 pS

Conv_Hexa ASCII:

hex ascii

’

mov r0,04h ; #27h rd4=sumber
mov rl,05h ;#3fh r5=tujuan
mov r2,#08h

mov dptr, #0££0h
mov a,@r0

push eOh

orl a, #f0h

mov dpl, a

clr a

movc a,Qa+dptr
mov @rl, a

dec rl

; 1/2 byte lsd selesai
pop eOh

swap a

orl a, #f0h

mov dpl, a

clr a

movce a, @a+dptr
mov @rl,a

; 1 byte selesai

dec rl

dec r0

djnz r2,hex ascii
ret

Input
Output
Register

alamat 20h ... 27h
alamat 30h ... 3fh
r0 = input

rl = output

r2 = counter byte

Table index: 0ffOh
Total waktu = 191 M

Conv_ASCITI Hexa:

mov r0,2dh ;#30h
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mov rl,#20h

mov r2,2ch ;#08h
mov dptr, #0felh
ascii hex  mov a,@ro
add a, #b0h
mov dpl, a
clr a
movc a, @a+dptr
swap a
mov @rl, a
inc r0
; 1 byte msd selesai
mov a,@ro
add a, #b0h
clr a
movc a, @a+dptr
orl a,drl
mov Qrl,a
; 2 byte selesai
inc rl
inc r0
djnz r2,hex ascii
; pop 02h
; pop 0lh
; pop 00h
ret

; alamat index Tabel

org 0fdOh
tbl ascii hex:
db
00h,01h,02h,03h,04h, 05h,06h, 07h,08h, 0Sh
org Ofelh
db 0Ah, 0Bh, OCh, ODH, OEh, OFh
org 0ff0h
tbl hex ascii:
db
30h,31h, 32h,33h, 34h, 35h,36h,37h,38h,3%h
db 41h,42h,43h,44h,45h,46h
end
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Tabel 3.4.10. List sub program meja uji

; Fungsi
; Input
; Output

SUB PROGRAM ME_Uji
Untuk mengendalikan motor di meja uji
Kepad matrix
P3.3 dan P3.4
; Call Subproram
1. Delay 10mS
2. Delay 30mS
3. Delay 100mS

ml

ml cepat

m2

m2 cepat

out motor

clr
jnb
setb
Jnb
setb
setb
sjmp
jnb
clr
lcall
setb
lcall
sjmp
clr
lcall
lcall
lcall
lcall
setb
lcall
sjmp
Jnb
clr
lcall
setb
lcall
Sjmp
clr
lcall
lcall
lcall
lcall
setb
lcall
sjmp
ret

end

p2.0
p2.4
3.3
2.6
p3.4
p2.0
out motor

;p3.0

;p3.1
;p2.2

p2.5,ml cepat

r3.3

dly 10ms
p3.3

dly 100ms
t motor
p3.3

dly 10ms
dly 10ms
dly 10ms
dly 10ms
p3.3

dly 100ms
t motor

;3.0

;3.0

;p3.0

;p3.0

p2.5,m2 cepat

p3.4

dly 10ms
p3.4

dly 100ms
t motor
p3.4

dly 10ms
dly 10ms
dly 10ms
dly 10ms
p3.4

dly 100ms
t motor

;p3.1

;p3.1

;p3.1

;p3.1
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Lampiran 3 : Data Patent.

A. Tabel
Tabel 2.1. Jenis bahan dan metoda tilt sensor yang telah dipatenkan di United
State Patent dari tahun 1965 s.d 2009. [9]

No. Tahun Bahan Metoda Kode Paten
1 Mar. 2,1965 Electrolytic Electrode 3,171,213
2 June 20,1972 Photo transistor Element 3,671,933
3 May 28,1974 Mechanic Element 3,813,556
4 Apr. 22,1975 Mercury Electrode 3,879,703
5 Oct. 14,1975 Electrolytic Electrode, mechanic 3,911,592
6 Aug. 29,1978 Liquid Electrode, electronic 4,110,609
7 May 22,1984 Liquid Ball, mechanic 4,450,353
8 Oct. 22,1985 Liquid Electrode 4,457,972
9 Jan. 24,1989 Liquid Electrode, acustic 4,800,542
10 Feb. 7,1989 Magnetic, fluid Spiral magnetic 4.803.426
11 Dec. 5,1989 Magnetic Magnetic permanent 4.885.535
12 Aug. 4,1992 Actuated Ball 5.136.127
13 Sep. 22,1992 Mechanical Micromechanical 5.148.604
14 Jan. 18,1994 Fluid Electrode 5.279.040
15 Oct. 4,1994 Liquid Electrode 5.351.539
16 Dec. 13,1994 Optical Ball 5.373.153
17 Oct. 10,1995 Inductive Magnetic 5.546.013
18 Mar. 18, 1997 Electrolytic Electrode 5.612.679
19 May 6, 1997 Liquid Electrode 5.625.955
20 May 20,1997 Electrolytic Electrode 5.630.280
21 Sep. 23, 1997 Liquid Electrode 5.669.147
22 Oct. 28, 1997 Temp. compensate Electrode 5.680.708
23 Nov. 4, 1997 Strain gauge Electrode 5.684.456
24 May 12,1998 Liquid Electrode 5,751,074
25 Jul. 7,1998 Liquid Ball 5,777,290
26 Dec. 29,1998 Electrolytic Electrode 5,852,,878
27 Jan. 4, 2000 Photoelectric Ball 6,011,254
28 May 9, 2000 Mechanic Spring 6,059,250
29 Jan. 9,2001 Photoelectric Ball US 6,172,357 B1
30 Jun. 26,2001 Electrolytic Electrode US 6,249,984 B1
31 Oct. 16,2001 Magnetic Ring Magnetic US 6,301,795 B1
32 Nov. 29,2001 Capacitance Electrode US 2001/0045019 A!
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Lanjutan Tabel 2.1.

No. Tahun .Bahan Metoda Kode Paten

33 May 21, 2002 Photoelectric Ball US 6,392,233 B1
34 Sep. 3, 2002 Capacitance Electrode US 6,442,855 B2
35 Sep. 24, 2002 Thermocouple Electrode US 6,453,571 B1
36 Oct. 29, 2002 Magnetic Magnetic permanent US 6,470,580 B1
37 Oct. 29, 2002 Magnetic Ball US 8,472,864 B1
38 Nov. 14, 2002 Strain gauge Ball US 2002/0166756 Al
39 Jan. 2, 2003 Capacitance Electrode US 2003/0000095 Al
40 Apr. 8, 2003 Magnetic Ring Ball US 6,543,147 B2
41 Sep. 30, 2003 Electrolytic Ring Electrode US 6,625,896 B1
42 Jun. 19, 2003 Electrolytic Electrode US 2003/0110652 Al
43 Nov. 13, 2003 Photoelectric Electrode US 2003/0209654 Al
44 Nov. 20,2003 Electrical Electrode US 2003/0213136 Al
45 Feb. 10, 2004 Electrolytic Electrode US 6,688,013, B2
46 May 6, 2004 Electrical Ring Ball US 2004/0084290 Al
47 Oct. 12, 2004 Electrolytic Electrode US 6,802,132 B1
48 Oct. 28, 2004 Photoelectric Diffraction Grating | US 2004/0213109 Al
49 Dec. 14, 2004 Strength gauge Field Strength US 6,831,456 B2
50 Dec. 16, 2004 Ultrasonic Micro sized US 2004/0251406 Al
51 Apr. 19, 2005 Liquid Electrode US 6,880,257 B1
52 Jul. 7, 2005 Electrostatic Cap Ring Electrode US 2005/0144794 Al
33 Aug. 23, 2005 Strain gauge MEMS Base US 6,934,662, B2
54 Sep. 15, 2005 Strain gauge Electrode US 2005/0198846 Al
55 Jan. 12, 2006 Liquid Electrode US 2006/0005407 Al
56 Jan. 24, 2006 Electrostatic Cap. Ring Electrode US 6,988,312 B2
57 Sep. 5, 2006 Liquid Electrode US 7,100,294 B1
58 Oct. 19, 2006 Strain gauge Electrode US 2006/0232736 Al
59 Aug. 14, 2007 Strain gauge Electrode US 7,254,897 B2
60 Oct. 11, 2007 Optoelectronic Electrode US 2007/0236685 Al
61 Nov. 27, 2007 Optoelectronic Electrode US 7,299,557 B2
62 Feb. 19, 2008 Fluid Electrode US 7,331,224 B2
63 Feb. 24, 2009 Strain gauge Electrode US 7,493,702 B2
64 Aug. 6, 2009 Strain gauge Electrode US 2009/0195243 Al
65 Aug. 18, 2009 Photoelectric Diffraction Grating US 7,577,076 B2
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B. Data US Patent.

B1. Nov. 13, 2003

US 20030209654A1

as United States
a2 Patent Application Publication o) Pub. No.: US 2003/0209654 Al

Smith (43) Pub. Date: Nov. 13, 2003
(54) ELECTRONIC TILT SWITCH AND 0D DB ciminisiisissisimirincriconic 2WALE. EW

INTEGRATED LIGHT MODULE
(57) ABSTRACT

An clectroaic il switch for controlling an clectrical clrcuit
such as a vehicle bood lamp circuit accoeding to the angle of
mclination of the tlt swich. The tilt swatch includes a
bhousing, 2 shiding clement, and a solid state clectronic
scosor, which can comprises & Hall cffect sensor or a
phato-optical interrepter. The sliding clement moves within
P.O. BOX 4390 ai_axial bore of the bousing according o the angle of
TROY, M1 48099 (US) foclination of the tltswitch. The solid state clectronic sensor

i mounted 1o one axial end of the bousiog and is capable of

- aee. FED a" MOGUL WORILD WIDE. defermining whea the slicing element slides past a prede-
™) 4 . AL LD scrmined position within the bore. This allows the tlt switch

(73) laventor: Willinm Colie Smith, McMinaville, TN
(Us)

Corespondence Address

JAMES D. STEVENS

REISING, ETHINGTON, BARNES,
KISSELLE, ET AL

s oo o determine whether (he vehicle bood has been opened or
21 NG 8 1 08 shut, and is used 10 turn the Lamp on or off accondingly. The
£ s bousing, siiding clement, scnsor, and associated electonics
(22) Fiked: May 13, 2002 can_all be enviroameogally scaled within a single package,
- which can addiionadly include onc or more molded w
Publication Classification copnecions. Abodisclosed s an intograted 1l switch Tighs-
ing module in which one ar moge Light sources are integrated

(51) Int.CL7 ... i m 4 HOLL ANTE nto the scaled package.
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ELECTRONIC TILT SWITCH AND INTEGRATED
LIGHT MODULE

TECHNICAL FIELD

[0001] The prescat invention rclatos gencrally to til
switches used in clectronic circuits and to such wnchn
used in e lighting applicati for La5 23
Mo«hoodswﬂlmdbmntlhﬂlwhnnvmd:
trunk or hood is opened.

BACKGROUND OF "lbm

[0002] Tt switches
;q-uluhnw”,ﬁl.l
For instanse, mef NWI__

] .\‘ “ '- ., "
' *m

m-u.. “.m’u-ﬂm-;lﬂ AA
ch 00 aal ohm»qum 1h€ spring

mer -t the [
mdﬂuﬂmw atlt wﬁ‘&dc*“bes
tilize mercary. This has resulted i the

&nunmmuwm m‘a
« at, such is perma

m an clongated cavity and o -!w
wilch #sembly tilts s
shides within thé cavity flowanls

i In-tt
el switch, which is located at onc m%uvuy

'l'h: ximity of the magnet 10 the roed switch
m:::n of the switch assembly.

T T A

g ilie.
otber end of the cavity.

[0008] US. Pat. No. 3,601,729 issued Aug. 24, 1971 10
Hierta also teaches the use of a il switch ssembly incor-
porating & reed switch to detect inclination of the device
beyond a certain angle, The tilt switch assembly that
includes a switch housng Imnlg an dnngxlcd V-shlped

cavity which a oyl

apex of the cavily is closest in distance (0 a nal style -m
Accordingly, when the switch bousing is in an upright
(non-tilted) oricntation, the magnetic flux from the magoetic
member is strong cnough to pull the two contacts of the recd
switch together, thereby closing the switch. As the swilch
housing s tilied, the magnetic member rolls away from the

is mousicd on a spifal flat ”:?l

Nov. 13, 2003

apex, thercby bocoming sufficicntly spaced from the reed
switch and unable 10 pull the switch contacts together,

[Il“] US. Pat. No. S.J(n\uuundmy 11, 193 w0

et al, discloses » ficld g Nl awitch,
dlmm n FIG. 21, that gen:nl'iy comprises Py cup shaped
ing., a d ball, and a sensor swilch,

Aalnwuchmblynuhd,lhcbaﬂmlbummhmd
away from the magnetic fick! scasing swisch, this causing
the switch w0 change states according 1o the position of the
hall within the housing.

[0007]  Further cxamples of tilt switch assemblics utilizing
meed switches can be found in US. Pat. Nos. 5256839,
SATIA2S, 5,669,696, and 5,798,912, Other magoetically-
ated pwitch designs have been proposed using Hall
sensovs rather than reed switches. See, for cxample,
N Mlﬁ.mm 13, 1994 1o Ford ¢t al.
n)“ m a magnetic field scasing tilt switch
cil ‘_mmul member Baviog a permancnt
withip Q;wub housing containing a Hall

X *mblyrslll«l.lkmgmmd
unaligned, which results in the switch

glcctric detecton have been
ple, US. Pat. No. 5,202,559
Wand a box-like chamber
o 3 rmined angle. Two

[the box have light umilting
¥ communicate with light
the oppasing interior wall, and
semi-spherical recess desigoed

fo reccive the Ball, When the/switch is tilled beyond o
precetermined nn*'h“*&mwmh and scats on

the Towest recess, thereby obstrctiog the light emitting and

detccting means associated with that recess and changing the

" stale of the switch.

m dikewisé, US, Pat No. 5209343 discloses a

ical it swikch, seen in FIG. 18, that includes
lhqﬂ“&guwc@whu At one axial

‘ -ﬂl&& along the lmcnn:‘ﬁlls of the

the swikch assembly is tilted, the ball
f the eylindrical housing having the light
and provents the optical receiver from
f the cmitted light, thus causing the switch to change
1 tilt switch designs incorporating photo-

can be scen in US. Pal Nos. 373,153,

‘.“‘v.

i terrupters
um.zu and 6,140,635,

SUMMARY OF THE INVENTION

[0010] 1n accordance with one aspect of the present inven-
tion, there is provided an clectronic tilt switch capable of
controlling the state of an clectrical circuit according to the
angk of inclination of the swxuh The swich n:l-b n
housing baving an clongated bore that In i

within the housing, a sliding cl fi "nhnm:
bore, and a solid ml: clectronic sensor located adjacent the
bore. The sliding clement can slide aloag the leagth of the
bore imo and oul of a predetermined position within the
bore. Tho sensor is capable of sensing when the angle of
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mchination of the swilch ds a preds ined by
determining when the sliding clement is locaked at the
predetermined position.
[0011]  The solid state ¢lectronic sensor can be any of »
number of different suitable devices, such as, for example,
2 Hall effect sensor or photo-optical interrupter. lo the case
of a Hall effect sensor, the sliding clement can be a perma-
neot magnct that produces 3 magactic ficld which is soascd
by the Hall effect scosor when the magned slides into the
pmklmnm«l position within the bored Where a photo-
opiical interrupler is wsed, the nmim.kum ]
establishes a light path that ““Clﬂltm
W

M M within the he

within the bogeyasolid stale m:m. &
light source, and an cw circuit m-ummn
both the servor aod light sourde. The seasor delects whea the
sliding ¢lement moves 1o ¥ predetermine position wirhin
b%-nd the circuit u?;h 0 |pac:vfn«mwh on
(o the light sourde, The bousing, sliding clement,
sensor, and clectrical cireuit arc all locaicd intcamall ‘ y within

[owts) FIG. 2 is apémspoctive u'dbm;md

(ﬂlbl FIG. 3 is a schematic view of an elcctronic tilt
switch constructed in accordance with a second embodiment
of the present invention and utilizing a photo-optical inter-
rupser in the tilt switch 10 control energization of a lamp,

[0017] FIG. 4 is a perspective view of the tilt switch of
FIG. 3,

(0018] FIG. S is 2 perspective view of an opaque disk that
<an be used in the til switch of FIGS. 3 and 4; and

[0019] FIG. 6 5 2 perspective v-cw ol an inicgrated
clectronic tilt switch and lighti
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0020] Referring now to FIG, 1, there is seen a whmnlx
view of a lighting module 10 that includes an
circuit 12 that controls the operation of a lamp 14 according
10 the angle of inclination of an clectronic tilt switch 16. The
lighting moduke 10 can be used in any of 2 number of
different applications, and the following discussion will be
directed w0 its use for an awomotive under-the-hood appli-
cation in which the modslc 10 is Jocated under a vehicle's
Bood (not shown) so that the lamp 14 is encrgized when the
Bood is raised, Munwuukdwhembchaxlnlowvd
‘andclosed, Geoerally, the il switch 16 is mounted 1o the
‘wndenside, of the vehicle hood such that pivotal spwand
m albhibe hood causes the tilt switch 10 change its
angle of inclination. Whea the hood is opesed, the angle of
of the (ilt switch 16 exceeds a cenain angle
“ﬁ‘ switch 1o change states, and the circuit 12

i rexponsive 10 this cBiinge in state 10 energize the lamp 14
‘When the hood s closed, (he aogle of inclination of the tili
‘switch 16 falls below the angle required foe activation, and

the Gt m‘kb“ﬁhm lamp 14 10 off via the circuit
12.4 bqpbd from the vehicle baticry via
ad is supplicd both 10 the circuit 12 and tilt

(Oul] mm switch 16 of FIG. 1 is a Hall
cifeet sensor type switch that gencrally includes an output
n.mmad, voltage source input 26.
7 lvﬁtmlkdlnnxm.nh:
;i : n of the Hall e ffect sensor is directed 1o
the logic involved in operating the Lump based on tilt switch
position and 1S 008 meast 10 describe any particular com-
mescially aviilabic Hall effect seosor. Rather, those skilled
i the art will kendw bow o obtain the desired switching of
Ahe lamp using different Hall ¢fect sensor arrangements
Sogether with ﬁ'ﬁﬁ'ft“f 10 implement the necessary
switching logic. Fof the particular arrangement shown, when
the tilt switch 16 is orented such that @ is in its “off”
m.mmleuul #or switch is biascd on, which
Coanccts ils Gbiptl 22 to ground 24. Output 22 is connceted
10 he gate oxnuw MOSFET teansistor 18, such that

pulli ‘mmnd causes the transistor 1o function in
an “off” state. y.hmdllllp 14 is disconnected
irom voltage fore docs ot illumi
Once the hood is /and pivots such that the tilt switch
" bevond the of

nqmd!' switch 16 switches off its transistor pmvuing
lmb"b.dma state on outpet 22, This allows application
ol ihe supply vokagc oB 10 the gate ol transistor 18 via 3
pullup 20, 1y 16 10 operate in
an “on"” state. l.nu-uun the transistor is coaductive and
coanects the hood lamp 14 10 the voltage source +B, thus
wrning on the lamp and illuminating the surrounding arca
Again, the illustrated circuitry is but one approach 10 uti-
lizing the Hmcﬂ'eannmrmiichadiwillhe understood
that any of a ber of other ¢ can be designed w
utilize a Hall effect scasor type tlt switch without departing
from the scope of the preseat invention.

[0022] Referring now 10 FIG. 2, the Hall effect seasor tilt
swnh u is seen in further detail and geacaally includes sn

of the dule can be seea in

of the intermal comp
cutaway.

drical housing 30, & mag sliing cle-
mn Alhll:l!mlwu und the clectrical circunt 12
which is mounted on a printed circust board 36, All of these
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w

[om] 1t shoukd be noted that tilt switch 14 could operate

pmk-gc 280 plnloa them against
nants. The tilt switch 16 also includes an input

na That i, the ¢ ic tiltswitch could
be designed such that it operates in an “off” state, thus

q

and an output 40 d s
mb«ndkp«:ﬁnyn Ikwnng.wunbulr‘-d
Tinxdei ic ¥ having an ¢l 1 cylindri-

<y

ulllmutx!cndmgfmmnhmamlmd“lolmmd
axial end 46. Sliding clement 32 is shaped 10 be received by
the cylindrical boee 42 such that it is frecly capable of aliding
along the loagitudinal axis of the bore, Fore this purpose, the
sliding clement 32 andior the bore sugfice itself can be

‘.luﬁ is mounted 10 the printed circuit board
nn‘hzoww-ﬁ m«umn
ding eherment lnw?ﬂhhhﬂﬂu
. ,bom-mt!e“md.
'I y hoizontal

tic fickd produced by the slicling ng-md:um '3

Jinduce a yoluge accordiog 10 4 phenomenca kaown as the

Halleffect, which is commonly knuwi in the an. mm.

tic ficld cm.mm-am
bhu on” state and tuens oo 12 ac
the magnetic fick! pwdnully 2
!lk less than that required on of the

“thus mlh lﬂ ’ ﬁunnl M'-unuy

fest o 44y s o A2 s gencoally lncm-m'.
axial end 44 @ the Hall effoct semsor 34, ux shown.
Because the sl rated from the Hall cifect

g clement is sepa n

sensor by the axial kength dhmﬁtw
cxpunntul by the sensor is 100 weak 1o activate the tilt
switch, Once the switch 16 is tilied esough 10 cause the
shiding clement 32 1o slide 10 the second axial end 46 of the
housing under the force of gravity, the fick! produced by the
sliding clement and sensed by the Hall cffect sensor is strong
coough 10 cause the swikch 1o change stakes, therchby
conbling circuit 12 10 encrgize the lamp 14, The lamp
remains on until the angular inclination of the tilt switch 16
2gain approaches horizoatal, at which time magactic mem-
ber 32 slides away from the Hall effect sensor 3 1o the
opposite end 44 of the bousing, thereby turning the switch
and the lamp off.

mmnguﬂ'hmp 14, when chmnsmm atthe
sccond axial cad 46, la this cbodiment, pivoting the tilt
switch beyond a certain number of degrees would cause the
sliding clement 32 1o slide away from the Hall effect sensor
3 and towards the first axial end 44, thereby turning both
switch 16 and the lamp 14 1o an “on™ state.

[0026] Preferably, comnectars 38 and 40 arc integrally and
rigidly connected 1o scaled package 28, and these coanectors
can include laich mechanisms w0 permil secure mating and
tetsation of & connection plug from a wiring harness or the
like. The conncetors can also be keyed to provent improper
sertion of the mating plugs. The componcats that are
covironmenta ¥ acalod within package 28 can be assembled
10 the circuit board 36 which can thea be inserted
J sﬁ‘hdwgc 28 and, once positioned within
| potied in place 1o scal them withio the
Bor cavironmentally sealing these
r within package 28 will be known 1o those
[0027) K erring now (0 FIGS. 3 und 4, there is scen 3
schematic view of an electronic circuit SO incorporatiog s
allemative W" of the tilt switch of the prescat
nvenmu, ain wsed foral vehick: bood lighting circuit to
p 82, This embexdincot is the same as that

ofl’lﬁ-l and 2, with the excgptions noted below. To
pmcu&q,‘ausﬂ eﬁdmt replaced by 2 photo-
m mechanical design
w “ this photo interrupler to

termined wmcw 62). &d\auu.ully.
shown in I-'l(..\;hc “chreult design & modified 10 include the
'hntv mmqncr 86w w& Hall cffect sensor with
in scrics with the photo
i‘tmptcr s powes input. The photo interrupter $6 i ao
infrared semicondugtos switch hwnu 2 photo diode 66 and
3 photo transistor 68, Light from the photo diode 66
IEAVEINS & gip hﬂmﬂbh componcnts and impioges
o the photo transistor 68, thereby allowing current flow
umughhe trassisior mn its collector and emitter. In
this statc, s ggate of the MOSFET 70 is clamped 1o ground,
bolding it uufnuu an “ofl” state, If the light from
rhotudiode 66 is obsimucted from reaching the photo tran-
68, 1 transistor 68 switches off, allowing the
70 10 be bissed oo by way of the pullup resistor

72 Axa result, the lomp 82 is energized.

Aﬂbmvn in FIG. 4, the electronic tilt switch S4

orating the photo-optical intcrrupter $6 is scen in
further &:Iul ‘This tilt switch 54 can be substituted into the
overall module shown in FIG, 2 in place of the Hall effect
sensor and #s iated housing and slidiog el For
tilt switch &4, the slicling clement S8 need 0ot be 3 magnet,
but instead i optically opague 1o the light transmitied by the
photo diode 66. As shown, housing 74 includes a axial bore
76 Jing aloog its longiudinal leagth o {
the sliding clement $8. In the particular embodiment seon,
the axial bore is open upon its upper sido; however, the bore
coukd instcad be 2 closed bore such that it encloses the
sliding clement within the bousing. At the first axial cod 60
of the housing 74, there is provided an end cap 78 1o prevent
the sliding clement 58 from sliding out of the bore 76. OF
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course, a similar top cap (oot shown) could be used to
prevent the sliding picce from coming up out of the channel.
T\nﬁnwmpr“-lnuudu&mmdndmﬂ
62 of the bore, and » physical gap by the
phnhdnde“cdpmumll(u-ﬁun)m
permils the sliding clement S8 10 move in botween the photo
dnd:uﬂﬂuommhaboh‘mhll;hlpnnn
Ly exists by these
Mcdw‘mhwnlmmmulow
the sliding clement 58 in the bore.

[0029) lnlmrofnwmm
mmﬁhu

=

effect

dunwr (s
roll between the B

unnaeamm

[0032] Referring 1o yot another embod the present
inveation, FIG, 6 il an clectronic tilt switch Tighting
module 100 which @ clectromic ciecuit 12 and

incorporates
Hall efiect scosor tilt switch 16 of FIGS. 1 and 2 along with
an imtegral light source such as theee white LEDs 102
Incandescent or other types of light sources can be used
instead of the LEDs. Also, the photo interrupler tilt swich $4
or other suitable tils switch can be utilized in lieu of switch
16 hmtngmehwmhamlbulitmnm
bly into a single makes % the single modul
mmm«mmmuw -
rately along with their associated winng, This approach also

Nov. 13, 2003

chiminates the need for the output connector 40, The tilt
swilch (aloag with its bousing, sliding clement, snd sensor)
and 1he electronic circwit, including its printed circwit board,
are all environmentally sealed within a siogle package 104,
mmuw&umumum
in place on the houss all of the i | wiring
cuu:aiu- wqahuly scaled gahﬂ moisture and con-

(ﬂl.l] As shown, the LEDs 102 can be kocated in
recessed arca 106 located on the top surface of packsge 104,
They are wired 1o the printed circust board prioe to the entire
contents of the package 104 being potted or othcrwise sealed
¢ the package. If desired, the surface of the recessed
can be wtilized as 3 reflector with a suitable
reou'ngmculmllhdisuhﬁnno(&hl
! 0 100

mlmdmmhnhunmvubd

tio i 0ot limited 1o the specific

hanges and modifications
in the art and all such
10 come within the
od claims.

¢ of controlling the state
the anglke of inclination

h as defined in claim 1, whesein
He scosor is 3 Hall cffect semsor
agnetic fickd and whercin said
shiding cl thal prody

An clectroni tilt switch as defined in claim 1, wh
said solid state electronic sensor is a photo-optical inter-
rupter capable of establishing a light path extending across
at least & portion of said elongated bore ot said predeser-
mined position, and wherein said sliding clement comprises
an opaque material such that said sliding clement is capsble
of obstructing said light path when said sliding clemsent is

located at said prodetermined position.
lMchclndclﬂlwi&hu(hlmdhchiﬂL!m
ing an clectrical and an chkectrical circuit

mmuﬁdnmnﬂnﬂmm

5. An clectronic tilt switch as defined in claim 4, further
comprising an environmentally sealed package, wherein
said housing, slidiog element, sensor, and clectncal circust
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are covionmentally sealed within said package and wherein
sald conscctor is Jocated at an cexterior surface of said

6. An clectronic tilt switch as defised in claim 4, wherei

Nov. 13, 2003

13, An cectronic tilt switch as defined 0 claim 12,
whercin said opaque clement is a sliding clement that sticles
lluqlklushofndhuu&pwdqqnulhm*d

said bousing and clectrical circuit are both mounted oa
printed circuit board that is environmentally scaled within
said package.

7. An clectronic tilt switch capable of controlling the state
of un electrical circut according to the angke of inclination
oladmlct.m

end of sailho

path that extend: ‘
clongated bore, whercin said g

s capable of seasing when the of inctination of
sndswkhcxa«kundmmdnm-bym
mining when said opaque clement obstructs said light
path

14 Anmmm.wumlz.
whercin said opague clement is a disk that rolls along the
length of said bore depending spon the angle of inclination
of said

1S, An clectronic tilt switch as defioed i claim 12,
wherein said tilt switch is mounied 1o the underside of a
vehicle hood.

16, An integrated cloctronic tilt switch and lighting mod-
ule, comprising:

sing having an clongated bore that cxicods intcrnally
id bousing,

cnt confined within said bore and being
d ing into and out of a predesermined
l bore;

’ cosor located adjacent said bore
detect when said movable

0 both said scasor and sasd
cspoasive 10 said seasor
l;iaund hﬂmm

i claim I&.wh;«i-;idl‘.hlmmm-

0 integrated clectronic tilt switch aod lighting mod-
as defined in claim 16, further comprising an integral
connector Jocated on an exterior surface of sad sealed
package and being clectrically connected 10 said circuit
within said package.

» & S\@\Ve
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FIG.28
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