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Lampiran 1 :  Proses Realisasi. 
 

 
 

1.  Peralatan yang dipakai. 

 
 

2. Bahan Cassing. 

 

 
 

3. Pembuatan modul LED. 

 
 

4. Pembuatan modul matrix 

photodiode bagian atas. 

 

 
 

5. Pembuatan modul matrix 

 photodiode bagian bawah. 

 
 

6. Pembuatan casing. 
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7. Finishing casing. 

 
 

8. Pembuatan modul pengambil 

data. 

 

 
 

9. Pembuatan meja uji. 

 

 

 
 

10. Pembuatan modul tampilan data. 

 
 

11. Pengujian dan pengambilan data. 
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Lampiran 2 :  List program. 
 
Tabel 3.4.1. List main program 
;============================================================= 

;=             MODUL SENSOR MATRIX ARRAY PHOTODIODE          = 

;=                 SISTEM SCAN DATA MATRIX ARRAY             = 

;=                    UNIVERSITAS INDONESIA                  = 

;=                        REV Juni 2010                      = 

;============================================================= 

; Input     : Receive_code data matrix array ASCII 30h ... 3fh 

; Output    : Data posisi kemiringan 

; Call Program: 1. Init_LCD. 

;               2. T_Motor. 

;               3. Program_UTAMA. 

;               4. Uji_1. 

;------------------------------------------------------------- 

            org         0000h 

            ljmp        main 

;------------------------------------------------------------- 

; Inisialisasi peta alamat interup 

            org    0003h  ;service routine int ext0 ISR int0 

            ljmp   int0isr  ;atau EI0 untuk counter bcd 

int0isr     reti 

            ;----------------- 

            org    000bh ;service routine timer0 ISR T0 mode 1 

            ljmp   t0isr    ;atau TF0 untuk program jam 

t0isr       reti                 ; 

            ;----------------- 

            org       0013h  ;service routine intext1 ISR int1 

            ljmp      int1isr  ;atau EI1 untuk 

int1isr     reti 

            ;----------------- 

            org      001bh    ;service routine timer1 ISR T1 

            ljmp     t1isr    ;atau TF1 untuk 

t1isr       reti       

            ;----------------- 

            org   0023h ;service routine serial port ISR Tx/Rx 

            ljmp        ntx    ;ISR_RX au R1/T1 untuk 

ntx         reti           

;------------------------------------------------------------- 

;           FUNGSI PIN PORT3 

;           p3.0  = RxD 

;           p3.1  = TxD 

;           p3.2  = Int0        ;untuk keyboard   

;           p3.3  = Int1        ;untuk printer 

;           p3.4  = T0 

;           p3.5  = T1 

;           p3.7  = I/O 

;------------------------------------------------------------- 

;           FUNGSI INTERUPT ENABLE 

;     bit   simbol      add bit     deskripsi 

;     --    -----       ------      --------- 

;     IE.7  EA          afh         global enable/disable 

;     IE.6  -           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 int1 

;     IE.1  ET0         a9h         enable T0 int 

;     IE.0  EX0         a8h         enable external int0 

;------------------------------------------------------------- 

            org   0030h 

;------------------------------------------------------------- 

;           BLOK PROGRAM INISIALISASI 

;           1. Stack pointer = 2fh 

;           2. Timer0 

;           3. Timer1 

;           4. Keyboard PC-AT 

;           5. LCD 

;           6. Printer 

;------------------------------------------------------------- 

main:       

SetupRDY:   mov         r7,#0ffh 

a1          mov         r6,#ffh 

a2          djnz        r6,a2 

            djnz        r7,a1 

            ;------------------ 

            ; 

            mov         sp,#5fh 

            clr         p1.0 

            clr         p1.1 

            clr         p1.2 

            clr         p2.7        ;back light LCD 

;------------------------------------------------------------- 

;Main program demo tampilan message 

;------------------------------------------------------------- 

           lcall       init_LCD 

 

UJI_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          = 

;=                 SISTEM SCAN DATA MATRIX ARRAY             = 

;=                    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 

;------------------------------------------------------------- 

            org         0000h 

            ljmp        main 

;------------------------------------------------------------- 

; Inisialisasi peta alamat interrup 

            org    0003h    ;service routine int ext0 ISR int0 

            clr    ie.0           ;disable int0 

            ljmp   Transmit_CODE ;atau EI0 untuk counter bcd 

int0isr     reti 

            ;----------------- 

            org    000bh ;service routine timer0 ISR T0 mode 1 

            ljmp   t0isr ;atau TF0 untuk program jam 

t0isr       reti                    ; 

            ;----------------- 

            org    0013h   ;service routine int ext1 ISR int1 

            ljmp   int1isr  ;atau EI1 untuk 

int1isr     reti 

            ;----------------- 

            org    001bh   ;service routine timer1 ISR T1 

            ljmp   t1isr     ;atau TF1 untuk 

t1isr       reti       

            ;----------------- 

            org    0023h  ;service routine serial ISR Tx/Rx 

            ljmp        ntx    ; ISR_RX      ;atau R1/T1 untuk 

ntx         reti           

;------------------------------------------------------------- 

;           FUNGSI PIN PORT3 

;           p3.0  = RxD 

;           p3.1  = TxD 

;           p3.2  = Int0      ;untuk keyboard   

;           p3.3  = Int1      ;untuk printer 

;           p3.4  = T0 

;           p3.5  = T1 

;           p3.7  = I/O 

;------------------------------------------------------------- 

;           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 int1 

;     IE.1  ET0         a9h         enable T0 int 

;     IE.0  EX0         a8h         enable external int0 

;============================================================= 

            org   0030h 

main:       mov         ie,#00h 

SetupRDY:   mov         r7,#100 

a1          mov         r6,#200 

a2          djnz        r6,a2 

            djnz        r7,a1 

            mov         2ch,#20 

            mov         2dh,#30h 

            mov         sp,#5fh 

;------------------------------------------------------------- 

            ;enable int0 

            setb        p3.2 

            mov         ie,#81h 

            Sjmp        $ 

;============================================================= 

; 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 int0 

;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_INT0: 

Transmit_CODE: 

            push        e0h 

            push        d0h 

            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,c 

            ;clock diaktifkan '0' dan tunggu '1' dari rx 

            clr         p3.1 
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            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 

            ;selesai semua 16 byte 

            ; 

            pop         00h 

            pop         02h 

            pop         03h 

            pop         d0h 

            pop         e0h 

            ;-------------- 

            ;into di enable lagi 

            setb        p3.2 

            setb        ie.0 

            ; 

            RETI 

           ;-------------------- 

tx_1a       clr         p3.1 

            jnb         p3.1,$ 

            sjmp        tx_1 

tx_2a       mov         r2,#08 

            clr         p3.1 

            jnb         p3.1,$ 

            sjmp        tx_1 

;============================================================= 

; Baca data scan Code Matrix Array 

; Port_0 : '0' --> R0=p0.0 .... R7=p0.7 

; Port_1 : '1' --> C0=p1.0 .... C3=p1.3 ; C4=p1.7 .... C7=p1.4 

; Buffer input = p2 

; Buffer data = 20h ..... 27h 

; sp = 5fh 

; Total waktu = 151 M = 151 uS 

;============================================================= 

Scan_Code:  mov         p0,#00h 

            mov         p1,#ffh 

            mov         r0,#20h 

            ; 

            push        e0h 

            push        d0h 

            push        00h 

            ;-------------- 

            clr         p1.0 

            lcall       dly_10us 

            mov         a,p2 

            clr         a.1 

            mov         @r0,a 

            inc         r0 

            setb        p1.0 
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            ;--------------- 

            clr         p1.1 

            lcall       dly_10us 

            mov         a,p2 

            clr         a.1 

            mov         @r0,a 

            inc         r0 

            setb        p1.1 

            ;--------------- 

            clr         p1.2 

            lcall       dly_10us 

            mov         a,p2 

            clr         a.1 

            mov         @r0,a 

            inc         r0 

            setb        p1.2 

            ;--------------- 

            clr         p1.7 

            lcall       dly_10us 

            mov         a,p2 

            clr         a.1 

            mov         @r0,a 

            inc         r0 

            setb        p1.7 

            ;--------------- 

            clr         p1.6 

            lcall       dly_10us 

            mov         a,p2 

            clr         a.1 

            mov         @r0,a 

            inc         r0 

            setb        p1.6 

            ;--------------- 

            clr         p1.5 

            lcall       dly_10us 

            mov         a,p2 

            clr         a.1 

            mov         @r0,a 

            inc         r0 

            setb        p1.5 

            ;--------------- 

            clr         p1.4 

            lcall       dly_10us 

            mov         a,p2 

            clr         a.1 

            mov         @r0,a 

            inc         r0 

            setb        p1.4 

            ;--------------- 

            clr         p1.3 

            lcall       dly_10us 

            mov         a,p2 

            clr         a.1 

            mov         @r0,a 

            inc         r0 
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            setb        p1.3 

            ;--------------- 

            pop         00h 

            pop         d0h 

            pop         e0h 

            ; 

            Ret 

            ; 

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       r7,#7 

dd1         lcall     dly_10us 

            djnz      r7,dd1 

            nop 

            nop 

            nop 

            nop 

            nop 

            nop 

            nop 

            nop 

            nop 

            nop 

            nop 

            ret          ; total = 100M 

 

            end 

;============================================================= 
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Tabel 3.4.3. List sub program receive code. 
;============================================================= 

;    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 int0 

;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 µS. 

;============================================================= 

Receive_CODE: 

            push        e0h 

            push        d0h 

            push        03h 

            push        02h 

            push        00h 

            ;proses terima serial 

            ;sinyal start/reques 

            clr         p3.6 

            nop 

            setb        p3.6 

            setb        p3.5 

            ; 

            mov         r0,#20h 

            mov         r3,#08 

rx_2        mov         r2,#08 

            ;------------------ 

            ;tunggu clock diaktifkan '0' 

rx_1        jb         p3.5,$ 

            ; 

            mov         c,p3.6 

            mov         a,@r0 

            rlc         a 

            ;data diambil 

            mov         @r0,a 

            ; 

            djnz        r2,rx_1a 

            ;selesai satu byte 

            inc         r0 

            djnz        r3,rx_2a 

            ;selesai semua 16 byte 

            ; 

            pop         00h 

            pop         02h 

            pop         03h 

            pop         d0h 
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            pop         e0h 

            ;-------------- 

            ;into di enable lagi 

            setb        p3.6 

            setb        p3.5 

            ; 

            clr         01h 

            clr         09h 

            clr         11h 

            clr         19h 

            clr         21h 

            clr         29h 

            clr         31h 

            clr         39h 

            ret 

            ;tunggu clock diaktifkan '1' 

rx_1a       jnb        p3.5,$ 

            sjmp        rx_1 

rx_2a       mov         r2,#08 

            jnb         p3.5,$ 

            sjmp        rx_1 

;============================================================= 
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Tabel 3.4.4. List sub program trans_conv. 
;============================================================= 

;               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 µS. 

;============================================================= 

trans_conv: mov         r0,#20h 

            mov         r1,#28h 

            mov         r2,#00         ; up 

            mov         r3,#08h        ; down 

            ;proses transfer konversi Tabel data x-->y 

rotet:      push        00h 

            inc         r2 

            push        02h 

            mov         a,@r0 

rot1        rlc         a 

            djnz        r2,rot1 

            MOV         f7h,c 

            pop         02h 

            ; 

            push        02h 

            inc         r0 

            mov         a,@r0 

rot2        rlc         a 

            djnz        r2,rot2 

            MOV         f6h,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,@r0 

rot4        rlc         a 

            djnz        r2,rot4 

            MOV         f4h,c 

            pop         02h 

            ; 

            push        02h 

            inc         r0 

            mov         a,@r0 

rot5        rlc         a 

            djnz        r2,rot5 
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            MOV         f3h,c 

            pop         02h 

            ; 

            push        02h 

            inc         r0 

            mov         a,@r0 

rot6        rlc         a 

            djnz        r2,rot6 

            MOV         f2h,c 

            pop         02h 

            ; 

            push        02h 

            inc         r0 

            mov         a,@r0 

rot7        rlc         a 

            djnz        r2,rot7 

            MOV         f1h,c 

            pop         02h 

            ; 

            push        02h 

            inc         r0 

            mov         a,@r0 

rot8        rlc         a 

            djnz        r2,rot8 

            MOV         f0h,c 

            pop         02h 

            ;---selasai 1 byte 

            mov         a,f0h 

            mov         @r1,a 

            ;--- 

            pop         00h 

            inc         r1 

            djnz        r3,rotet 

            ;---selesai semua byte 

            Ret 

            end 

;============================================================= 
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Tabel 3.4.5. List sub program hitung_1. 
;============================================================= 

; Proses hitungan data 

; Data: Depan lsb 30h msb 31h 

;       Belakang lsb 32h msb 33h 

;       Kanan lsb 34h msb 35h 

;       Kiri lsb 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 µS. 

;=============================================================  

HITUNG:      mov        r0,#30h 

             mov        r1,#08 

             clr        a 

clr_bf       mov        @r0,a 

             inc        r0 

             djnz       r1,clr_bf 

             ; 

             lcall      Depan 

             lcall      Belakang 

             lcall      Kanan 

             lcall      Kiri 

             ;--------------- 

             ; bandingkan semua msb  

             mov        a,31h 

             cjne       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 lsb  

             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 

             ljmp       keluar_hitung 

             ; Bandingkan depan - belakang 

dm_ada       clr        c 

             mov        a,30h 

             subb       a,32h 

             mov        a,31h 

             subb       a,33h 

             jc         b_besar 
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             ;------------ 

             ;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,31h 

             subb       a,37h 

             jc         kr_besar 

             ; depan paling_besar 

             mov        b,#01h 

             ljmp       keluar_hitung 

             ; Bandingkan  belakang - kanan 

b_besar      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 

             ljmp       keluar_hitung 

             ; Bandingkan  kanan - kiri 

kn_besar     clr        c 

             mov        a,34h 

             subb       a,36h 

             mov        a,35h 

             subb       a,37h 

             jc         kr_besar 

             ;------------ 

             ; kanan paling_besar 

             mov        b,#03h 

             ljmp       keluar_hitung 

             ;------------ 

             ; kiri paling_besar 

kr_besar     mov        b,#04h 
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             ljmp       keluar_hitung 

keluar_hitung RET       

             sjmp       $ 

;------------------------------------------------------------ 

Depan:      mov         r0,#20h 

            lcall       jumlah_d 

            ; alamat 20h dikalikan n=1 

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

            mov         a,38h 

            mov         b,#01h 

            mul         ab 

            lcall       total_d 

            ;--------------- 

            ; alamat 21h  

            mov         r0,#21h 

            lcall       jumlah_d 

            ; alamat 21h dikalikan n=2 

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

            mov         a,38h 

            mov         b,#02h 

            mul         ab 

            lcall       total_d 

            ;--------------- 

            ; alamat 22h  

            mov         r0,#22h 

            lcall       jumlah_d 

            ; alamat 22h dikalikan n=3 

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

            mov         a,38h 

            mov         b,#03h 

            mul         ab 

            lcall       total_d 

            ;--------------- 

            ; alamat 23h  

            mov         r0,#23h 

            lcall       jumlah_d 

            ; alamat 23h dikalikan n=4 

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

            mov         a,38h 

            mov         b,#04h 

            mul         ab 

            lcall       total_d 

            ;--------------- 

            ; alamat 24h  

            mov         r0,#24h 

            lcall       jumlah_d 

            ; alamat 21h dikalikan n=5 

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

            mov         a,38h 

            mov         b,#05h 

            mul         ab 

            lcall       total_d 

            ;--------------- 

            ; alamat 25h  

            mov         r0,#25h 
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            lcall       jumlah_d 

            ; alamat 25h dikalikan n=6 

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

            mov         a,38h 

            mov         b,#08h 

            mul         ab 

            lcall       total_d 

            ;-----depan selesai 

            RET 

jumlah_d: 

            mov         r3,#08     ;counter bit 

            mov         38h,#00h 

            mov         a,@r0 

ht_d1       rlc         a 

            jc          tmp_d 

ht_d2       djnz        r3,ht_d1 

            ret 

            ;data temporer 

tmp_d       inc         38h 

            sjmp        ht_d2 

            ; 

total_d:    add         a,30h 

            mov         30h,a 

            mov         a,f0h       ;reg b 

            addc        a,31h 

            mov         31h,a 

            ret 

;------------------------------------------------------------ 

Belakang:   mov         r0,#27h 

            lcall       jumlah_b 

            ; alamat 27h dikalikan n=1 

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

            mov         a,38h 

            mov         b,#01h 

            mul         ab 
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            lcall       total_b 

            ;--------------- 

            ; alamat 26h  

            mov         r0,#26h 

            lcall       jumlah_b 

            ; alamat 26h dikalikan n=2 

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

            mov         a,38h 

            mov         b,#02h 

            mul         ab 

            lcall       total_b 

            ;--------------- 

            ; alamat 25h  

            mov         r0,#25h 

            lcall       jumlah_b 

            ; alamat 25h dikalikan n=3 

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

            mov         a,38h 

            mov         b,#03h 

            mul         ab 

            lcall       total_b 

            ;--------------- 

            ; alamat 24h  

            mov         r0,#24h 

            lcall       jumlah_b 

            ; alamat 24h dikalikan n=4 

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

            mov         a,38h 

            mov         b,#04h 

            mul         ab 

            lcall       total_b 

            ;--------------- 

            ; alamat 23h  

            mov         r0,#23h 

            lcall       jumlah_b 

            ; alamat 23h dikalikan n=5 

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

            mov         a,38h 

            mov         b,#05h 

            mul         ab 

            lcall       total_b 

            ;--------------- 

            ; alamat 22h  

            mov         r0,#22h 

            lcall       jumlah_b 

            ; alamat 22h dikalikan n=6 

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

            mov         a,38h 

            mov         b,#06h 

            mul         ab 

            lcall       total_b 

            ;--------------- 

            ; alamat 21h  

            mov         r0,#21h 

            lcall       jumlah_b 
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            ; alamat 21h dikalikan n=7 

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

            mov         a,38h 

            mov         b,#08h 

            mul         ab 

            lcall       total_b 

            ;-----depan selesai 

            RET 

jumlah_b: 

            mov         r3,#08     ;counter bit 

hit_depan   mov         38h,#00h 

            mov         a,@r0 

ht_b1       rlc         a 

            jc          tmp_b 

ht_b2       djnz        r3,ht_b1 

            ret 

            ;data temporer 

tmp_b       inc         38h 

            sjmp        ht_b2 

            ; 

total_b:    add         a,32h 

            mov         32h,a 

            mov         a,f0h       ;reg b 

            addc        a,33h 

            mov         33h,a 

            ret 

;------------------------------------------------------------ 

Kanan:      mov         r0,#28h 

            lcall       jumlah_kn 

            ; alamat 28h dikalikan n=1 

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

            mov         a,38h 

            mov         b,#02h 

            mul         ab 

            lcall       total_kn 
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            ;--------------- 

            ; alamat 2ah  

            mov         r0,#2ah 

            lcall       jumlah_kn 

            ; alamat 2ah dikalikan n=3 

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

            mov         a,38h 

            mov         b,#03h 

            mul         ab 

            lcall       total_kn 

            ;--------------- 

            ; alamat 2bh  

            mov         r0,#2bh 

            lcall       jumlah_kn 

            ; alamat 2bh dikalikan n=4 

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

            mov         a,38h 

            mov         b,#04h 

            mul         ab 

            lcall       total_kn 

            ;--------------- 

            ; alamat 2ch  

            mov         r0,#2ch 

            lcall       jumlah_kn 

            ; alamat 2ch dikalikan n=5 

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

            mov         a,38h 

            mov         b,#05h 

            mul         ab 

            lcall       total_kn 

            ;--------------- 

            ; alamat 2dh  

            mov         r0,#2dh 

            lcall       jumlah_kn 

            ; alamat 2dh dikalikan n=6 

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

            mov         a,38h 

            mov         b,#06h 

            mul         ab 

            lcall       total_kn 

            ;--------------- 

            ; alamat 2eh  

            mov         r0,#2eh 

            lcall       jumlah_kn 

            ; alamat 2eh dikalikan n=7 

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

            mov         a,38h 

            mov         b,#07h 

            mul         ab 

            lcall       total_kn 

            ;--------------- 

            ; alamat 2fh  

            mov         r0,#2fh 

            lcall       jumlah_kn 

            ; alamat 2fh dikalikan n=8 
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            ; mul ab --> msb di b lsb di a 

            mov         a,38h 

            mov         b,#08h 

            mul         ab 

            lcall       total_kn 

            ;-----depan selesai 

            RET 

 

jumlah_kn: 

            mov         r3,#08     ;counter bit 

hit_kanan   mov         38h,#00h 

            mov         a,@r0 

ht_kn1      rlc         a 

            jc          tmp_kn 

ht_kn2      djnz        r3,ht_kn1 

            ret 

            ;data temporer 

tmp_kn      inc         38h 

            sjmp        ht_kn2 

            ; 

total_kn:   add         a,34h 

            mov         34h,a 

            mov         a,f0h       ;reg b 

            addc        a,35h 

            mov         35h,a 

            ret 

;------------------------------------------------------------ 

Kiri:       mov         r0,#2fh 

            lcall       jumlah_kr 

            ; alamat 2fh dikalikan n=1 

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

            mov         a,38h 

            mov         b,#01h 

            mul         ab 

            lcall       total_kr 

            ;--------------- 

            ; alamat 2eh  

            mov         r0,#2eh 

            lcall       jumlah_kr 

            ; alamat 2eh dikalikan n=2 

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

            mov         a,38h 

            mov         b,#02h 

            mul         ab 

            lcall       total_kr 

            ;--------------- 

            ; alamat 2dh  

            mov         r0,#2dh 

            lcall       jumlah_kr 

            ; alamat 2dh dikalikan n=3 

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

            mov         a,38h 

            mov         b,#03h 

            mul         ab 

            lcall       total_kr 
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            ;--------------- 

            ; alamat 2ch  

            mov         r0,#2ch 

            lcall       jumlah_kr 

            ; alamat 2ch dikalikan n=4 

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

            mov         a,38h 

            mov         b,#04h 

            mul         ab 

            lcall       total_kr 

            ;--------------- 

            ; alamat 2bh  

            mov         r0,#2bh 

            lcall       jumlah_kr 

            ; alamat 2bh dikalikan n=5 

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

            mov         a,38h 

            mov         b,#05h 

            mul         ab 

            lcall       total_kr 

            ;--------------- 

            ; alamat 2ah  

            mov         r0,#2ah 

            lcall       jumlah_kr 

            ; alamat 2ah dikalikan n=6 

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

            mov         a,38h 

            mov         b,#06h 

            mul         ab 

            lcall       total_kr 

            ;--------------- 

            ; alamat 29h  

            mov         r0,#29h 

            lcall       jumlah_kr 

            ; alamat 29h dikalikan n=7 

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

            mov         a,38h 

            mov         b,#07h 

            mul         ab 

            lcall       total_kr 

            ;--------------- 

            ; alamat 28h  

            mov         r0,#28h 

            lcall       jumlah_kr 

            ; alamat 28h dikalikan n=8 

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

            mov         a,38h 

            mov         b,#08h 

            mul         ab 

            lcall       total_kr 

            ;-----depan selesai 

            RET 

jumlah_kr: 

            mov         r3,#08     ;counter bit 

hit_kiri    mov         38h,#00h 
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            mov         a,@r0 

ht_kr1      rlc         a 

            jc          tmp_kr 

ht_kr2      djnz        r3,ht_kr1 

            ret 

            ;data temporer 

tmp_kr      inc         38h 

            sjmp        ht_kr2 

            ; 

total_kr:   add         a,36h 

            mov         36h,a 

            mov         a,f0h       ;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        e0h 

            push        d0h 

            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         7eh 

            djnz        r2,dpn_1 
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            ; 

dpn_3       mov         a,r2 

            cjne        a,#00h,dpn_2 

            sjmp        ada_posisi 

 

dpn_2       inc         r0 

            dec         r2 

            sjmp        dpn_1 

            ;--------------- 

            ;cek belakang 

belakang    mov         r0,#27h    ;down address 

            mov         7eh,#00h 

            mov         r2,#08                   

blk_1       mov         a,@r0 

            cjne        a,#ffh,cek_blk 

            setb        b.1                     ;flag_belakang 

            inc         7eh 

            dec         r0 

            djnz        r2,blk_1 

            ;  

cek_blk     jnb         b.1,kanan 

            mov         a,r2 

            cjne        a,#00h,blk_2 

            sjmp        ada_posisi 

blk_2       dec         r0 

            dec         r2 

            sjmp        blk_1 

            ;--------------- 

            ;cek kanan 

kanan       mov         r0,#28h    ;up address 

            mov         7eh,#00h 

            mov         r2,#08                   

kkn_1       mov         a,@r0 

            cjne        a,#ffh,cek_kkn 

            setb        b.2                     ;flag_kanan 

            inc         7eh 

            inc         r0 

            djnz        r2,kkn_1 

            ;  

cek_kkn     jnb         b.2,kiri 

            mov         a,r2 

            cjne        a,#00h,kkn_2 

            sjmp        ada_posisi 

kkn_2       inc         r0 

            dec         r2 

            sjmp        kkn_1 

            ;cek kiri 

kiri        mov         r0,#2fh    ;down address 

            mov         7eh,#00h 

            mov         r2,#08                   

kri_1       mov         a,@r0 

            cjne        a,#ffh,cek_kri 

            setb        b.3 

            inc         7eh 

            dec         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_1a      mov         a,@r0 

            cjne        a,#ffh,cek_kri 

            setb        b.3 

            inc         7eh 

            dec         r0 

            djnz        r2,kri_1a 

            ;  

;cek_kri    jnb         b.3,out_cari_posisi 

            sjmp        ada_posisi 

            ;--- selesai scan posisi 

out_cari_posisi 

ada_posisi 

                pop     00h 

                pop     02h 

                pop     d0h 

                pop     e0h 

                ret 

 

               end 

;============================================================ 
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Tabel 3.4.7. List sub program hitung_2. 
;============================================================= 

;             SUB PROGRAM HITUNG_2 

; Proses hitungan data tanpa bobot kemudian semua dikalikan 4 

; data depan = data belakang di 39h 

; data kanan = data kiri di 3ah 

; Waktu Total : 789 M = 789 µS. 

;============================================================= 

HITUNG2: 

            mov         a,#00h 

            mov         r0,#39h 

            mov         r2,#07h 

clr_x       mov         @r0,a 

            inc         r0 

            djnz        r2,clr_x 

            lcall       data_depan 

            lcall       data_kanan 

            ret 

            ;---------- 

data_depan: 

            mov         r0,#20h 

            mov         r2,#08h 

dat_d0      mov         r3,#08h 

            mov         a,@r0 

dat_d1      rlc         a 

            jc          data_d 

dat_d2      djnz        r3,dat_d1 

            inc         r0 

            djnz        r2,dat_d0 

            ;semua dikalikan 4 

            ;disimpan 3ch msb  3dh lsb 

            mov         a,39h 

            cjne        a,#01h,x1 

            mov         a,#00h 

            mov         39h,a 

            mov         f0h,a 

x1          add         a,e0h 

            da          a 

            mov         3ch,a 

            clr         a 

            addc        a,#00h 

            da          a 

            mov         3dh,a 

            ret 

            ;data temporer 

data_d      push        e0h 

            mov         a,39h 

            add         a,#01h 

            da          a 

            mov         39h,a 

            pop         e0h 

            sjmp        dat_d2 

            ;------------ 

data_kanan: mov         3ah,#00h 

            mov         r0,#28h 
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            mov         r2,#08h 

dat_k0      mov         r3,#08h 

            mov         a,@r0 

dat_k1      rlc         a 

            jc          data_k 

dat_k2      djnz        r3,dat_k1 

            inc         r0 

            djnz        r2,dat_k0 

            ;semua dikalikan 4 

            mov         a,3ah 

            cjne        a,#01h,y1 

            mov         a,#00h 

            mov         3ah,a 

            mov         f0h,a 

y1          add         a,e0h 

            da          a 

            mov         3eh,a 

            clr         a 

            addc        a,#00h 

            da          a 

            mov         3fh,a 

            ret 

            ;data temporer 

data_k      push        e0h 

            mov         a,3ah 

            add         a,#01h 

            da          a 

            mov         3ah,a 

            pop         e0h 

            sjmp        dat_k2 

            ; 

            end 

;============================================================ 
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Tabel 3.4.8.List sub program conv_hex_BCD. 
;============================================================= 

;              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 (lsb) = alamat buffer data BCD  

; Register : r0 = alamat sumber 

;            r1 = alamat tujuan 

;            r2 = counter byte BCD = r3+1 = 2+1 = 3 

;            r3 = counter byte biner = n byte = 2        

; Waktu Total : ………. M= ……….. mS 

;============================================================= 

BINBCD:     push        e0h 

            push        d0h 

            push        03h 

            push        02h 

            push        01h 

            push        00h 

            ;-------------- 

            mov         r2,#03h       

            mov         r3,#02h 

            ;clear data buffer output BCD 

            push        02h 

            push        01h 

            clr         a 

clr_buf_bcd mov         @r1,a 

            inc         r1 

            djnz        r2,clr_buf_bcd 

            pop         01h 

            pop         02h 

            ;clr buffer selesai 

            ;proses konversi 

pros_conv   push        03h 

            mov         r3,#08 ;counter bit --> 1 byte = 8 bit 

            mov         a,@r0 

pros_con_1  clr         c 

            rlc         a 

            push        e0h 

            lcall       adjus_conv 

            pop         e0h 

            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         01h 

            pop         02h 

            pop         03h 

            pop         d0h 

            pop         e0h 

            ret 
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;------------------------------------------------------------- 

adjus_conv: push        02h 

            push        01h 

adj_bcd     mov         a,@r1 

            addc        a,@r1 

            da          a 

            mov         @r1,a 

            inc         r1 

            djnz        r2,adj_bcd 

            pop         01h 

            pop         02h 

            ret 

 

            end 

;============================================================= 
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Tabel 3.4.9. List sub program Conv_hex_ASCII. 
;============================================================= 

;               SUB PROGRAM Conv_Hex_ASCII_Hex 

: Fungsi    : Untuk mengkonversi kode hexa ke kode ASCII 

; Input     : Sumber kode Hexa di register r4 

; Output    : Tujuan kode ASCII di register r5 

; Prinsip   : Memakai Tabel array di register dptr 

; Register  : 

;   r0   = pointer sumber 

;   r1   = pointer tujuan 

;   r2   = counter bit 

;   dptr = pointer Tabel kode ASCII 

;   a    = data sementara 

; Table index: 0ff0h 

; Total waktu = 191 M = 191 µS 

;============================================================= 

Conv_Hexa_ASCII: 

            mov         r0,04h        ; #27h  r4=sumber 

            mov         r1,05h      ;#3fh     r5=tujuan  

            mov         r2,#08h 

            mov         dptr,#0ff0h 

            ; 

hex_ascii   mov         a,@r0 

            push        e0h 

            orl         a,#f0h 

            mov         dpl,a 

            clr         a 

            movc        a,@a+dptr 

            mov         @r1,a 

            dec         r1 

            ; 1/2 byte lsd selesai 

            pop         e0h 

            swap        a 

            orl         a,#f0h 

            mov         dpl,a 

            clr         a 

            movc        a,@a+dptr 

            mov         @r1,a 

            ; 1 byte selesai 

            dec         r1 

            dec         r0 

            djnz        r2,hex_ascii 

            ret 

;============================================================= 

; Megkonversikan dari kode hexa hasil Scan_Code ke kode ASCCI 

; Input     : alamat 20h ... 27h 

; Output    : alamat 30h ... 3fh 

; Register  : r0 = input 

;             r1 = output 

;             r2 = counter byte 

; Table index: 0ff0h 

; Total waktu = 191 M 

;============================================================= 

Conv_ASCII_Hexa: 

            mov         r0,2dh      ;#30h 
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            mov         r1,#20h 

            mov         r2,2ch      ;#08h 

            mov         dptr,#0fe0h 

            ; 

ascii_hex   mov         a,@r0 

            add         a,#b0h 

            mov         dpl,a 

            clr         a 

            movc        a,@a+dptr 

            swap        a 

            mov         @r1,a 

            inc         r0 

            ; 1 byte msd selesai 

            mov         a,@r0 

            add         a,#b0h 

            clr         a 

            movc        a,@a+dptr 

            orl         a,@r1 

            mov         @r1,a 

            ; 2 byte selesai 

            inc         r1 

            inc         r0 

            djnz        r2,hex_ascii 

       ;    pop         02h 

       ;    pop         01h 

       ;    pop         00h 

            ret 

;------------------------------------------------------------- 

; alamat index Tabel 

            org         0fd0h 

tbl_ascii_hex: 

            db          

00h,01h,02h,03h,04h,05h,06h,07h,08h,09h 

            org         0fe1h 

            db          0Ah,0Bh,0Ch,0DH,0Eh,0Fh 

            ; 

            org         0ff0h 

tbl_hex_ascii: 

            db          

30h,31h,32h,33h,34h,35h,36h,37h,38h,39h 

            db          41h,42h,43h,44h,45h,46h 

  end 

;============================================================= 
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Tabel 3.4.10. List sub program meja uji 
;============================================================= 

;              SUB PROGRAM ME_Uji 

; Fungsi    : Untuk mengendalikan motor di meja uji 

; Input     : Kepad matrix 

; Output    : P3.3 dan P3.4 

; Call Subproram : 

;           1. Delay 10mS 

;           2. Delay 30mS 

;           3. Delay 100mS 

;============================================================= 

t_motor     clr         p2.0        ;p2.2 

            jnb         p2.4,m1 

            setb        p3.3        ;p3.0 

            jnb         p2.6,m2 

            setb        p3.4        ;p3.1 

            setb        p2.0        ;p2.2 

            sjmp        out_motor 

m1          jnb         p2.5,m1_cepat 

            clr         p3.3        ;p3.0 

            lcall       dly_10ms 

            setb        p3.3        ;p3.0 

            lcall       dly_100ms 

            sjmp        t_motor 

m1_cepat    clr         p3.3        ;p3.0 

            lcall       dly_10ms 

            lcall       dly_10ms 

            lcall       dly_10ms 

            lcall       dly_10ms 

            setb        p3.3        ;p3.0 

            lcall       dly_100ms 

            sjmp        t_motor 

m2          jnb         p2.5,m2_cepat 

            clr         p3.4        ;p3.1 

            lcall       dly_10ms 

            setb        p3.4        ;p3.1 

            lcall       dly_100ms 

            sjmp        t_motor 

m2_cepat    clr         p3.4        ;p3.1 

            lcall       dly_10ms 

            lcall       dly_10ms 

            lcall       dly_10ms 

            lcall       dly_10ms 

            setb        p3.4        ;p3.1 

            lcall       dly_100ms 

            sjmp        t_motor 

out_motor   ret 

 

            end 

;============================================================= 
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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 A1 

39 Jan. 2, 2003 Capacitance Electrode US 2003/0000095 A1 

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 A1 

43 Nov. 13, 2003 Photoelectric Electrode US 2003/0209654 A1 

44 Nov. 20,2003 Electrical Electrode US 2003/0213136 A1 

45 Feb. 10, 2004 Electrolytic Electrode US 6,688,013, B2 

46 May 6, 2004 Electrical Ring Ball US 2004/0084290 A1 

47 Oct. 12, 2004 Electrolytic Electrode US 6,802,132 B1 

48 Oct. 28, 2004 Photoelectric Diffraction Grating US 2004/0213109 A1 

49 Dec. 14, 2004 Strength gauge Field Strength US 6,831,456 B2 

50 Dec. 16, 2004 Ultrasonic Micro sized US 2004/0251406 A1 

51 Apr. 19, 2005 Liquid Electrode US 6,880,257 B1 

52 Jul. 7, 2005 Electrostatic Cap Ring Electrode US 2005/0144794 A1 

33 Aug. 23, 2005 Strain gauge MEMS Base US 6,934,662, B2 

54 Sep. 15, 2005 Strain gauge Electrode US 2005/0198846 A1 

55 Jan. 12, 2006 Liquid Electrode US 2006/0005407 A1 

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 A1 

59 Aug. 14, 2007 Strain gauge Electrode US 7,254,897 B2 

60 Oct. 11, 2007 Optoelectronic Electrode US 2007/0236685 A1 

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 A1 

65 Aug. 18, 2009 Photoelectric Diffraction Grating US 7,577,076 B2 
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B. Data US Patent. 
 

B1. Nov. 13, 2003  
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