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Abstract

The detail of this thesis is about the liquid level measurement and constructs the
liquid level measurement device implementing ultrasonic wave. The method of
measurement is “Transit Time Method”. This method is used for measuring the level of
liquid by calculating the time value. The level value of the calculation can be used to
display on computer and calculate volume, weight or other value. This method may also

be applied in other application.
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191 3.1 (n) 8051 vHon lavZIUNTUIDI MCS-51

:> DPTR

PROGRAM

ADDR <‘:
REGISTER

BUFFER

PC
INCREMEN

PROGRAM
COUNTER

&
KD
=




8 | B8* 8 | A8* 8 89 8 | 88*
i IE TMOD TCON
8 | EO* 8 | FO* Register Register Register Register
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Math Registers 8 8¢ 8 I 8A 8 o 8 i
THO TLO TH1 TH1
Counter Counter Counter Counter
Timer/Counter Registers
/F
Gengeral- 8 | 98 8 | 99 8 | 87 8 | Do*
Purpose SCON SBUF PCON PSW
Area Register Register Register Register
30 7F Serial Data Registers Flags
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pl.6g7 o 34BPS
P1.7038 a 33PBros
RSTQ? W 3283 P07
P3ORXDOI0 & 31@EA
P3.UTXD Q11 S 30PALE
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P0.X
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ADDR/DATA CONTROL
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WRITE !
N PO.X :
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P3.1/RXD (Serial Output Port) tiluv1nlddoyauuneynsu
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14

3.3.1 Insea319v09 wosn 3
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OUTPUT

READ FUNCTION . vce
LATCH P>
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PULL-UP
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INT.BUS . ok P3.X
PIN
WRITE Q
LATCH
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LATCH

~1 e ~1
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INPUT
FUNCTION
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.
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~ 7
— 10/25V Vee

RST
#8051

§ 8.5k Vss

51l 3.7 mssevisidmivau 8051

3.4 29953 NAYYUNWMNYBI 8051

o/ a =) o/

M3Ae2993 a3 1edygnaumnIlegalunu 2 guuy Aeuuumelutesmeueniaag

QU

Aa31ii 3.8

1 XTAL2
QUARTZ I
CRYSTAL g L - C1 MCS-51
OR CERAMIC —— S HMOS
RESONATOR | OR CHMOS
o XTAL1
Vss

(2) Using the on-chip Oscillator

XTAL2
MCS-51
A HMOS
EXTERNAL OR CHMOS
CLOCK XTALI
SIGNAL Vss

A.HMOS OR CHMOS



MCD-51
HMOS
EXTERNAL OR CHMOS
CLOCK XTAL2
SIGNAL
| XTALIL
Vss
= B.HMOS Only
MCS-51
HMOS
OR CHMOS
(NC) XTAL2
EXTERNAL
CLOCK XTALI
SIGNAL Vss
" C.CMOS Only

51/ 3.8 20sATRYRNVUUIRNIVBY 8051
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ONE MACHINE CYCLE ONE MACHINE CYCLE
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+
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P2 pcuout \ | porour X | poxout X! PCH OUT X] pcHour Y IPCHOUT

- -E—-G—8-B—6-E8-E

{
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|
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wondil 2 afalu 1 wiulanda fuiudyaunldomudoyasin Program Memory 9219
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60 K
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' ¢ g ' o a 7 o w 4
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INTERNAL
FF|  SFrRsDIRECT | ) FERF
ADDRESSING
64 K
80 ONLY -
= A g G
DIRECT &
EXTERNAL
INDIRECT
00| ADDRESSING | ) 0000

= o ' o o o J
E‘LIW 3.12 WYUHEAIUAT Y TU Data Memory D3 8051

3.6 matulugauaaswanunanal (LCD Module )
3.6.1 NeazdganeInuluga LCD
v
TuTuga LCD veiidudszneundn 3 dau fail
@ 2 g = P v a o
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Tuga LCD a1 au9enw udas@Ionys nsemownesizes (Hudu danuquiilds
a aa YA o Y
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3.6.2 Tassarameluvesdnugaluga LCD
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v W o d [ ° I v o 4 o
(Look up-lable) woadsnysinyBlumissanuirseutazusumnudidnys ieth lduaag
NALEAIHE
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3.6.3Tuga LCD @ 16 @0nys 1 Ussa (LCD 16x1)
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40.00 41.00 41.00 40.00 40.00 41.00
50.00 51.00 51.00 49.00 51.00 51.00
60.00 62.00 62.00 60.00 60.00 62.00
70.00 70.00 70.00 69.00 70.00 70.00
80.00 81.00 80.00 80.00 80.00 81.00
90.00 91.00 90.00 90.00 90.00 91.00
100.00 101.00 - 100.00 99.00 99.00 101.00
110.00 110.00 110.00 ~ 109.00 = 109.00  110.00
120.00 119.00  119.00 ~ 118.00  118.00  119.00
130.00 130.00  129.00  128.00  130.00  130.00
140.00 140.00  139.00 138.00  140.00  140.00
150.00 149.00  150.00  148.00 149.00  149.00

Y ' vy v v v v ' 9y '
seduRSa) psel2l A2 asen23  psel24  Asen2s

1.00 2.00 1.00 . 1.00 2.00 2.00
10.00 11.00 10.00 10.00 11.00 11.00
20.00 19.00 20.00 21.00 19.00 19.00
30.00 29.00 31.00 30.00 29.00 29.00
40.00 40.00 40.00 41.00 40.00 40.00
50.00 51.00 49.00 51.00 51.00 51.00
60.00 60.00 60.00 62.00 60.00 60.00
70.00 70.00 69.00 70.00 70.00 70.00
80.00 80.00 80.00 80.00 80.00 80.00
90.00 90.00 90.00 90.00 90.00 90.00
100.00 99.00 99.00 100.00 99.00 99.00

110.00 109.00 109.00 110.00 109.00 109.00



120.00
130.00
140.00
150.00

FTAVTI(WY.)

1.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00
160.00
110.00
120.00
130.00
140.00
150.00

118.00
130.00
140.00
149.00

S 4
AIIN26
1.00
11.00
19.00
31.00
41.00
51.00
60.00
70.00
80.00
90.00
99.00
110.00
118.00
129.00
139.00

147.00

118.00
128.00
138.00
148.00

4
AIIN27
1.00
10.00
20.00
31.00
40.00
49.00
60.00
69.00
80.00
90.00
99.00
109.00

118.00

128.00 .

138.00
148.00

119.00
129.00
139.00
150.00

& 4
fNI3IN28
1.00
10.00
20.00
31.00
40.00
49.00
60.00
69.00
80.00
90.00
99.00
109.00
118.00
128.00
138.00
148.00

118.00
130.00
140.00
149.00

& &
fA33IN29
1.00
10.00
20.00
31.00
40.00
49.00
60.00
69.00
80.00

90.00

99.00

109.00
118.00
128.00
138.00

148.00

118.00
130.00
140.00
149.00

v 1 1
590130  AuRaY

1.00
10.00
20.00
31.00
41.00
51.00
62.00
70.00
81.00
91.00
101.00
110.00
119.00
130.00
140.00
149.00

1.28
10.43
19.67
30.30
40.43
50.43
60.53
69.72
80.13
90.13
99.40
109.43
118.27
129.13
139.17
148.55
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SEAVATI(TN.)
150.00
140.00
130.00
120.00
110.00
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

1.00

FEAVITI(TY.)
150.00
140.00
130.00
120.00
110.00
100.00
90.00
80.00
70.00

60.00

adaiit
147.00
139.00
130.00
118.00
110.00
99.00
90.00
80.00
70.00
60.00
51.00
40.00
31.00
19.00
11.00

1.00

adaiic
149.00
140.00
130.00
118.00
109.00
99.00
90.00
80.00
70.00

60.00

ﬂ%\?"ﬁz
149.00
140.00
131.00
118.00
110.00
100.00
92.00
81.00
70.00
62.00
51.00
40.00
31.00
20.00
10.00

1.00

o &
NN
149.00
140.00
131.00
118.00
110.00
100.00
92.00
81.00
70.00

62.00

ﬂi\‘l‘ﬁ:%
148.00
138.00
129.00
117.00
109.00
98.00
90.00
80.00
69.00
60.00
50.00
39.00
31.00
20.00
10.00

1.00

adaita
148.00
138.00
129.00
117.00
109.00
98.00
90.00
80.00
69.00
60.00
50.00
39.00
31.00
20.00
10.00

1.00

ﬂ‘g’;ﬁﬁ9
147.00
139.00
130.00
118.00
110.00
99.00
90.00
80.00
70.00
60.00

149.00
140.00
130.00
118.00
109.00
99.00
90.00
80.00
70.00
60.00
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50.00
40.00
30.00
20.00
10.00
1.00

FLAVAT(HY.)

150.00
140.00
130.00
120.00
110.00
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
1.00

51.00
40.00
29.00
19.00
11.00

1.00

&
AIN11
149.00
140.00
131.00
118.00
110.00
100.00
92.00
81.00
70.00
62.00
51.00
40.00
31.00
20.00
10.00
1.00

51.00
40.00
31.00
20.00
10.00
1.00

51.00
40.00
31.00
19.00
11.00

1.00

g A
ATINI2  AIINI3

148.00
138.00
129.00
117.00
109.00
98.00
90.00
80.00
69.00
60.00
50.00.
39.00
31.00
20.00
10.00
1.00

149.00
140.00
130.00
118.00
109.00
99.00
90.00
80.00
70.00
60.00
51.00
40.00
29.00
19.00
11.00

1.00

51.00
40.00
31.00
19.00
11.00
1.00

51.00
40.00
29.00
19.00
11.00
1.00

oy & A
AIIN14  ATINIS

150.00
139.00
131.00
118.00
110.00
99.00
91.00
80.00
70.00
62.00
51.00
40.00
30.00
21.00
10.00
1.00

147.00
139.00
130.00
118.00
110.00
99.00
90.00
80.00
70.00
60.00
51.00
40.00
31.00
19.00
11.00
1.00
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v ] 9 ]
TELAVITI(HY.) ATIN16  ATIN17  ATINI8  ATaN19  AsIn20

150.00 147.00  149.00  150.00 149.00  149.00
140.00 139.00 14000  139.00  140.00  140.00
130.00 130:00-*.131.:00 " 7#131.00 ~ ~130:00 " 130.00
120.00 118.00 11800 118.00 118.00  118.00
110.00 110.00 11000  110.00 109.00  109.00
100.00 99.00 100.00 99.00 99.00 99.00
90.00 90.00 92.00 91.00 90.00 90.00
80.00 80.00 81.00 80.00 80.00 80.00
70.00 70.00 70.00 70.00 70.00 70.00
60.00 60.00 62.00 62.00 60.00 60.00
50.00 51.00 51.00 51.00 51.00 51.00
40.00 40.00 40.00 40.00 40.00 40.00
30.00 31.00 31.00 30.00 29.00 29.00
20.00 19.00 20.00 21.00 19.00 19.00
10.00 11.00 10.00 10.00 11.00 11.00
1.00 2.00 2.00 2.00 3.00 3.00

Re

seduRa) - adadal afefin  asefios  adafia adaiios
150.00 149.00  149.00  148.00 - 150.00 = 150.00
140.00 140.00 14000  138.00  139.00 139.00
130.00 131.00. . 13000° - 129.00% +131.00 > 13108
120.00 11800 11800 117.00 ' 118.00 118.00
110.00 110.00 109.00 109.00 110.00 110.00
100.00 100.00 99.00 98.00 99.00 99.00
90.00 92,00,  90.00- . 90.00 9100 - 91.00
80.00 81.00: 8000 8000  BD.00- - 80:00
70.00 7000 7000 ~69.008 © 70.00 ~ 7000
60.00 62.00 6000  60.00  62.00  62.00

50.00 51.00 51.00 50.00 51.00 51.00



40.00
30.00
20.00
10.00

1.00

FEAVATY (W3,
150
140
130
120
110
100
90
80
70
60
50
40
30
20

10

40.00
31.00
20.00
10.00
2.00

149
140
129
119
109
100
91
19
69
59
Sk
39
29
21

11

40.00
29.00
19.00
11.00
2.00

149
140
131
118
110
100

81
70
62
51

40

3l

20

10

39.00
31.00
20.00
10.00
2.00

)
‘DQ‘Q
=).
[\
o0

149
139
130
118
110
99
90
79
71
60
51
41
29
21

11

40.00
30.00
21.00
10.00

3.00

Y ' Y '
ASIN 29 ATIN 30

148
138
129
117
109
98
90
80
69
60
50
39
1
20
10

1

40.00
30.00
21.00
10.00
3.00

148
140
131
120
111
99
89
79
69
59
50
40
28
19
11

Aundo
148.53
139.3
130.16
117.93
109.63
99.06
90.53
80.1
69.8
60.6
50.8
39.83
30.23
19.76
10.5

1.5
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; Program : Generator 40KHz

; Description  : Square Wave Generator 40KHz on T0 pin (P3.4)

;****************************************************************************

.
b}

; Define Port&Pin Name

TO_PIN BIT P34 ;3 Timer/Counter 0 PIN

.
9

s Main Program.

ORG 0000H ; Reset Vector
AJMP MAIN 3 Jump to Main
ORG 0003H ; IEO Vector

RETI s Return interrupt
ORG 000BH . TFO Vector
MOV THO#0FFH ; 1 ms Interval Time
MOV TLO,#0E9H :

CPL TO0_PIN s

RETI ; Return interrupt
ORG 0013H ; IE1 Vector
RETI ; Return interrupt
ORG 001BH ; TF1 Vector

RETI ; Return interrupt



MAIN:

ORG
RETI

ORG
RETI

MOV
MOV
MOV

MOV

SETB

ACALL
AJMP

0023H ; TI+RI Vector

; Return interrupt

002BH ; TF2+EXF2 Vector

; Return interrupt

TMOD,#021H .

THO#0FFH ; 1 ms Interval Time
TLO,#0E9H 3

IE,#10000010B ;s En. EALETO0

TRO ; Start Timer 0
DELAY _1s

$ ; Jump to Main loop

.
9

; Dummy Delay time LCD_DELAY, 10m, 100m, 250m, 1s

]

LCD DELAY:

LCD_DELAY 1:

LCD_DELAY 2:

DELAY 10ms:

DELAY_10ms_1:

DELAY_10ms_2:

MOV
MOV
NOP
NOP
DJNZ
DJNZ

RET

MOV
MOV

NOP

R7,#002 s Do 2 times

R6,#0E6H ; Each loop =1 ms

R6,LCD_DELAY 2

R7,LCD_DELAY 1

R7,#010 ; Do 10 times

R6,#0E6H ; Each loop =1 ms



NOP

DJINZ R6,DELAY_10ms_2

DINZ R7,DELAY_10ms_1

RET
DELAY_100ms: MOV R7,#100 ; Do 100 times
DELAY_100ms_1: MOV R6,#0E6H ; Each loop =1 ms
DELAY_100ms_2: NOP

NOP

DINZ R6,DELAY_100ms_2

DJINZ R7,DELAY_100ms_1

RET
DELAY_250ms: MOV R7,#250 ; Do 250 times
DELAY_250ms_1: MOV R6,#0E6H ; Each loop =1 ms
DELAY_250ms_2: NOP

NOP

DJNZ R6,DELAY_250ms_2

DJINZ R7,DELAY_250ms_1

RET
DELAY_1s: MOV R5,#100 ; Do 100 times
DELAY 1s 1: ACALL DELAY 10ms

DJNZ R5,DELAY 1s 1

RET
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; Program :Counter
; Description  : LCD Show < P3.3Stop >

; For : MCS-51 Microcontroller Training System

R e e e o e e L T e L e L L T T T T T R T R TR T ORIy
9

. .
9 9

; Define Port&Pin Name

LCD_EN BIT P3.6  ; LCD Module Enable (Active High : Level)

LCD_RS BIT P3.7  ; LCD Module Register Select

L

; Define User Register

.
9

FLAG EQU 02FH ; User FLAG

START BIT FLAG.0 ; Define START as bit
LCD_BUFFERI1 EQU 030H ; For keep DSP1 Data
LCD_BUFFER2 EQU 031H ; For keep DSP2 Data
DSP_CNT EQU 034H ; Display Counter Register
LCD_ADDR EQU 035SH ; For keep LCD Address

LCD DATA EQU "036H ; For keep LCD Data

LCD _PTR EQU 037H ; For keep LCD 3 Char Pointer
STOP_SW BIT P3.3  ; Interrupt1 PIN S3

.
9

; Main Program.

.
b

ORG 0000H ; Reset Vector
MOV P0,#00000000B ; Clear Databus
MOV P1,#11101111B ; Clear status all devices

ACALL INIT_LCD



MAIN:

LOOP:

LOOP1:

MOV
ACALL
MOV
ACALL
ACALL
ACALL

MOV
MOV
SETB
MOV
MOV
DIV
MOV
MOV
INC
ACALL
JB

DEC
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL

LCD_ADDR,#000H

SET_ADDR_LCD

DPTR,#DISTANCE _1

WRLINE_LCD
DELAY 1s

DELAY _1s

DSP_CNT,#0
FLAG,#0

START
A,DSP_CNT
B,#16

AB
LCD_BUFFER2,A
LCD_BUFFER1,B
DSP_CNT
DELAY 1s
STOP_SW,LOOP
DSP_CNT

LCD._ ADDR,#000H

SET_ADDR_LCD

DPTR,#DIS_SHOW

WRLINE_LCD
LCD_ADDR,#003H

SET_ADDR_LCD

; Set Address 00H

; Delay

; Clear Display Counter

; Clear AIl FLAG

5

; Divider

5 Store NUM
; Store DEN

5 Set Address 00H

; Set Address 04H

.
9

LCD_DATA,DSP_CNT;

HEX2L.CD
LCD_ADDR, #043H

SET_ADDR_LCD

; Show Data as HEX

; Set Address 04H



MOV LCD_DATA,DSP_CNT
ACALL HEX2LCD
AJMP MAIN

3

;s HEX Code to show LCD

s I/P: LCD_DATA

;

HEX2LCD: PUSH ACC
MOV A, LCD_DATA
MOV B,#100
DIV AB
ADD A,#030H
CJINE
MOV A

HEX2 LCD NX: MOV LCD DATA,A
ACALL WRCHAR_LCD
MOV AB
MOV B,#10
DIV AB
ADD A#030H
MOV 'LCD DATA,A
ACALL WRCHAR_LCD
MOV AB
ADD A#030H
MOV LCD DATA,A
ACALL WRCHAR_LCD
POP ACC
RET

; Push ACC.

; Get Data

5

; Divide by 100

; Convert to ASCII

A#030H,HEX2 LCD_NX ; Check x100=0 ?

.
9

5 LCD Initialize

; 0 => Write Space

: Write x100

; Divide by 10

; Convert to ASCII

; Get Remainder x1

; Convert to ASCII

5 Write Lower HEX Code
; Pop ACC.

; Return



INIT_LCD: ACALL DELAY_190ms ; Delay

CLR LCD_RS ; Clear LCD_RS Pin
MOV P0,#00111000B ; 8bit Mode
ACALL LCD_CLK ; Pulse LCD Clock
ACALL DELAY_10ms ; Delay
MOV P0,#00111000B ; 8bit Mode
ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD_OFF ; Display Off
ACALL LCD_CLR ; Clear Display
MOV P0,#00000110B ; Entry Mode
ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD_HOME ; Return Home Display

; LCD Clear Display

LCD_CLR: CLR LCD_RS ; Clear LCD_RS Pin
MOV P0,#00000001B ; Display Clear
ACALL LCD_CLK ; Pulse LCD Clock
RET

;s LCD Return Home

LCD_HOME: CLR LCD_RS ; Clear LCD_RS Pin
MOV P0,#00000010B ; Return Home
ACALL LCD_CLK ; Pulse LCD Clock



’

; LCD Display Off

’

LCD_OFF: CLR LCD_RS
MOV P0,#00001000B
ACALL LCD_CLK
RET

; LCD Clk

LCD_CLK: SETB LCD _EN
ACALL LCD DELAY
CLR LCD_EN
ACALL LCD _DELAY
RET

5

; LCD Display On

LCD_ON: CLR LCD_RS
MOV P0,#00001100B
ACALL 'LCD_CLK

; Clear LCD_RS Pin
; Display Off

; Pulse LCD Clock

; Pulse Clock to LCD_EN

; Clear LCD_RS Pin

; Display On



9

; Set LCD Address

3 I/P: LCD_ADDR

5

SET_ADDR_LCD: CLR LCD_RS ; Clear LCD_RS Pin
MOV A,LCD_ADDR 3
SETB ACC.7 ; Set bit ACC.7
MOV P0,A ; Move to DATABUS
ACALL LCD_CLK ; Pulse LCD Clock
RET

9

;5 Write Character to show LCD

s I/P: LCD_DATA

WRCHAR_LCD: SETB LCD_RS 5 Set LCD_RS Pin
MOV PO,LCD_DATA ]
ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD_ON ; Display On
RET

.
9

; Write Line of 16 Character from ROM

s I/P: DPTR : Locate ROM Address
WRLINE_LCD: MOV RO,#0 ; Clear loop counter
WRLINE_LCD_1: SETB LCD_RS ; Set LCD_RS Pin
CLR A ; Clear ACC.
MOVC A,@A+DPTR
MOV P0,A ;s Move ACC. to DATABUS
ACALL LCD_CLK ; Pulse LCD Clock
INC DPTR ; Increase Pointer

INC RO



WRLINE_LCD 2:

CJNE
MOV
ACALL
SETB
CLR
MOVC
MOV
ACALL
INC
INC
CJNE

ACALL

RO#8,WRLINE _LCD 1 ; Do until 8 times
LCD_ADDR,#040H

SET_ADDR_LCD

LCD_RS ; Set LCD_RS Pin

A ; Clear ACC.
A,@A+DPTR

P0,A ; Move ACC. to DATABUS
LCD_CLK ; Pulse LCD Clock

DPTR ; Increase Pointer

RO

RO,#16,WRLINE_LCD_2 ;

LCD_ON ; Display On

.
9

; Dummy Delay time I2C_ DELAY, LCD_DELAY, 10ms, 100m, 1s

I2C_DELAY:

I2C_DELAY 1:

LCD DELAY:
LCD DELAY_1:

LCD_DELAY 2:

MOV
NOP
NOP
DJNZ
RET
MOV
MOV
NOP
NOP
DJIJNZ

DJIJNZ

R6,#00CH ; Each loop =50 us

R6,]12C_DELAY 1

R7,#002 ; Do 2 times

R6,#0E6H ; Each loop =1 ms

R6,LCD_DELAY_2

R7,LCD_DELAY_1





