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E}o] ¥ /7}-2-E (timer/counter) 27, 16
HE golw/7heE 170, 831 ¢ 10
H|E ADC(analog digital converter),
471¢] PWM(pulse width modulation)
Ad sol 3 JHel FH(chip) Wl
Aol o] H g IR BE A7} 7k

[ 27] ATmegal6L. AVR

Aoln B AEE WYAA A AARE WY o 131::;: s
sha, A9 A AARAA dRdE £ Pee AR gl 5
A o) ol HEE AU, £ Piel WAL St 2

IR Sensor i B

Circuit Held dM=

wn| | e

Input Puls

Microprocessor

JUUL

Input Pulse nss
DC Motor ( )
Circuit

[ 28] vlel AR IR AA ] Ao} T2
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X012t
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3119 [9 321 A2 98 A o

=

=
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FAdEBE H2sl 5 5SS HoFE

(29 31] #AHE &9 24 Alz=d A

9
O g TAH @ old=2a FF 24 294 O
@ Close 2=91#] ©® Start 2=91%] ©® Reset 2=9x] @ F#(beep)
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S s 28 AaFe] ARSHS [29 33]9 2ok "A o =
A Alzd ko] 9lE HYE Avh Open 2=91AE ol &3te] F9UF
B o] e 718 AAS F Close =291 A(swich)& o] &3] 499
5w Yolweth @A A FAbE S AAstal ofd R A9AE
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S
Yeha 7h
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o] x| 74 (drop time interval)

g

}

°
pal

L
o

]_

S

A&

[e)

=

Fol A9 A ARt
A E 0l 4]

e Aol o] s A

°©

= Y
el

F3hH 0.79 [sec/dropl=

o

T

(number)

N
T

(drop capacity)

)
=

&9

Zo
23 dlo]E(data)e] 7l
0 1 _
X e ™ ) o =1.%6[du =]

2]
3] 8 9 A} (error tolerance)™= =10 % o] 0.710 Z°]A 0.869 % A}9]

(start time)¥} A& F & A 7Hend time)S 7]
o2z o0& AIZFF 300 m

3 126 W2o] "ojzok

o A=
25
0.066[ml] = 4



b el =S Alolstenh (7 34le] A ad LA A gE
of G s &e URel Aee & & ATk ol AF Fof 2H A
zglo] A AEeAL LS wolETh 2000914 2500 Aol A 1A

7] & Zow Walsle e Al2E o] Z(noise)E o4y o7t}

Mode 300[ml/hr]

Drop Time Interval[sec]
o
(=}

0.2
0
1 501 1001 1501 2001 2501 3001 3501 4001 4501 5001 5501 6001 6501
Data Number
[29 34] A7tE 300 ml= = £ A3
[¥ 1] A1 300 mlZ =9 %<9 A3 4

File Name test_8_7_m300.txt

Start Time August 7 PM 4:44

End Time August 7 PM 6:34

Mode 300 | [ml/hr]

Drop Capacity 0.066 | [ml]

Drop interval 0.79 | [sec]

Error Tolerance 10% 0.710 ~ 0.869 | [sec]

Measurement Time 110 | [min]

Exact Capacity 550 | [ml]

Display Capacity 500 | [ml]

Measurement Capacity 513 | [mli]

Measurement Count 7577 | [count]

Measurement Drop Capacity 0.068 | [ml/count]

Error (MC & EC) 37_| lml]
721 | [%]

Error (MC & DC) 253 | [%]




Z ZA A 7F2(measurement time)< 11002 A E=(mode)2}
ZAA S o] 83 o] Z X9l fF(exact capacity)S 550 mlo]il A
4% & (measurement capacity)< 513 mitl. F A8 = (display

capacity) & ZEIH WA Axstel A4 Sol 2 f9 %
AR HAH FE 8wl GIBAY $93 2A8YLA 2
= 37 ml=Z 721 %%

_40_



o 2] sjA

dg= Al

Yo} A &=

& ©]

10 __1r _

F sl 2.38 [sec/droplo =

9 oz A A Alo]= AL

H
=

Mode 100[ml/hr]

3.5
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N
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0.5

1001 1501 2001 2501 3001 3501 4001 4501 5001 5501 6001
Data Number

501

79 Az
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T

[Z1% 35] 213t 100 ml=
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[3E 2] AIRFS

100 ml= &

= )=
TO] 7534 'Lr__}‘\jl

File Name test_8_9_m100.txt
Start Time August 9 AM 11:18
End Time August 9 PM 4:30
Mode 100 | [ml/hr]
Drop Capacity 0.066 | [ml]
Drop interval 2.38 | [sec]
Error Tolerance 10% 2.142 ~ 2618 | [sec]
Measurement Time 312 | [min]
Exact Capacity 520 | [ml]
Display Capacity 500 | [ml]
Measurement Capacity 490 | [mli]
Measurement Count 7577 | [count]
Measurement Drop Capacity 0.065 | [ml/count]
Error 30 | [ml]
6.12 | [%]
Error (MC & DC) 2.04 | [%]
F ZAATS 312 oI AA mES ZAANE o8 d o e
o] &2 520 mlolar A A S 490 mIth ®AEF 500
mlo|th, o] &4 &y = 9] 9z 30 mlE 6.12 %L,
o2l Saka AL 2 4 %30T ZHE Gl =
e s JNFE o] &35t <o &) 0.065 ml= 714
066 mD3} Aol 2 QT 34 mES Ao e




A
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)
0.066 ml=

-

T

1
T

].

S

[Z2% 36]ol A H

A ECNA AlE

1

T

23t

2501 3001 3501

2001
Data Number
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(9 36]9] 23 #s B 3 &ex W o= HF= A Aoy
Aes E 7 Aok 3000 A dlo]E(data) F-+ A gk A EstA
ASlE 3 QEAE shetas]l A AoHm Qe ARl FAbs
F-2eo] fIAE WsAA & Aot} 1 ZAI HFsA AoEHI A=
&S BolEt

(% 3] A 15 mlz 59 %9 A3 B4

File Name stest_8_13_mlb5.txt

Start Time August 13 Friday PM 2:13

End Time August 13 Friday PM 9:29

Mode 15 | [ml/hr]

Drop Capacity 0.025 | [ml]

Drop interval 5.9 | [sec]

Error Tolerance 10% 531 ~ 6.49 | [sec]

Measurement Time 436 | [mim]

Exact Capacity 105 | [ml]

Display Capacity 109 | [ml]

Measurement Capacity 141 | [ml]

Measurement Count 4385 | [count]

Measurement Drop Capacity 0.0322 | [ml/count]

Error 36 | [ml]

25.53 | [%]

Error (MC & DC) 2270 | [%]
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[729 37]el A Rz whe} o] AR &Fol wWE o224 #at 74
e exE vud 2 AR uHERE FEHEREAE PR
Rheh wheh A3} gho]l =& E QT AR 15 ml, 20mle] AHEE &
A= Askar A1 10 ml, 30 mio] AERE Qb= b Aol At
Ao AHRES eat= BdATS & & vk ols £ 3} e
o] A o] Ages] ArtEA ot vEhE ddoR AZE Y

Error Comparison

O Measurement & Exact Error
B Measurement & Display Error

25

20

10

10 15 20 30 100 150 200 250 300
Capacity [mi/hr]
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Mode 10[ml/hr]

40

w
o

«w
o

N
o

Drop Time Interval[sec]
- o

o

o

o

501 1001

[29 38] Al7HE 10 mlE 5

[ 4] A2 10 ml= 54

1501

2001 2501 3001

Data Number

3501 4001

File Name stest_8_12_m10.txt
Start Time August 12 Thursday PM 10:10
End Time August 13 Friday AM 8:10
Mode 10 | [ml/hr]
Drop Capacity 0.025 | [ml]
Drop interval 9 | [sec]
Error Tolerance 10% 81 ~ 99 | [sec]
Measurement Time 600 | [mim]
Exact Capacity 100 | [ml]
Display Capacity 95 | [ml]
Measurement Capacity 94 | [mll
Measurement Count 3834 | [count]
Measurement Drop Capacity 0.0245 | [ml/count]
Error 6 | [ml]

6 | [%]
Error (MC & DC) -1.06 | [%]




2) A7HE 20 mlZ o
Mode 20[ml/hr]
14.00
12.00 |
8 ”WW
.

0.00

1 501 1001 1501 2001

[z 39] Azt

[3& 5] A3

2501

3501 4001 4501 5001 5501

Data Number

3001

b 20 mlE2 5o F9) A

20 mlz ol %)

6001

A3} 22

6501 7001

File Name stest_8_17_m?20.txt
Start Time August 17 PM 10:06
End Time August 18 AM 10:06
Mode 20 | [ml/hr]
Drop Capacity 0.0265 | [ml]
Drop interval 47233 | [sec]
Error Tolerance 10% 42501 ~ 5.1945 | [sec]
Measurement Time 12 | [hour]
Exact Capacity 240 | [ml]
Display Capacity 227 | [ml]
Measurement Capacity 313 | [mli]
Measurement Count 8547 | [count]
Measurement Drop Capacity 0.0366 | [ml/count]
Error 73 | [mi]
23.32 | [%]
Error (MC & DC) 2748 | [%]




o

3) A1 30 ml=

N
2
i

RS

Mode 30[ml/hr]

4.000
3.500 ‘ i fit gt i
‘ |!';Fﬂ’”ﬂ’|f[!’!j!‘hl“‘ R kil L

3.000 ff ‘
- il M t I | | Il |
8 2.500 ‘I]Ih“\dl.'n’ll.ll,“n i M ,IiII i B0 i)
£ 2.000
g 1.500

1.000

0.500 |

0.000 : : : : : : : : : : : : :

1 1001 2001 3001 4001 5001 6001 7001 8001 9001 10001 11001 12001 13001
Data Number
(28 40] A1ZFE 30 mIZ ¢ ¢ A3
(% 6] A7 30 mlz 59 %) A3 B4
File Name stest_8_15_m30.txt
Start Time August 15 PM &:35
End Time August 16 AM 10:35
Mode 30 | [ml/hr]
Drop Capacity 0.025 | [ml]
Drop interval 2.97 | [sec]
Error Tolerance 10% 2.673 ~ 3.267 | [sec]
Measurement Time 14 | [hour]
Exact Capacity 420 | [ml]
Display Capacity 400 | [ml]
Measurement Capacity 425 | [ml]
Measurement Count 16025 | [count]
Measurement Drop Capacity 0.0265 | [ml/count]
Error 5 | [mi]
1.18 | [%]

Error (MC & DC) 5.88 | [%]
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4) AZrE 150 mlE ol

E o
T H

—

Mode 150[ml/hr]

2.5

2
5
g
21

0.5

1 501 1001 1501 2001 2501 3001 3501 4001 4501 5001 5501 6001
Data Number
(238 41] A7E 150 mlZ 9 £ Az
[ 7] A3t 150 ml= 9 £ A3 &
File Name test_8_8 ml150.txt
Start Time August 8 PM 8:26
End Time August 8 PM 11:53
Mode 150 | [ml/hr]
Drop Capacity 0.066 | [ml]
Drop interval 158 | [sec]
Error Tolerance 10% 1.422 ~ 1738 | [sec]
Measurement Time 207 | [min]
Exact Capacity 5175 | [ml]
Display Capacity 500 | [mi]
Measurement Capacity 498 | [ml]
Measurement Count 7576 | [count]
Measurement Drop Capacity 0.066 | [ml/count]
Error 195 | [mi]
392 | [%]

Error (MC & DC) 0.40 | [%]




5 A+ 200 mlz ot

E o
T H

—

Mode 200[ml/hr]

-
o

-
ES

-
N

-

Drop Time Interval[sec]
o
(-}

0.6

0.4

0.2

1 501 1001 1501 2001 2501 3001 3501 4001 4501 5001 5501 6001
Data Number
(238 42] A7HE 200 mlZ 9 £ Ax
[ 8] AZFE 200 ml= 9 £ A3} &
File Name test_8_8 m200.txt
Start Time August 8 PM 3:24
End Time August 8 PM 6:03
Mode 200 | [ml/hr]
Drop Capacity 0.066 | [ml]
Drop interval 1.19 | [sec]
Error Tolerance 10% 1.071 ~ 1.309 | [sec]
Measurement Time 159 | [min]
Exact Capacity 530 | [ml]
Display Capacity 500 | [mi]
Measurement Capacity 505 | [ml]
Measurement Count 7580 | [count]
Measurement Drop Capacity 0.067 | [ml/count]
Error 25 | [mi]
495 | [%]

Error (MC & DC) 0.99 | [%]




6) A+ 250 mlE ol

E o
T H

—

Mode 250[ml/hr]

1.4
12 f
s 4 W%—A——M——Q
=
08
; 0.6
E
'—
204t
s
02 |
0 : L L L L L L L L L L L L
1 501 1001 1501 2001 2501 3001 3501 4001 4501 5001 5501 6001
Data Number
(238 43] A7E 250 mlZ 9 T Az
[ 9] A3 250 ml= o £ A3} 24
File Name test_8_7_m250.txt
Start Time August 7 PM 7:41
End Time August 7 PM 9:51
Mode 250 | [ml/hr]
Drop Capacity 0.066 | [ml]
Drop interval 0.95 | [sec]
Error Tolerance 10% 0.855 ~ 1.045 | [sec]
Measurement Time 130 | [min]
Exact Capacity 541.7 | [ml]
Display Capacity 500 | [mi]
Measurement Capacity 511 | [ml]

Measurement Count

7577 | [count]

Measurement Drop Capacity

0.067 | [ml/count]

Error 30.7 | [ml]
6 | [%]
Error (MC & DC) 2.15 | [%]




7) C 2218 A2~ (C program source)

#include <Megal6.h>
#include <stdio.h>
#include <delay.h>
#include <math.h>
#define RXC 7;

unsigned int baud;

float samp_freq;

unsigned int d_cnt;

unsigned long int ad_cnt = 0;
unsigned long int drop_cnt = 0;
float volt;

float threshold_volt = 2.8;

float drop_speed;

float c_time;

unsigned char volt_cnt;

unsigned int volt_disp, drop_disp, threshold_volt_disp;
unsigned char i =0;

unsigned char j = 0;

unsigned char flag_down = 0;
unsigned char flag_up = 0;

float t_down, t_up,t_drop;

float dropl2] = { 0,0};

float nominal_volt_sum = 0;

float nominal_volt = 0;

unsigned int k = 0;

int L1 = 0;

unsigned char NumDisp[10] = {0x03,0x9F,0x25,0x0D,0x99,0x49,0x41,0x1B,0x01,0x09};
float error;

float desired_DropSpeed = 1.5;
unsigned long int drop_cnt_check[2];
signed char drop_update_flag = 0;
unsigned char drop_stop_cnt = 0;
unsigned char water_low_cnt = 0;
bit start_flag = 1,

unsigned int refresh_time = 500;
unsigned char ad_channel = 1;
unsigned int DropSpeed_In_ml_Per_Hour = 100;
unsigned char loop_cnt = 0;
unsigned int time = 0;

float Drop_Size = 0.02175;

interrupt [TIMO_OVF] void timer_intO(void);
interrupt [ADC_INT] void ad_complete_int(void);
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void drop_count_speed(void);

void timer0_init(void);

void AD_converter_init(void);

void pulse_gen_timer2(void);

void uart_init(void);

void timerl_init(void);

void led_init(void);

void motor_ccw_rotation(void); void motor_cw_rotation(void);
void motor_control(void);

void motor_ccw_fast_rotation(void);

void valve_auto_open(void);

void valve_manual_open(); void valve_manual_close();
void refresh_time_control(void);

void beep_on(void);

void beep_off(void);

void motor_ccw_slow_rotation(void);

void motor_ccw_medium_rotation(void);

void motor_cw_slow_rotation(void);

void motor_cw_medium_rotation(void);

void drop_speed_setting_analog(void);

void led_int_display(int DropSpeed_In_ml_Per_Hour);

void main(void)

{

led_init();
timerO_init();
AD_converter_init();
DDRB = 0xE3;
pulse_gen_timer2();
uart_init();
timerl_init();

#asm ("sei”)

while (start_flag)

{
valve_manual_open();
valve_manual_close();

drop_speed_setting_analog();

valve_auto_open();

while(1)
{
motor_control();
refresh_time_control();
printf("%u\t %6u\t %u\t %u\r” time,volt_disp,drop_cnt,drop_disp);
}

_57_




sk ssorsorsoopoosorsosrsosos. SUB-ROUTINES skttt siossestotesisfse sttt st sk skt /

interrupt [TIMO_OVF] void timer_intO(void)
{
static unsigned char led_show_flag = 0;
static int drop_quantity = 0;
drop_quantity = drop_cnt*Drop_Size;
TCNTO = 256-d_cnt;
start_flag = PINA.4,
if (start_flag == 0)
led_show_flag = 1;
if (led_show_flag)
led_int_display (drop_quantity);
else

led_int_display(DropSpeed_In_ml_Per_Hour);

void drop_count_speed(void)
{
if ((c_time > 0.15) && (c_time < 0.2))
{
nominal_volt_sum = nominal_volt_sum + volt;
=L
nominal_volt = nominal_volt_sum/j;
threshold_volt = nominal_volt - 0.1;
}
if (c_time > 0.2)
{
if (flag_down)

loop_cnt ++;

if ((flag_down == 0) && (volt < threshold_volt))
{

flag_down = 1;

flag_up = 0;

k =05

nominal_volt_sum = 0;

t_down = ad_cnt/samp_freq*2;

}
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else;

else if ((flag_down == 1) && (volt > threshold_volt) && (loop_cnt > 12))
{

loop_cnt = 05

flag_up = 1;

flag_down = 0;

t_up = ad_cnt/samp_freq*2;

t_drop = t_down + (t_up - t_down)/2;

drop_cnt = drop_cnt+1;

if (i <2)
{
droplil= t_drop;
1+
if (drop_ent > 1)
{
drop_speed = drop[1] - dropl0l];
drop_disp = drop_speed * 10;
)
}
else
{

drop [0] = dropll];
drop [1] = t_drop;
if (drop_cnt > 1)
{
drop_speed = drop[l] - dropl0];
drop_disp = drop_speed * 1000;
}

}

else;

if (flag_up ==1)
{
k++;
if (k> 25) && (k < 50))
nominal_volt_sum = nominal_volt_sum + volt;
else if (k == 50)
{
nominal_volt = nominal_volt_sum/24;

threshold_volt = nominal_volt - 0.1;
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interrupt [ADC_INT] void ad_complete_int(void)

{

unsigned char DropSpeed_volt_count;

float DropSpeed_volt;

if (ad_channel == 1)

{
ad_cnt = ad_cnt+1;
time = (float) (ad_cnt/(400.64+0.5));
volt_cnt = ADCH;
volt = (float) (volt_cnt*0.0195);
volt_disp = voltx1000;
threshold_volt_disp = threshold_volt=1000;
c_time = ad_cnt/samp_freq*2 ;
drop_count_speed();

ad_channel = 2;

ADMUX = 0x20 | ad_channel;

}

else if (ad_channel == 2)

{
DropSpeed_volt_count = ADCH;
DropSpeed_volt = (float) (DropSpeed_volt_count*0.0195);
DropSpeed_In_ml_Per_Hour = DropSpeed_volt*150/4.9;
DropSpeed_In_ml_Per_Hour = DropSpeed_In_ml_Per_Hour;
ad_channel = 1;
ADMUX = 0x20 | ad_channel;

}

}

void timer0_init(void)

{
TIMSK = 0x01;
TCCRO = 0x04;
samp_freq = 400;
d_cnt = 31.25e3/samp_freq;
TCNTO = 256-d_cnt;
}

void AD_converter_init(void)

{
ADCSRA = 0x86;
ADMUX = 0x20 | ad_channel;
SFIOR = 0x80;
ADCSRA = 0xAE;
}
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void pulse_gen_timer2(void)

{
DDRD = 0xFF;
TCCR2 = 0x6a;
OCR2 = 200;
}
void timerl_init(void)
{
PORTDA = 1;
PORTD.5 = 1;
TCCRIA = 0x23 | 0x80;
TCCRIB = 0x02 | 0x08;
OCRIAL = 0x00;
OCRIB = 0x00;
}
void beep_on(void)
{
OCRIA = 505
}
void beep_off(void)
{
OCR1A = 0x00;
}

void refresh_time_control(void)

{
float refresh_time_bound ;
float refresh_time_float;
refresh_time_bound = desired_DropSpeed * 0.3;
if (fabs(error) < refresh_time_bound)
{
refresh_time_float = desired_DropSpeed *1000+1.0;
refresh_time = refresh_time_float;
}
else
refresh_time = 50;
delay_ms(refresh_time);
}

void motor_cw_slow_rotation(void)

{
PORTB.O = 1;
OCRIB = 512;
delay_ms(10);
OCRIB = 0;
PORTB.O = 0;
}
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void motor_cw_rotation(void)

{

PORTB.O = 1;
OCRIB = 512;
delay_ms(15);
OCRIB = 0;

PORTB.O = 0;

void motor_cw_medium_rotation(void)

{

PORTB.O = 1;
OCRIB = 512;
delay_ms(30);
OCRIB = 0;

PORTB.O = 0;

void motor_ccw_slow_rotation(void)

{

PORTB.O = 05
OCRIB = 512;
delay_ms(10);
OCRIB = 0;

PORTB.O = 0;

void motor_ccw_rotation(void)

{

PORTB.O = 05
OCRIB = 512;
delay_ms(15);
OCRIB = 0;

PORTB.O = 0;

void motor_ccw_medium_rotation(void)

{

PORTB.O = 0;
OCRIB = 512;
delay_ms(30);
OCRIB = 0;

PORTB.O = 0;
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void motor_ccw_fast_rotation(void)

{
PORTB.O = 0;
OCRI1B = 512;
delay_ms(45);
OCRIB = 0;
PORTB.O = 0;
}

void motor_control(void)
{

float error_bound;

error = desired_DropSpeed - drop_speed;
error_bound = desired_DropSpeed=*0.1;
drop_cnt_check[1] = drop_cnt_check[0];
drop_cnt_checkl[0] = drop_cnt;
drop_update_flag = Isign(drop_cnt_check[0]-drop_cnt_check[1]);
if (!drop_update_flag)
drop_stop_cnt++;
if ((drop_stop_cnt > 5) && (water_low_cnt <50))
water_low_cnt ++;
if ((fabs(error) > error_bound) && (error > 0) && (drop_cnt >2) && drop_update_flag )
{
if ((desired_DropSpeed*0.8) <= drop_speed)
motor_cw_slow_rotation();
else if (((desired_DropSpeed*0.2) <= drop_speed) && ((desired_DropSpeed+0.8) >
drop_speed))
motor_cw_rotation();
else if (((desired_DropSpeed+0.2) > drop_speed))
motor_cw_medium_rotation();
beep_on();
delay_ms(100);
beep_off();
)
else if ((fabs(error) > error_bound) && (error < 0) && (drop_cnt >2) &&
drop_update_flag)
{
if ((desired_DropSpeed*1.2) >= drop_speed)
motor_ccw_slow_rotation();
else if (((desired_DropSpeed*1.2) < drop_speed) && ((desired_DropSpeeds1.8)
>= drop_speed))
motor_ccw_rotation();
else if (((desired_DropSpeed*1.8) < drop_speed))
motor_ccw_medium_rotation();
beep_on();
delay_ms(100);
beep_off();
)
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void valve_auto_open(void)
{

unsigned char motor_ccw_fast_rotation_cnt = 0;

drop_speed = 9.99;
while ((drop_speed > 5) && (motor_ccw_fast_rotation_cnt <60))
{
motor_ccw_fast_rotation();
motor_ccw_fast_rotation_cnt ++;
delay_ms(500);
}
}
void valve_manual_open()

{

unsigned char manual_open_flag;

manual_open_flag = PINA.5;
if( 'manual_open_flag)
{
PORTB.O = 0;
OCRIB = 512;
beep_on();
delay_ms(150);
beep_off();
OCRIB = 0;
PORTB.O = 0;
}
else if (manual_open_flag)
{
OCRIB = 05
PORTB.0O = 0;
}
delay_ms(40);

void valve_manual_close()
{

unsigned char manual_close_flag;

manual_close_flag = PINA.6;
if( !'manual_close_flag)

{
PORTB.O = 1;
OCRI1B = 512
beep_on();
delay_ms(150);
beep_off();
OCRIB = 0;
PORTB.O = 05

}




else if (manual_close_flag)
{
OCRI1B = 0;
PORTB.O = 0;
)
delay_ms(40);

void drop_speed_setting_analog(void)

{
int dummy;
desired_DropSpeed = 3600.0/( (float) (DropSpeed_In_ml_Per_Hour/Drop_Size));
desired_DropSpeed = desired_DropSpeed *0.98;
dummy = desired_DropSpeed=100;
}

void uart_init(void)

{
UCSRA = 0x00 ;
UCSRB = 0x18;
UCSRC = 0x86;
baud = 51;
UBRRL = baud;
UBRRH = 0x00;
ACSR = 0x80;
}

void led_init(void)

{

DDRC = 0xFF;
DDRB = 0xEO;

_65_




void led_int_display(int DropSpeed_In_ml_Per_Hour)
{

int Digit[3] ;

int DropHour;

L1++;
DropHour = DropSpeed_In_ml_Per_Hour;
Digit[2] = DropHour/100;
Digit[1] = (DropHour - Digit[2]%100)/10;
Digit[0] = DropHour -Digit[2]%100-Digit[1]+10;
if (L1 ==1)

{
PORTB.7 = 0;
PORTBS = 1;
PORTC = NumDisp[Digit[0]];
)
else if (L1 == 3)
{
PORTB.S = 0;
PORTBS6 = 1;

PORTC = NumDispl[Digit[1]];
)
else if (L1 == 5)
{
PORTB.6 = 0;
PORTB.7 = 1;
if (Digit[2] != 0)
PORTC = NumDispl[Digit[2]];
else PORTC = 0xFF;
}
else if (L1 == 6)
L1 =0
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ABSTRACT

Development of a Smart Ringer Control System

using an infrared photo sensor

Hwang, Kyoung-Sik

Major in Mechanical System Engineering
Dept. of Mechanical System Engineering
Graduate School of Hansung University

The intravenous injection devices currently used at hospitals
are of two types. The first one is the manual clamp-roller type
injection device which is most widely used because of its low cost
and ease of operation in spite of low accuracy. The second one is
the positive displacement infusion pump which is accurate in dosage
control but heavy, hard to operate, and far more expensive
compared to the clamp-roller type injection device.

The objective of this research is to develop an injection device
that is light, easy to operate, reliable, and moderately priced. The
proposed injection device would be something between the
roller—clamp type injection device and the infusion pump in terms of
accuracy in controlling dosage, weight of device, and the price.

The novel inject device is comprised of infra-red sensors, a dc
motor, and microprocessor. The infra-red sensor is wusing to
measure time interval between drops. The dc motor regulates time
interval between drops to a preset value. The microprocessor

calculates the speed at which medicine drop drips using time
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interval measured with infra-red sensor and compares it with the
preset speed. The error, which is defined as the difference between
the measured and preset speed, is used as an input in controlling
the dc motor.

Experiments are divided into three modes, high, medium, and
low speed mode. For the high speed mode the injection speed is
greater than 200 ml/hr. For the middle speed mode the injection
speed is between 50 ml/hr and 200 ml/hr. For the low speed mode
the injection speed is below 50 ml/hr.

According to experiment results, the injection control error was
within 10 % for the case of more than 100 ml/hr. And the injection
control error was about 25 % for the case of fewer than 100ml/hr.

Although accuracy of the proposed system does not reach to
that of the positive displacement infusion pump, significant
improvements over the manual clamp-roller type injection

device(simple gravity dripping) have been achieved.
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