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[Abstract]

In order to prevent a collision accident during sudden braking, we have proposed an hazard lamps
automatic operation system that can be easily installed in existing vehicles that do not have hazard lamps
automatic operation. There are several ways to recognize sudden braking. Using GPS, the system does not
work in a tunnel, and it is difficult to install the system additionally on an existing vehicle using a vehicle
speed sensor. Therefore, the proposed system eliminates these problems by using the acceleration sensor

and makes it possible to recognize even the sudden turning and bounce of the vehicle.
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I. Introduction
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II. Hazard Lamp Circuit and
Acceleration Sensor
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1. Hazard Lamp Circuit
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Fig. 1. Circuit diagram of ‘S’ vehicle’s hazard lamp of ‘H company

HldS 28R AHEE 12 10742 =ofelen [Fig.
2= vlids 2814171 ON/OFF H%te o Wi Ha2
A2 JEES HolEh

P berminal| AEE (FREE) | ON (LOCK) REMARK
5 COr— IGN
7 O BATT
8 C— O— | common
8 Cr— F BATT
9 — AH
10 e LH
2 Q_:S'é ILL +
3 Oo— ILL -

Fig. 2. Connection status of internal pin of the hazard
lamp switch

2. Acceleration Sensor
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Fig. 3. Architecture of AM—-3AXIS
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Table 1. Function of AM-3AXIS pin

Pin no. Pin name Contents
0 : £2g full scale
1 Full |
ull Scale 1 xég full scale
0 : normal mode
2 If Test
Self Tes 1 : self test mode
Power 0 : normal mode
3 .
Down 1 : power down mode
4 GND ground
5 Z-out Z-direction output voltage
6 Y-out Y-direction output voltage
7 X-out X-direction output voltage
8 VCC power (DC 3.3V)
Xe2.31V (+1g) ) Botiom  w.1.65v (og)
Yal BEV (0g) 15 Yl B5Y (Og)
21,65V {0g) a

Yud 31Y (o1 L
Z=1.65V (0g) Top Z=0.99Y (-1g)

Top =185V (0g)
o] ¥=1.86V ©0g)
Bottom €721V (+10)

Earth’s Surfaca
- it

Crr 7

Fig. 4. Output voltage value of LIS344ALH according to
the laid direction (based on full scale £ 2g)

III. Hazard Lamp Automatic Operation
System
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1. Architecture of The Proposed System
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Fig. 5. Architecture of hazard lamp automatic operation
system
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Fig. 8. Hazard lamp automatic operation system
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Fig. 9. Block diagram of hazard lamp automatic
operation system
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2. Control Software of The Proposed System
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Table 2. ADC conversion value of output voltage

acceleration Output ADC Remark
voltage value
29 2.97V (155) calculated
value
Tg 231V 120 experimental
value
0 1.65V 85 experimental
value
-9 0.99v 50 experimental
value
Iculat
29 0.33V (15) calculated
value
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Table 3. Control program of hazard lamp automatic operation system

#define LIMIT_XA80 // X-axis acceleration sensor acceleration ADC limit
#define LIMIT_XB 115 // X-axis acceleration sensor sudden braking ADC limit
#define LIMIT_YL 70 // Y-axis acceleration sensor sudden left turning ADC limit
#define LIMIT_YR 100 // Y-axis acceleration sensor sudden right turning ADC limit
#define LIMIT_ZD110 /| Z-axis acceleration sensor sudden down ADC limit
#define LIMIT_ZU130 /| Z-axis acceleration sensor sudden up ADC limit

#define ACC_TIME 0x8000  // Acceleration holding time

#define STRAIGHT_TIME  0x6000 // straight holding time

#define BALANCE_TIME 0x4000 // balance holding time

#define GO 85 // ADC output of Og

#define G1 120 // ADC output of 1g

#define ERR 3 // gravity acceleration tolerance

#define ON OxFF // hazard lamp on

#define OFF 0x00 // hazard lamp off

unsigned char drive_status; // O:normal, 1:sudden braking, 2:sudden turning, 3:sudden bouncing
unsigned char emerg_status;
unsigned int time;

void main(void){
unsigned char x, y, z;

init_devices():
drive_status = 0;

while(1){
startConvertion(0); // X-axis sensor Converting
x = readConvertData():
startConvertion(2); // Y-axis sensor Converting
y = readConvertData();
startConvertion(4); /] Z-axis sensor Converting
z = readConvertData();
if(drive_status == 0){
if(x > LIMIT_XB)
drive_status = 1; // sudden braking
else if(y > LIMIT_YR || y < LIMIT_YL)
drive_status = 2, // sudden turning
else if(z > LIMIT_ZU || z < LIMIT_ZD)
drive_status = 3; // sudden bouncing
if(drive_status 1= 0){
PORTB = ON; // hazard lamp on
emerg_status = 0; // 0:Emergency start
}
lelse if(drive_status == 1 && x > LIMIT_XA)
hazard_lamp_off(ACC_TIME); // sudden braking stop
else if(drive_status == 2 && y > (GO - ERR) && y < (GO + ERR))
hazard_lamp_off(STRAIGHT_TIME); // sudden turning stop
else if(drive_status == 3 && z > (G1 - ERR) && z < (G1 + ERR))
hazard_lamp_off(BALANCE_TIME); // sudden bouncing stop
}
}
void hazard_lamp_off(holding_time){ // hazard lamp off over holding time
if(emerg_status == 0){
time = 0;
emerg_status = 1;
}
time++;
if(time > holding_time){
PORTB = OFF; // hazard lamp off
drive_status = 0;
}
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IV. Analysis on Characteristics for The
Proposed System
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Table 4. Comparison of characteristics according to the method of sudden braking recognition

Check point ecognition method ® using GPS @) usingsztra]r;i;:rle speed ©) usinieancszerleration
Sudden braking 0 0 0
Sudden turning A X 0
Sudden bouncing X X 0
Ease of installation 0 X 0
Unlimited use area X 0 0
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