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[Abstract]

Solar lamp systems may not operate normally in the event of some system or controller failure due to
internal or external factors, in which case secondary problems occur, which may cost the system recovery.
Thus, when these errors occur, a technology is needed to recover to the state it was in before the failure
occurred and to enable re-execution. This paper designs and implements a system that can recover the state
of the system to the state prior to the time of the error by using the Watchdog Timer within the controller
if a software error has occurred inside the system, and it also proposes a technology to reset and
re-execution the system through a separate reset circuit in the event of hardware failure. The proposed
system provides stable operation, maintenance cost reduction and reliability of the solar lamp system by
enabling the system to operate semi-permanently without external support by utilizing the automatic
recovery and automatic reset function for errors that occur in the operation of the solar lamp system. In
addition, it can be applied to maintain the system's constancy by utilizing the self-operation, diagnosis and

recovery functions required in various high reliability applications.

» Key words: Solar lamp system, Controller, Remote monitoring, Error recovery, Reset algorithm

2 <f

B S A&E Yo A AZESJo] Q{7 BASIS A5 AEEY ¢ Watchdog Timer
& o]&sto] A2ElY AHE o WA old HHE Hashe AAglS AA F-Esta, o
= o]

= 7lEs AlRkE A
o

d7HeR 4% ¥
Fatnl, 3 AFY SERpIA 2THE A

» ZHOL: B 7125 AL, TEER

« First Author: Yon-Sik Lee, Corresponding Author: Yon-Sik Lee
*Yon-Sik Lee (yslee@kunsan.ac.kr), School of Computer Information and Communication Engineering, Kunsan
National University
* Received: 2019. 10. 11, Revised: 2019. 12. 04, Accepted: 2019. 12. 05.

Copyright © 2020 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



90 Journal of The Korea Society of Computer and Information

I. Introduction
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II. Operational Information Store and
Error Automatic Recovery Algorithm
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Fig. 1. Configurations of the controller in the solar lamp system
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Table 1. Storage structure of EEPROM data memory
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Algorithm 1: Data Store
// Initialization of EEPROM address for data store

#define CTIME_ADR 0x000
#define DATE_ADR 0x004
#define DDATA_ADR 0x006
#define SAVE_ADR 0x012
#define MDATA_ADR 0x014
#define MAX_MDATA_ADR 0xD93

// Initialization of parameters for data store
#define SAVE_DAY 3
#define SAVE_TIME
#define SAVE_ITEM
#define SAVE_PERIOD
#define PRINT_SIZE
#define DAY_IDX
#define MOON_IDX
#define NULL_IDX
#define TIME_IDX
// Day/Night time store function
void dayMoonTime_Save(void)
{ char dayOrMoon = DETECT_Get_isDayOrMoon():
eeprom_read_block((void *)dayMoon,

(const void *) dayAddress, sizeof(dayMoon)):
if(dayOrMoon == DAY) dayMoon[DAY]++;
else dayMoon[MOON]++;
eeprom_update_block((const void *)dayMoon,

(void *)dayAddress, sizeof(dayMoon)); }

// Measured data store function
void dataSet_Save(void) {
int i, j;
int totalDataSet[SAVE_ITEM] = {0,};
int averageDataSet[SAVE_ITEM] = {0,};
dataSet[saveTime][PV_VAD] = ADC_Get(PV_VAD);
dataSet[saveTime][PV_IAD] = ADC_Get(PV_IAD):
dataSet[saveTime][BV_VADO] = ADC_Get(BV_VADO);
dataSet[saveTime][BV_VAD1] = ADC_Get(BV_VAD1);
]
]

o

~N O~y ON00 — O =

dataSet[saveTime][BV_IAD] = ADC_Get(BV_IAD);
dataSet[saveTime][TP_IC] = ADC_Get(TP_IC):
saveTime++;
timeCount++;
eeprom_update_dword((uint32_t =)
CTIME_ADR, timeCount);

if(saveTime >= SAVE_TIME) {

for(i = 0; i < SAVE_ITEM; i++) {
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for(j = 0; j < SAVE_TIME; j++) {
totalDataSet[i] += dataSet[j][i]; }

averageDataSet[i] = totalDataSet[i] / SAVE_TIME; }

eeprom_update_block((const void *)averageDataSet,
(void *)saveAddress, eof(averageDataSet)):

saveAddress += sizeof(dataSet);
if(saveAddress >= MAX_MDATA_ADR)
saveAddress = MDATA_ADR;
saveTime = 0;
for(i = 0; i < SAVE_ITEM; i++) {

for(j = 0; j < SAVE_TIME; j++)

dataSet[j][i] = 0;

totalDataSet[i] = 0

averageDataSet[i] = 0: } } }
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EEPROM Data Map

EEPROM Dara Unit Data Size

EEPROM Address Contents

0000 ~ 0x003 Opeating Time % Mirute Bpe

0004 ~ %005 Daylight T e Next Address 0006 Fexadecimal 2Bpe

0006 ~ 0x007 Day 1 Daylight Time 0 Mirute 2Bpe

0008 ~ Dx(09 Day 1 Night Time % Mirute Brte

GX00A ~ 0x00B Day 2 Daylight Time 0 Mirute 2Bpe

0xD0C ~ DxC0D Day 2 Night Time 0 Nirute Bpte

0X0DE ~ DxCOF Day 3 Daylight Time 0 Mirute 2Bpe

@010 ~ Ox011 Day 3 Night Time 0 Mirute 2Bpe

0012 ~ 0x013 Mezsure Cata Next Acdress 0x080 Fexadecimal 2Bpe

0014 ~ DD93, Measure Datz See the next table - 3 4568yte

Address ALYV P BATLV(Y) EAT2.V0Y)
0x014 14 20 18 18
o020 14 20 18 18
ox02C 14 20 18 18

Discharge_4) Temp(Q)
13 27
1 242
1 218
ox038 14 20 1ns 18 1 250
ox0e4 14 20 18 18 13 252
0030 14 20 1s 18 1
0x05C 14 20 18 18 1
ox06e 14 20 1ns 18 1
ox074 14 20 18 18 13 255
0x080 00 20 0 0.0 [ o0
Ox0SC 00 20 09 0.0 00 00
0x008 00 20 0 0.0 00 0o
Ox0A4 00 20 0 00 oo 0o
0x0B0 00 20 0 00 oo 0o
Ox0BC 00 20 0 00 00 00

Fig. 2. Monitoring data stored in the EEPROM of

micro—controller
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2. Error automatic recovery algorithm
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Algorithm 2: Automatic Error Recovery
// Stored data recovery function
void HISTORY_Init(void)
{ NoWait_ByMin_T2(&savePeriod, 0);
eeprom_busy_wait():
timeCount =
eeprom_read_dword((uint32_t*)CTIME_ADR):
if(timeCount = 0) {
dayAddress =
eeprom_read_word((uint16_t*)DATE_ADR);
saveAddress =
eeprom_read_word((uint16_t*)SAVE_ADR):
} else {
dayAddress = DATE_ADR:
saveAddress = SAVE_ADR; } 1}
// Stored data output function
(transfer to the monitoring program)
void HISTORY_Print(void)
{ uint16_t t_dayAddress, t_saveAddress;
uint32_t t_timeCount;
eeprom_busy_wait():
t_timeCount =
eeprom_read_dword((uint32_t*)CTIME_ADR):
eeprom_busy_wait():
t_dayAddress =
eeprom_read_word((uint16_t*)DATE_ADR);
eeprom_busy_wait():
t_saveAddress =
eeprom_read_word((uint16_t*)SAVE_ADR):
tx_EVENT_INFO(SND_TIMECOUNT, (int *)
&t_timeCount, sizeof(t_timeCount));
_delay_ms(100):
print_DayMoon(t_dayAddress);
print_DataSet(t_saveAddress), }
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0x006 ~ 0x007 Day 1 Daylight Time 500 Minute 2byte
0x008 ~ 0009 Day 1 Night Time a7 Minute 2byte
0x00A ~ 0x00B Day 2 Daylight Time 0 Minute 2bye
0300C ~0%00D Day 2 Night Time 0 Minute 28yte
0xQ0E ~ 0xQ0F Day 3 Daylight Tim 0 Minute 2byte
0x010 ~ 0x011 Day 3 Night Time 0 Minute 2yte
0x012 ~ 0x013 Measure Data Nex: Address 0314 Hexadecimal 2byte

Fig. 3. EEPROM data before the error occurred
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0300C ~ 0%00D Day 2 Night Time 0 Minute 28yte
0x00E ~ 0x00F Day 3 Daylight Time 0 Minute 2byte
0x010 ~ 0x011 Day 3 Night Time 0 Minute 2yte
0x012 ~ 0x013 Measure Data Next Address 0x314 Hexadecimal 2byte

Fig. 4. EEPROM data after system reset

ITII. System Automatic Reset Algorithm

1. Design of automatic reset circuit and its
algorithm
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Fig. 5. Timing diagram of the Watchdog reset operation
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Fig. 6. Timing diagram of the Reset IC

Fig. 7. Automatic and manual reset circuit diagrams
using Reset IC
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Algorithm 3: Automatic Reset
static int is_wdr:
// Signal transmission to WDI pin and Watchdog timer
reset inhibit function
void run_ResetIC(void)
{ if(NoWait_By2ms(&is_wdr, 250)) {
PORTG |= 0x10:
asm(“wdr”);
NoWait_By2ms(&is_wdr, 0); } }
int main(void)
{
// System initialization
DETECT_RESET():
cli():
CFG_init():
NoWait_By2ms(&is_wdr, 0):/
TIMERO_init():
TIMER1_Init();
TIMER2_init():
TIMER3_Init();
USART_init();
ADC_Init()
sei();
PORTC = 0B00000011;
ACTIVE_Func = IdelFunc;
Check_SystemIO():
PORTC =

PARAM_Init();

DIMMING_Set_UserMode();

DETECT_Init():

HISTORY_Init();

_delay_ms(100):

// System operation

for(::) {
run_ResetIC();
ADC_preCalculate():
PARSER_SndMeasureValue():
DETECT_DayMoon():
ACTIVE_Func();
HISTORY_Save():
do_Sensing_LED()
do_ModeTest(KEY_IsKeyPress()); / }

return 0; }
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2. Experiment of automatic reset operation
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Fig. 9. Reset output waveform by Reset IC
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IV. Conclusion
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