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Abstract

The purpose of this study was to develop the national park visitor counting system using the ubiquitous
sensor network. This system is composed of a sensor node, sink node, gateways, CDMA module, server, and
clients. The results of the study were: 1) stable data transmission distance was possible within 100 meters
between sensor nodes, 2) the developed counting sensor system showed a network communication stability
level of 88.3 percent in 1.2m wide trails. When installed in concentrate use areas or forks of national parks,
the visitor counting system will not only contribute to provide reliable visitor counting, but also to improve
the quality of national park visitor service, to manage park facilities and natural resources more efficiently,
to achieve an information oriented national park system.
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Fig. 1. Total system formation.
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Table 1. Characteristics of counting sensor board

Characteristics

- ATmega 128 1. 8 MHz

- 4 KByte EEPROM

- 4 KByte internal SRAM

MPU - 8 bit Timer/Counter 2 EA

- External 16 bit Timer/Counter 2EA
- 8 bit PWM Channels

- Active Power DC 2.7-55 V

Internal 128 K Flash Memory, External 512
K Flash Memory

RF Power | 10 mW, 0 dBm

IEEE 802.15.4
Routing, ZigBee

Category

Memory

compatible, Multi-hop

Network
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Fig. 2. Developed counting sensor board and RF board.



80 0|58 - Atd - Wi¥l 7]

Table 2. Characteristics of RF board

Characteristics

Chipcon CC1010
300~1000 MHz UHF RF Transceive

Data rate up to 76.8 Kbps

- RSSI

8051-Compatible Microcontroller

32 KB Flash, 2048+128 Byte SRAM
3 Channel 10 bit ADC

4 Timer / 2 PWM

2 UART, RTC, Watchdog

SPI, 26 general 1/0 pin

RF Module

- 2.7~3.6 V supply voltage
64-lead TQFP

- Very Low current consumption (9.1 mA in RX)
Programmable output power up to +10 dBm

Fast PLL setting allowing frequency hopping protocols

- In~circuit interactive debugging is supported for the Keil uVision2 IDE through a simple serial interface

Helical ANT : 1500 Meter

Connector type : Male Reversed SMA
Frequency range : 433 MHz
Impedence : 50 Ohms nominal

Antenna

0 7 23 31
type l reserved Data length Node ID Add count data
Add count data Current count data ' time

time temperature
temperature humidity reserved
reserved | !

Fig. 3. Packet format.
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Table 3. Counting algorithm
// INT4, 5¢] Rising, Falling edge A
#deﬁne INT4R5R EICRB = (1 << ISC41) I (1 << ISC40) | (1 << ISC51) | (1 << ISC50)
EiEJE M;ﬂ &171 %g}
I A A%
unsigned long in_cnt = (;
ungisned long out cnt = 0
INT4RS5R,;
int_flagl = 0,
int_flag2 = 0;
while(1)
if(int_flagl) // A5 N57} Sole A(AY)
{
INT4F35R,;
int_flagl = 0;
while(1)
{
A8 g digle e = AL JAEHE A S wprol
§ AR AU AR AF HES B
if(int_flagl)
{
INT4R5R; int flagl = 0; break;
1f(mt flag?) // A AE(HA8] AU A4S
{
in_cntt++;
INT4R5R; int_flagl = 0; int_flag2 = 0;
break;
}
}
else if(int_flag2)
AP B9 w2 T3
}
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Fig. 4. Results of data send-receive ratio test according to
distance.

O CoustingliodeBesn Semsod ) Fonwasding Nede B Cuvg e > BHAR
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Fig. 6. Results of counting sensor reliability test according
to path width.
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