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[Abstract]

In recent years, electric shock accidents due to electric leakage currents of household appliances such as computers, TVs,
refrigerators, and LED lights are continuously occurring in homes and industrial buildings. And it is not easy to check the leakage current
of each household appliances connected in parallel at the rear end of the module. In addition, the leakage current flowing through the
path of the normal current other than the existing current leakage circuit breakers are installed in the distribution box, only the function to
cut off the power when the leakage. Therefore, there are various disasters such as electric shock and fire caused by short circuit of
household appliances, and the risk of such leakage current is seriously presented. In this paper, we propose a method to implement a
leakage monitoring system that can be monitored at all times using Zigbee communication based on IEEE 80215.4, which has

advantages in low power and low cost among short range wireless communication systems.
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¥ 1. |EEE 802.15.4/ZigBee PHYHZ2| §&
Table 1. Characteristic of IEEE 802.15.4/ZigBee PHY layer.

Frequency band 868/915 MHz 2.4 GHz
) Chip Rate 300 @ 868 MHz
Spreading (keps) 600 @ 915 MHz 2000
Parameter .
Modulation BPSK 0-QPSK
Bit Rate 20 @ 868 MHz 250
(kbps) 40 @915 MHz
Data Symbol 20 @ 868 MHz 5
Parameter | pate (ksps) | 40 @915 MHz :
Symbol Binary 16-ary Orthogonal

MHz (9), 915 MHz (V] 5/3.5F) F3}= th e = A&} W

Z 2L A A2 A ~FER] (DS-SS)HA] o1, Hlo]
B H% 55 20~250 kbpso]Th

IEEE802.15.4/Zigbee PHY & 7|£2] F21 521 A 28l 2] PHY
ol )3} W& data rate = A& LR JFASE 122 o] Fo]z] 9l
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2ol 2]3]] 250 kbps2] A& 55 A58kl 868/915 MHzH &
BPSK W25l 23] ZH2) 20 kbps 2} 40 kbps BS54 22 A5
SHh4],[5].

3 2% [EEE 802.15.4/ZigBee RF S 7ARFS: YeRdt) gk
2 0 2 ZigBee system©]| 10me] T-AZ]o|A] F2FE Zl o2 o
Z5]7] wiizell 10 mA g oA 2] 7371 2F 70~80 dB Ato] A
dojub A ok webA marging 7S transmit powerE 0
dBmo. 2 A& 4= UTH6]. Sensitivity= 3371 Q1= el
2] 20 octets2] PSDU(PHY service data unit)ll thal 1%2] %]

o e &S WSk A 95 71F o R A gt

¥ 2. |EEE 802.15.4/ZigBee PHYHZ2| §&
Table 2. Characteristic of IEEE 802.15.4/ZigBee PHY layer.

Transmit Power 0dBm
Transmltt gﬁ}r;iicirequency +40 ppm
Receiver sensitivity -85dBm @ 2.4 GHz band

(PSDU length=200ctets,

PER<1%) -92dBm @ 868/915 MHz band

2.4 GHz: 5 MHz channel pacing,
0dB adjacent channel
requirement

915 MHz and 2.4 GHz band

: 0dB rejection of interference
from adjacent channel

: 30dB rejection of interference
from alternate channel

Receiver Selectivity

Channel Selectivity and
Blocking

Packet strength indication,
Clear channel assessment,
Dynamic channel selection

Rx Signal Strength
Indication Measurements




Channel & Noise Model

« AWGN
« Time Invariant

- FrequencyFlat

- Frequency Selective
« Time Variant

- FrequencyFlat

- Frequency Selective

annel Environments

+Indoor
+ Outdoor

+ Indoor to Outdoor(120)
+ Outdoor to Indoor(O21)
+ Low Speed Train
+ High Speed Train
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Fig. 1. Structure of IEEE 802.15.4/ZigBee PHY
communication system.
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Table 3. Type of electric leak breaker.

Rated
Division sensitivity Operating time
current
Within 0.1 second of rated
. sensitivity current,
spelitligt};pe Within 0.03 seconds of
human body protection
type
. Rated sensitivity current
Time
delay type ex‘ce‘eds 0.1 seconds and
. within 2 seconds
High
Sensitivit 5,10,15,30 Rated sensitivity current
y Type exceeds 0.2 seconds and
within 1 seconds,
Rated sensitivity Current
Inverse exceeding 0.1 second and
time type less than 0.5 second at
current of 1.4 times,
Rated sensitivity current
Within 4.4 times of current
and within 0.05
High Within 0.1 second of rated
Medium | speedtype | 50,100, sensitivity current
sensitivit . 200,500, Rated sensitivity current
Time
y type delay type 1000 exceeds 0.1 seconds and
within 2 seconds
High Within 0.1 second of rated
Low speed type | 3000,5000, | sensitivity current
sensitivit . 10000, Rated sensitivity current
Time
y type delay type 20000 exceeds 0.1 seconds and
within 2 seconds
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Fig. 2. Principle of electric leak breaker.
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Fig. 4. IEEE 802.15.4-based communication module.

E 4. MSP430 25 Al
Table 4. MSP430 Module Specification.

Division Item Explanation
1 Processor MSP430F1611
2 Internal Memory 10KB RAM,48KB
3 Operating System TinyOS, nesC
4 Program Download USB,JTEG
5 Power 3.0~5V
E 5. RF 25 A2k
Table 5. RF module specification.
Division Item Explanation
1 RF Chip TI Company CC2420
2 Multi-Channel radio 250Kbps
3 Network Multi-top and Ad hoc
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Table 6. Earth leakage break tester Specification.
MSN300

Test, Test,(Single phase three wire), Voltage wire
break, Ground wire break, Neutral wire break,
Voltage wire neutral wire change, Voltage wire
ground wire change

Model

Outlet connection
Confirmation
contents(7 things)

Automatic

110/220 V:5/10, 15/30, 35/70, 50/100 mA
380 V:10,30,100,200 mA
440 Vv:10,30,100,200 mA

Test method

Sensitivity current

Test time 0.3 sec
Accuracy 10~30 mA: 1 %, 30~200 mA 5 %
Operating 20-80C
temperature
Storage 40-90C
temperature
Humidity 20%~85 % RH

Exterior material | Impact resistance ABS
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Fig. 6. Leakage signal detection circuit.
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Table 7. Earth leakage breaker response time.

SEAIZE

Leakage current Response time

10 mA Inoperative
30 mA 0.3 sec
70 mA 0.3 sec
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Fig. 7. Leakage monitoring program.
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