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⁯᾿ ” ΅ ₀ ΅᾿ ’ ” Ό ‗’⁴῀‴‍᾿ ‚ —ῼ
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₀ ῴ⁴‗ ℮╒₿” „ ‗’‒―ῼ⁴  ͂
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” ‗ ₀≥₈⌂₿ₐ√‖  ᾿ ” ℮╒₿₀ ‚ ║

 ⁴₮₰Ω√” ‖Ῥ⁴῀ 

 ” ” ‚⁭‒―᾿ ” ’℮╒₿ ║ ⌐∂⌂⁭⁯ ᾿ ‗

” ΅℮╒₿ Ό ‗’⁴῀ 

 ” „ ₲└₿╒ JACIC ” ‗ ― 2003 ‗ 2005

‚ Ό ‒‍Ή ₀  ‍ ℮╒₿” ║

‚  ⁴ 1)ῌ Ή̓ ‗ῌר   ῷ⁭•Ή ‚ῷ῾⁴

IT ₀  ‍ ₮₰Ω√‚  ⁴ ‚  ⁴ 2)ῌ Ή̓

‗ῌש   Ό ‗’‒―΅⁴῀ ‖„᾿ ₀ ΅― ”

‖  ―΅⁴ ” ₀  ⁴ ₮₰Ω√ ῷ⁭•

” ₀  ⁴ ₮₰Ω√ ” ₀  ‍῀ 

‖„ ⁵⁮”₮₰Ω√” ‚ ῾᾿ ₀  ‍ ⁭⁯  ‍

₀  ⁴‗ ‚᾿℮╒₿ ‗ ₀  ⁴₮₰Ω√” ₀ ‹‍῀

’ῷ᾿ ” ₀ ‴ῴ‍ ₀ ‚ ῲ‍‼᾿ ” ῷ⁭• ₴↔⅍ₒₓ

₈” ‚  ―„ ‖Ῥ⁴╦⅍₈№₦‗ ₀  ‍῀ 

 



 

2 

 

 ”  

‖„ ‚ ‮‍ •⁭ῷר ”ש ₀ ᾿‮ ‚  ⁴
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 ” ₀  ⁴₮₰Ω√” ר  

Ό ” ‚ῷ῾⁴ ℮╒₿”  

Ό ” ” ‚  ⁵―΅⁴ „᾿ ’ Ό ⁸⁵‍ ‚

‗’⁴ ⁞ ” ₀  ‍ ᾿ ⁞₪└₦≥╒⅍ ” ᾿↕

⌂ⅎ╒₭╒᾿₦⌐╒└ ” ” ”͊ ’ ͋₀  ‍‾”‗ ―

῾⁮⁵―΅⁴῀ 

 ” „ ‚ ” ₀  ―  ‍‾”‖„’ῼ᾿ „

Ὸ⁮ ‍℮╒₿₀ ΅―  ―΅⁴῀ „‖ר

‚  ― ℮╒₿” ‚–΅―↑₈≥└₧₀ ‒‍῀​” ᾿

” ‗ ‚ —΅―΅⁴‗” ₀ ‍῀ 

”Ή ║ ║ ῌ” ῷ⁭•Ή 3

ῌ”  

” ” ῷ⁭•  

 ’ῷ᾿ ”ש ‖‾ ” ║ ₀ ‒―΅⁴

‚  ― ”↑₈≥└₧Ό ⁸⁵‍῀ ‖„  ⁵‍ 100 ” ‚ ┤ ‚

₀  ᾿ Ὸ⁮ΉA ₀ ῲ‚„ X ₀  ―΅⁴ῌ’‘‗΅‒‍

” Ὼ ⁯₀ ΅᾿℮╒₿ ‚ —΅― 3 ‚ 1 ” ‖ ” ║

Ό ⁸⁵―΅⁴‗΅ῲ ‗‖Ῥ‒‍῀ 

 ⁵⁮” Ὸ⁮  ⁴‗ ‖  ‍ ℮╒₿‚ —Ὼ ₀  

―΅⁴‗„ ῴ ΅῀ ” ₀ ‼⁴‚„᾿ ‚⁭⁴ ‚ῷ῾⁴

℮╒₿” Ό ‗’‒―ῼ⁴  ͂

℮╒₿” ║ ₮₰Ω√”  

‚„ ᾿ ᾿ ” ΌῬ⁴Ό᾿​”ῲ‏ ͊ ͋‚  ⁴

℮╒₿” ║ ₮₰Ω√” ₀ ₰Ω№↨‗ ―  ⁴ ‗‗ ‍῀’

ῷ᾿ ℮╒₿” ║ ₮₰Ω√” „ ” ⁯‗ ‍῀  

1) ” ₀  ⁴‍‼‚‘⁵‎῾” Ό  ⁵‍Ὸ₀    ̓⁵₀

℮╒₿‗ ⁴῀͊  ⁵‍ ” ͋‚  ⁴ „ ש ‖”

‗ ‍῀  

2) ℮╒₿” ║ „ ᾿ ᾿ ᾿ ᾿

᾿ ᾿ ᾿ ᾿10 ”℮╒₿‴‖‗ ᾿ ῃ” ”

„ ’⁸’΅῀  

3) ‚ ” ₀   ᾿ ” Ὼ₀≥₈⌂₿ₐ√‖

‚ ⁴῀  ‍ ℮╒₿„᾿ ‚  ‍ ‚  ⁵᾿

‗ ―₈ₒ⅍↨№⅍‖Ὼ⁴⁭ῲ‚ ⁴῀  



 

3 

 

↨⌠₯ₓ₦⅍‖” „᾿  

”ῃ  ר Ό᾿  

⁮Ὸ  ש ‴‖᾿  

”‘  ת ( =  ‖)₀᾿  

’⁭ῲ”‘  װ ‖  

‚  ‍Ὸ₀  ’῾⁵‟’⁮’΅῀ ‍Ό‒―᾿ ” 4 ”℮╒₿₀ Ὸ

– ‚ ║  ⁴ Ό ‗’⁴῀ ᾿„‖ר  1 Ὸ⁮  3 ‴

‖”℮╒₿₀ ║  ⁴₮₰Ω√” ₀  ᾿ 4 ‚–΅―„᾿ ‖ש

 ⁴ ‗ ‍῀  

RFID₀ ΅‍ ℮╒₿” ║ ₮₰Ω√”  

- 2.1 ‚ ‖ר ΅‍ ” ᾿ - 2.2 ‚ ⁵⁮” ₀ ΅‍ ℮╒

₿ ║ ₮₰Ω√” ₀  ῀  

RFID„‖ר Radio Frequency Identification ₀  ‍₮₰Ω√ ₀ ‒

‍῀ ”₮₰Ω√„ ” ” ℮╒₿₀  ⁴‾”‖Ῥ⁯᾿ ”⁭ῲ’

‗’‒―΅⁴῀ 

║ ₈└Ω⅓‗≥╒⃰╒₀ ” ’ ‚  ⁴ 

║ ‚ ₿₧ ₀  ⁴₈₦Ω₉↕₿ₐ↨ ₀  ⁴ 

║ ‚  ‍ ₿₧Ὸ⁮ Ό  ⁵᾿≥╒⃰╒Ό  ⁴ 

║ ₿₧‗≥╒⃰╒” „ ≥̓╒⃰╒‚  ⁵‍₈└Ω⅓Ὸ⁮ LAN₀  

― PC‭  ⁵⁴ 

║ PC ‖ ₿₧‗≥╒⃰╒” ₀ ℮╒₿‗ ―  ⁴ 
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 ῲ ―  ‍ ℮╒₿ ║ ₮₰Ω√” ₀₧≤ₒ└ⅎ ”
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₀ ‗ ‍ ₀ ῲ‍‼‚ ’ ” ‗  

”₮₰Ω√„᾿ Ό‘” ‚‘” ⁸‒―΅‍Ὸ₀  ᾿
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—ῼ Ό ‖Ὼ⁴῀ ῲ ― ⁮⁵‍ ₀ ‖  ⁴ ‗‖

℮╒₿‚ —ῼ ” Ό ‗’⁴῀ 

‖᾿ ” ℮╒₿‗„᾿ ’ ⁞ ‚  ―΅’΅

” ₀  ‍‾”‖Ῥ⁯᾿ Ό‘”⁭ῲ’ ‖ ‚ ⁸‒―΅‍Ὸ₀
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⁭• ” ‗’⁴Ό᾿ ”​„―΅ῷ‚ר ” ‗ ― ‗
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‹⁮⁵‍῀ ῴ‟᾿ ‚ ‚  ⁴ ₀ ’‒―΅‍Ὸ᾿ ₀ ⁸⁴

‍‼‚  ―΅‍Ὸ᾿ ⁞ ₀ ₁‖΅‍Ὸ  ̓ ⁞ ₀ › ₀ ’‒
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Ῥ⁴῀ - 2.1 „​” ₀  ‍‾”‖Ῥ⁴῀ 

 

 

  

 

 

 

 

 

 

 

 

- 2.1  ” ‗ 3) 

 

Support

Delay

Construction site

Site Office

Worker No.1

Area A Area B

Area C Area D

Antenna& 

Reader A 

Antenna& 

Reader B 

Antenna& 

Reader C 

Antenna& 

Reader D 

Wireless Connection

Worker No.1

Area B

- 2.2 ῷ῾⁴‚ר  ℮╒₿ ║ ₮₰Ω√”  



 

5 

 

” ‗ ” ‹ ⁸ ‚⁭⁴ ”  

ῷ΅―᾿RFID₀‚ר ΅― ⁮⁵‍ ” ‗᾿ ₲└€╒₀ ΅
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 ‚  ⁴ ” —῾ 

•⁭ῷר ”ש ‗ ―᾿RFID‚⁭⁯ ⁮⁵‍ ‗ ᾿

ῷ⁭• ₲└€╒Ὸ⁮ ⁮⁵‍ ₀  ᾿ ‚  ⁴₮₰Ω√

” „  ⁵―΅⁴῀ Ὸ ’Ό⁮ ”₮₰Ω√‚„ ” Ό  ⁵―΅⁴῀ 

║ Ὼ’ RFID₈└Ω⅓₀ ‚  ⁴ ΌῬ⁴ 

║ RFID‗ ₲└€╒Ὸ⁮ ⁮⁵‍℮╒₿Ὸ⁮ ” ₀ ῲ ‚ ‚

⁭⁴ ₀ ‗ ⁴ Ό  ⁵―΅⁴ 

 ‍Ό‒―᾿ ‖„RFID‚ ⁸⁯᾿ Ό ₁‖Ὼ‍ ‖Ῥ⁴ZigBee

₀ ΅‍ ₮₰Ω√” ₀ ῲ ‗‗ ‍῀ ⁮‚᾿ ‚ῷ῾⁴℮╒₿

║ ₀ ΅᾿ZigBee Ὸ⁮ ⁮⁵‍ ║ ║ ‗

₲└€╒Ὸ⁮ ⁮⁵‍ ₀ ‚ ᾿‮ 

”ῃ  ר Ό᾿  

⁮Ὸ  ש ‴‖᾿  

”‘  ת ( =  ‖)₀᾿  

’⁭ῲ”‘  װ ‖ 
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℮╒₿ ║ ₮₰Ω√”  

 ZigBee₀ ΅‍ ₮₰Ω√”  

ZigBee” 4) 

 ZigBee‗„ ⅜№⅍─╒₦” ” –‖Ῥ⁯᾿ ”Ῥ⁴

║ ₪₰⅍” ‗ ― 2001 Ὸ⁮ ZigBee Alliance ‚― Ό ‼⁮⁵―΅‍‾

”‖Ῥ⁴῀ ”⁭ῲ‚₯₧₭₧‗ ₀  –– ₀ ῴ⁴ ‗Ό​” ”

‗’‒―΅⁴῀ ” ₀ ῴ⁴ ‗‚⁭⁯᾿₈⌂₢≥ 3 2 ‖ ┤ Ὸ

⁮ 2 ” ‗΅ῲ ₀  ‍ ” ‖Ῥ⁴῀ZigBee „ PAN

Personal Area Network ‚  ⁵᾿ - 3.1 ‚  ⁭ῲ’ ’⅜№⅍─╒₦ ₀

€−╒⅍ ⁴”Ό ‖Ῥ⁴῀ 

‴‍ „ 250Kbps‗ Bluetooth 1Mbps ⁞ UWBUltra  Wide Band: Mbps

‚ ⁞⁞―‮ ⁴‾””᾿ ‖Ῥ⁴ Ό Ὼ’ ‖Ῥ⁯᾿ ₪₰⅍‖” Ό

’‍‼ ῃ’ ‖” Ό  ⁵―΅⁴῀ 

‖  ⁴ ₮₰Ω√‚ῷ΅― ZigBee ₀  ⁴ ‗‗ ‍”„

’⅜№⅍─╒₦ ” Ό ‖Ῥ⁴ ‗‗ ᾿ῷ⁭• Ό ‖Ῥ⁴ ‗‚

⁭⁴‾”‖Ῥ⁴῀ 
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ZigBee Coordinator ר ZC ⅜№⅍─╒₦” ₀ ῲ ῀⅜№⅍─╒₦‚

–‎῾  ⁴ 

ZigBee Router ש ZR ℮╒₿” ₀ ῲ  

ZigBee End Device ת ZED ℮╒₿” ₀ ‍’΅  

 ⁵⁮” „ ‚ ‮‍ ⁯ ’⅜№⅍─╒₦₀ ‖Ὼ⁴῀ - 3.2 „ Worker No.1

‚ ZED₀  ‍ ” ” ₀  ‾”‖Ῥ⁴῀ „ ‚ ‾ Ό ΅

” ” ΅ ‗ ‚ ₀ ῲ῀ ” ₀  ⁴ ‗‚

 

- 3. 1 ZigBee Ό€−╒⅍ ⁴ ’⅜№⅍─╒₦  
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⁭‒―᾿ ” ₀  ⁴ ‗Ό‖Ὼ⁴῀ ᾿ - 3.3 „ ΌῬ⁴‍‼‚

‖” Ό‖Ὼ’΅ ₀  ‍‾”‖Ῥ⁴῀ ῲ΅‒‍ „ ₀  ⁴

‚Ῥ⁴ ZRΌ ₀ ‚  ⁴‍‼᾿ Ό ΅ ‗ ‚ ” ₀

 ⁴ ‗Ό‖Ὼ⁴῀ 
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13:30 13:31 13:32 13:33 13:34 13:35 13:36 13:37 13:38 13:39 13:40 13:41 13:42 13:43 13:44 13:45 13:46 13:47 13:48 13:49 13:50 13:51 13:52 13:53 13:54 13:55 13:56 13:57 13:58 13:59 14:00 14:01 14:02 14:03 14:04 14:05 14:06 14:07 14:08 14:09 14:10 14:11 14:12 14:13 14:14 14:15 14:16 14:17 14:18 14:19 14:20 14:21 14:22 14:23 14:24 14:25 14:26 14:27 14:28 14:29 14:30 14:31 14:32 14:33 14:34 14:35 14:36 14:37 14:38 14:39 14:40 14:41 14:42 14:43 14:44 14:45 14:46 14:47 14:48 14:49 14:50 14:51 14:52 14:53 14:54 14:55 14:56 14:57 14:58 14:59 15:00 15:01 15:02 15:03 15:04 15:05 15:06 15:07 15:08 15:09 15:10 15:11 15:12 15:13 15:14 15:15 15:16 15:17 15:18 15:19 15:20 15:21 15:22 15:23 15:24 15:25 15:26 15:27 15:28 15:29 15:30 15:31 15:32 15:33 15:34 15:35 15:36 15:37 15:38 15:39 15:40 15:41 15:42 15:43 15:44 15:45 15:46 15:47 15:48 15:49 15:50 15:51 15:52 15:53 15:54 15:55 15:56 15:57 15:58 15:59 16:00 16:01 16:02 16:03 16:04 16:05 16:06 16:07 16:08 16:09 16:10 16:11 16:12 16:13 16:14 16:15 16:16 16:17 16:18 16:19 16:20 16:21 16:22 16:23 16:24 16:25 16:26 16:27 16:28 16:29 16:30 16:31 16:32 16:33 16:34 16:35 16:36 16:37 16:38 16:39 16:40 16:41 16:42 16:43 16:44 16:45 16:46 16:47 16:48 16:49 16:50 16:51 16:52 16:53 16:54 16:55 16:56 16:57 16:58 16:59

35 44 44 44 44 44 47 35 44 44 35 44 44 44 47 44 44 44 35 35 44 35 35 44 44 44 44 44 44 44 35 47 47 48 44 44 44 35 47 44 35 44 44 47 44 35 47 44 47 47 35 47 47 35 47 47 47 44 35 35 35 48 44 35 35 35 35 35 44 47 35 47 44 48 44 47 44 44 44 35 47 44 47 44 35 47 47 47 35 35 47 48 35 35 47 44 35 47 35 47 44 47 47 48 47 47 48 47 48 35 47 47 44 47 35 35 47 47 48 44 47 44
44 48 47 47 44 35 35 35 35 44 44 35 35 35 35 35 35 35 44 44 35 47 47 35 35 35 44 44 44 44 44 44 44 35 35 35 44 44 44 44 35 35 47 47 47 47 35 35 35 35 48 48 47 44 44 44 44 44 44 44 44 44 44 44 44 44 47 47 44 44 44 44 44 44 44 44 44 47 47-35 44 44 44 44 47 47 44-47 44 44 44 44 44 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 44-47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47

ZigBee

13:30 13:31 13:32 13:33 13:34 13:35 13:36 13:37 13:38 13:39 13:40 13:41 13:42 13:43 13:44 13:45 13:46 13:47 13:48 13:49 13:50 13:51 13:52 13:53 13:54 13:55 13:56 13:57 13:58 13:59 14:00 14:01 14:02 14:03 14:04 14:05 14:06 14:07 14:08 14:09 14:10 14:11 14:12 14:13 14:14 14:15 14:16 14:17 14:18 14:19 14:20 14:21 14:22 14:23 14:24 14:25 14:26 14:27 14:28 14:29 14:30 14:31 14:32 14:33 14:34 14:35 14:36 14:37 14:38 14:39 14:40 14:41 14:42 14:43 14:44 14:45 14:46 14:47 14:48 14:49 14:50 14:51 14:52 14:53 14:54 14:55 14:56 14:57 14:58 14:59 15:00 15:01 15:02 15:03 15:04 15:05 15:06 15:07 15:08 15:09 15:10 15:11 15:12 15:13 15:14 15:15 15:16 15:17 15:18 15:19 15:20 15:21 15:22 15:23 15:24 15:25 15:26 15:27 15:28 15:29 15:30 15:31 15:32 15:33 15:34 15:35 15:36 15:37 15:38 15:39 15:40 15:41 15:42 15:43 15:44 15:45 15:46 15:47 15:48 15:49 15:50 15:51 15:52 15:53 15:54 15:55 15:56 15:57 15:58 15:59 16:00 16:01 16:02 16:03 16:04 16:05 16:06 16:07 16:08 16:09 16:10 16:11 16:12 16:13 16:14 16:15 16:16 16:17 16:18 16:19 16:20 16:21 16:22 16:23 16:24 16:25 16:26 16:27 16:28 16:29 16:30 16:31 16:32 16:33 16:34 16:35 16:36 16:37 16:38 16:39 16:40 16:41 16:42 16:43 16:44 16:45 16:46 16:47 16:48 16:49 16:50 16:51 16:52 16:53 16:54 16:55 16:56 16:57 16:58 16:59

35 44 44 44 44 44 47 35 44 44 35 44 44 44 47 44 44 44 35 35 44 35 35 44 44 44 44 44 44 44 35 47 47 48 44 44 44 35 47 44 35 44 44 47 44 35 47 44 47 47 35 47 47 35 47 47 47 44 35 35 35 48 44 35 35 35 35 35 44 47 35 47 44 48 44 47 44 44 44 35 47 44 47 44 35 47 47 47 35 35 47 48 35 35 47 44 35 47 35 47 44 47 47 48 47 47 48 47 48 35 47 47 44 47 35 35 47 47 48 44 47 44
44 48 47 47 44 35 35 35 35 44 44 35 35 35 35 35 35 35 44 44 35 47 47 35 35 35 44 44 44 44 44 44 44 35 35 35 44 44 44 44 35 35 47 47 47 47 35 35 35 35 48 48 47 44 44 44 44 44 44 44 44 44 44 44 44 44 47 47 44 44 44 44 44 44 44 44 44 47 47-35 44 44 44 44 47 47 44-47 44 44 44 44 44 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 44-47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47 47
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 ↨⌠⅍₿ₐ↨”  

‖ ᾿⁯ῷ‗‍‮ „‖ש - 2.2 ” ‚⁭‒―᾿ ₲└€╒‗RFID

Ὸ⁮ ⁮⁵⁴ ₀  ― ₀  ⁴ Ό  ⁵―΅⁴῀

‖„ ⁵⁮” ₀ ‗ ᾿ ⁮‚ ║ ’ ‗ ― - 3.17 ” ₀

 ‍῀ ‚​” ‚–΅― ῀⁴‮ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1

G- sensor ZigBee

Wave

Pattern

Acceleration

Velocity

Area Time Job

Description

1.Direct Work

1.Direct Work

2.Support

2.1.Read Plans/Instruction

2.2.Travel

2.3.Transportation

2.4.Tools/Materials

3.Delay

3.1.Late Start/Early Quit 

3.2.Waiting

3.3.Personal

3.4.Break

G- sensor ZigBee

Wave

Pattern

Acceleration

Velocity

Area Time Job

Description

1.Direct Work

1.Direct Work

2.Support

2.1.Read Plans/Instruction

2.2.Travel

2.3.Transportation

2.4.Tools/Materials

3.Delay

3.1.Late Start/Early Quit 

3.2.Waiting

3.3.Personal

3.4.Break

Activity 

Structure

Tools

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

No 

Acceleration

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

No 

Acceleration

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

Acceleration

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

Acceleration

RandomRandom

RegularRegular

Work 

Area

Work 

Area

Work 

Area

Material 

yard

Material 

yard

Out of 

Work Area

Out of 

Work Area

Working 

Time

Working 

Time

Break 

Time

Break 

Time

- 3.17 ‖  ‍ ” ↨⌠⅍₿ₐ↨ 

 

14:48
-14:54

14:54
-15:00

15:00
-15:06

15:06
-15:12

15:12
-15:18

15:18
-15:24

15:18
-15:24

Working Area Out of Working Area

Scaffolding Break

14:48
-14:54

14:54
-15:00

15:00
-15:06

15:06
-15:12

15:12
-15:18

15:18
-15:24

15:18
-15:24

Working Area Out of Working Area

Scaffolding Break

Time

Area
(ZigBee)

Work 
Sampling

Time

Area
(ZigBee)

Work 
Sampling

Acceleration
(G-Sensor)

X-Axis

Y-Axis

Z-Axis

Acceleration
(G-Sensor)

X-Axis

Y-Axis

Z-Axis

1
5
:0

0

1
5
:2

0

Break

1
5
:2

2

Late Start

- 3.16 14 48 15 24‴‖” ‗ ║ ║  

- 3.15 ”  
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 ͊3. Delay͋” ‗  

- 3.17(1) ‚  ‗ῷ⁯᾿ Ό‰′₳⌠” „ ͊3 Delay͋‗ ― ‖

Ὼ⁴῀ ᾿ ” ” ‖Ῥ⁴ ” ‚–΅― ῀⁴‮ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1)͊3 4 Break͋”  

 ͊3 4 Break͋„᾿ ‼ Ό ‼⁮⁵―΅⁴ ‗Ὸ⁮ ℮╒₿₀ ‗ ―

‖Ὼ⁴῀ ’⁸‏᾿ 

‼ ר ‼⁮⁵‍ ‚ 

 ‖⌠₳Ό ש

” ת ῴ‟ ⁞ ⅍ₐ⌐’‘ ‚΅⁴ 

‗΅‒‍ ‚͊3 4 Break͋‗ ‖Ὼ⁴ ‗‗’⁴῀ 

2)  ͊3 2Waiting͋”  

 ͊3 2Waiting͋„ ‚ ‖ – ‗‚’⁴‗ ῴ⁮⁵⁴ ‗Ὸ⁮

‗” ‹ ⁸ ₀ ‗ ― ‖Ὼ⁴‗ ῴ⁮⁵⁴῀ ’⁸‏᾿ 

 ‚ ר

 ‖⌠₳Ό ש

” ת ΅⁴ 

‗΅‒‍ ‚͊3 2Waiting͋‗ ‖Ὼ⁴ ‗‗’⁴῀ 

3)  ͊3 3Personal͋”  

 ͊3 3Personal͋„⅍ₐ⌐ Ό ῴ⁮⁵ ‗” ‹ ⁸ ₀ ‗ ― ‖

Ὼ⁴‗ ῴ⁮⁵⁴῀ ’⁸‏᾿ 

 ‚ ר

 ‖⌠₳Ό ש

” ת ῴ‟ ⁞ ⅍ₐ⌐’‘ ‚΅⁴ 

4)  ͊3 1Late Start/Early Quit ͋”  

 

1

G- sensor ZigBee

Wave

Pattern

Acceleration

Velocity

Area Time Job

Description

1.Direct Work

1.Direct Work

2.Support

2.1.Read Plans/Instruction

2.2.Travel

2.3.Transportation

2.4.Tools/Materials

3.Delay

3.1.Late Start/Early Quit 

3.2.Waiting

3.3.Personal

3.4.Break

G- sensor ZigBee

Wave

Pattern

Acceleration

Velocity

Area Time Job

Description

1.Direct Work

1.Direct Work

2.Support

2.1.Read Plans/Instruction

2.2.Travel

2.3.Transportation

2.4.Tools/Materials

3.Delay

3.1.Late Start/Early Quit 

3.2.Waiting

3.3.Personal

3.4.Break

Activity 

Structure

Tools

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

No 

Acceleration

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

No 

Acceleration

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

Acceleration

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

Acceleration

RandomRandom

RegularRegular

Work 

Area

Work 

Area

Work 

Area

Material 

yard

Material 

yard

Out of 

Work Area

Out of 

Work Area

Working 

Time

Working 

Time

Break 

Time

Break 

Time

- 3.17(1)  ‚ῷ῾⁴͊3.Delay͋”  
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 ͊3 1Late Start/Early Quit ͋„ ͊3 3Personal͋‗‰′   ‗’⁴Ό᾿

℮╒₿Ὸ⁮ ‖Ὼ⁴῀ 

 ᾿‏⁸’ 

‼ ר ‼⁮⁵‍ ” ║ ‚ 

 ‖⌠₳Ό ש

” ת ῴ‟ ⁞ ⅍ₐ⌐’‘ ‚΅⁴ 

‗΅‒‍ ‚͊3 1Late Start/Early Quit ͋‗ ‖Ὼ⁴ ‗‗’⁴῀ 

 

 ͊1. Direct Work ͋ •͊2. Support͋” ‗  

- 3.17(2) ‚  ‗ῷ⁯᾿ Ό₳⌠‖’΅ „ ͊1.Direct Work ͋Ῥ⁴΅

„͊2.Support͋‗ ― ‖Ὼ⁴῀ ᾿ ” ” ‖Ῥ⁴ ”

‚–΅― ῀⁴‮ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1)  ͊2 4Tools/Materials ͋”  

 ͊2 4Tools/Materials ͋„᾿ Ὸ⁮ ‖Ὼ⁴῀ ’⁸‏᾿ 

 ‚ ר

 ⁯ΌῬ ש

║ ת ‚΅⁴ 

‗΅‒‍ ‚͊2 4Tools/Materials ͋‗ ‖Ὼ⁴῀ 

 

2)  Ή ’ ῌ‗Ή ’ ῌ”  

 ⁵‍ „͊1. Direct Work ͋̓  ͊2.1Read Plans/In struction ͋̓

͊2.2 Travel ͋ ᾿2.3Transportation ͋” 4 ‖Ῥ⁴῀ ”ῲ‏᾿͊ 2.2Travel ͋ ῷ⁭•

͊2.3Transportation ͋‗᾿͊ 1. Direct Work ͋ῷ⁭•͊2.1Read Plans/Instruction ͋„᾿

- 2.5 ‚  ‍⁭ῲ‚᾿ Ὸ⁮ ‖Ὼ⁴῀ 

 

1

G- sensor ZigBee

Wave

Pattern

Acceleration

Velocity

Area Time Job

Description

1.Direct Work

1.Direct Work

2.Support

2.1.Read Plans/Instruction

2.2.Travel

2.3.Transportation

2.4.Tools/Materials

3.Delay

3.1.Late Start/Early Quit 

3.2.Waiting

3.3.Personal

3.4.Break

G- sensor ZigBee

Wave

Pattern

Acceleration

Velocity

Area Time Job

Description

1.Direct Work

1.Direct Work

2.Support

2.1.Read Plans/Instruction

2.2.Travel

2.3.Transportation

2.4.Tools/Materials

3.Delay

3.1.Late Start/Early Quit 

3.2.Waiting

3.3.Personal

3.4.Break

Activity 

Structure

Tools

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

No 

Acceleration

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

No 

Acceleration

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

Acceleration

2.0 3.1 4.1 5.1 6.1 7.2 8.2 9.2 10.21.0

-20

10

-10

0

20

m/sec2

Acceleration

RandomRandom

RegularRegular

Work 

Area

Work 

Area

Work 

Area

Material 

yard

Material 

yard

Out of 

Work Area

Out of 

Work Area

Working 

Time

Working 

Time

Break 

Time

Break 

Time

- 3.17(2)  ‚ῷ῾⁴͊1.Direct Work ͋ •͊2.Support͋”  
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͊2.2Travel ͋ ῷ⁭•͊2.3Transportation ͋” „᾿ ‚⁭⁴ ’ ₀

ῲ‍‼Ή ’ ῌ₀  ‾”‗ ῴ⁮⁵⁴῀ ᾿͊1. Direct Work ῷ͋⁭•͊ 2.1Read 

Plans/Instruction ͋” „ ‚ῷ῾⁴ ’ ” Ὸ⁮Ή ’

ῌ₀  ‾”‗ ῴ⁮⁵⁴῀ 

  ‖ Ή ’ ῌ₀  ⁴‍‼᾿ ‖„ ” ‚ῷ΅―

’ ‖Ῥ⁴↔╒≥ₔ ₀ ΅᾿ ” Ὸ⁮Ή ’ ῌῸΉ

’ ῌῸ” ₀ ῲ ‗‗ ‍῀ 3- 18 „ 1. Direct Work ῷ⁭•

2.2 Travel ” ” ₀  ‾”‖Ῥ⁴῀‴‍᾿ 3- 18

„᾿ ⁵⁮” ₀↔╒≥ₔ  ᾿ ₀ ‚  ‍‾”‖Ῥ⁴῀ 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Direct Work ‚ῷ΅― „  ’΅Ό᾿ 2.2 Travel ‚

ῷ΅―„ 2Hz ‚ ’ Ό  ⁵⁴῀ ⁵„ ” Ό 1 ‚ 2

‏ 2Hz ‖Ῥ⁴‍‼‖Ῥ⁴‗ ῴ⁮⁵⁴῀ ” ₀  ⁴

͊2.3Transportation ͋‾ ” ‚⁭‒― ⁸⁵⁴‗ ῴ⁴‗᾿2Hz ‚ ’

Ό  ⁵⁴ –‴⁯ Ή ’ ῌ „͊2.2 Travel ͋‴‍„

͊2.3 Transportation ͋‗ ‖Ὼ⁴῀​ῲ‖’΅ –‴⁯ Ή ’ ῌ „

͊1. Direct Work ͋‴‍„͊2.1Read Plans/Instruction ͋‗ ‖Ὼ⁴ ‗‗’⁴῀ 

3)  Ή ’ ῌ͊ 2.2Travel ͋ •͊2.3Transportation ͋”  

͊2.2Travel ͋‗͊2.3Transportation ͋” ‚–΅―᾿ „‖ש ℮╒₿₀

΅― 3- 19‚  ⁭ῲ‚ Ὸ⁮ ₀  ᾿ ” ‗ Ὸ⁮

 ⁴ ₀  ―΅⁴῀ 
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- 20

- 15
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- 3.18 ‗ ” ‗↔╒≥ₔ ”  
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͊2.3Transportation ͋„Ῥ⁴ ”Ῥ⁴ ₀  ⁴ ‗Ὸ⁮᾿ Ό

Ὼῼ’⁴‗ ῴ⁮⁵⁴῀​”‍‼᾿ ” Ό͊2.2Travel ͋⁭⁯‾ Ὼ΅‾”‗

ῴ⁮⁵⁴῀ ‚᾿ ₀  ⁴͊2.3Transportation ͋‖„ ’ ‖Ῥ⁴

͊2.2Travel ͋⁭⁯‾ ’ ῺΌ  ⁴ ‗Ό ῴ⁮⁵⁴ ‗Ὸ⁮᾿ ‚‟⁮

–ῺΌ  ᾿ Ό Ὼῼ’‒‍‾”‗  ⁵⁴῀ ‖  ⁴

”↨⌠⅍₿ₐ↨‖„ ” ῴ ‚  ᾿ ”‗ῷ⁯ ” ‗

₀ ” Ὼ΅ ‗ ⁴῀ 

---------------------  

” 0. 017m/sec З͊2 2 Travel ͋ 

 0. 017m/sec З͊2 3Transportation ͋ 

ͨ Ὼ΅ 0 017m/sec”  

 (0 . 0204m/s 0. 0140 m/s)ö2ӂ0. 017m/sec 

” 0 012m/sec З͊2 2 Travel ͋ 

 0 012m/sec З͊2 3Transportation ͋ 

ͨ Ὼ΅ 0 012m/sec”  

(0. 0151m/s 0. 0094 m/s)ö2ӂ0. 012m/sec 

---------------------  

4)  Ή ’ ῌ͊ 1. Direct Work ͋ •͊2.1 Read Plans/Instruction ͋”  

΅‖᾿͊ 1. Direct Work ͋‗͊2.1 Read Plans/Instruction ͋” ‖Ῥ⁴Ό᾿

‖„ ‚ Ὼ΅ ‚–΅―„  ⁵―΅’΅‾””᾿ ₀ ⁴ ⁯

” ‖ ‖Ὼ⁴‾”‗ ῴ⁮⁵⁴῀ Ὼ΅ ‚–΅―„ ” ‖ ’

₀   ‗‗ ⁴῀ 

 

A1+A2 B2 - B2-B1 A2-A1 /2

4- 29  

 

₀ ‼⁴ 

10sec 

4- 8 Travel ‗ Transportation ” ” ‗  

 

”  

  :0.020m/s 

 :0.015 /s 

  :0.014m/s 

 :0.009 /s 

- ‖ש 3.19 ⁮⁵‍͊2.2Travel ͋ •͊2.3Transportation ͋”  
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 ‚ῷ῾⁴℮╒₿ ‗ ↨⌠⅍₿ₐ↨”  

℮╒₿ ”  

 ‴‖” ₀ ‴ῴ᾿ ‼― ‚ῷ῾⁴℮╒₿ ₀ ‒‍῀ 

1)  

22 3 11  ⁵ 

ZigBee ῷ⁭• ₲└€╒” ‗℮╒₿  

  

8 00 12 00 

2)  

 ⁵‴‖” ‗ ᾿ ‚ῷ῾⁴ ‗ ‚ ZigBee ₮₰Ω√

‗ ₲└€╒₀ ΅‍ ℮╒₿” ᾿ ‚⁭⁴─╒₦€└↨≥└₧

₀ ‚ ‒‍῀ ‖„5 ” ‚ZED‗ ₲└€╒” ₀  ᾿

” ᾿ ”℮╒₿ ₀ ‒‍῀ 

’ῷ᾿ ‚Ῥ‍‒―„᾿ ” ₀≥₈⌂₿ₐ√‖ PC∟⅔₿╒ ‚

‖Ὼ⁴ ZigBee ₴↔⅍ₒₓ₈₀  ᾿ ₀ ‒‍῀ 

3- 20‚ ‗ ZCῷ⁭• ZR ᾿ 3- 21‚ ” ZCῷ⁭• ZR

‗ ZR ᾿ - 3.22 ‚ ‗ ≥₰⅍᾿ - 3.23 ‚ ‍‚

 ‍ ZigBee ₴↔⅍ₒₓ₈” ₀  ῀ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 3.20 ‗ ZC ₪╒℮₉⅜╒₿ ῷ⁭• ZR(⌂╒₿╒)  

ZR1

ZR2

ZC

ZR4

ZR3


