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There are many places of interests that do not have information on the number 
of people visiting, leaving, and the amount of time they stayed for. In Thailand, there are 
over 5,000 registered historical sites, many of which have no guards or conservators. 
Because of this, records of visitors are not kept. Being able to collect and analyze such 
data would be a useful tool for planning, but these data are hard to automatically acquire 
in a cost-effective way. This paper evaluates the possibility of building a system from 
commodity hardware that is capable of collecting data from Wi-Fi probe signals from 
visitor³s devices to determine number of visitors and amount of time they stayed at the 
destination. The evaluations focus on three parameters, signal range, signal strength, and 
power consumption. The results show that the Wi-Fi probe collection system has 
advantages in term of coverage range, and low power consumption. In addition, location 
and direction estimation from signal strength with three sensors, and error reduction 
techniques are also evaluated. This system is suitable to be used as a budget preliminary 
data collection device. 
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ĭĪĬņ 
 

1.1 ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽņėńĠĕŀĚĮƤĠľŅ 

 ŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗŒĬĮƤěěŋĭńĬĩŌĔĬņĴŅŒĝƟĚŅĬĔńĬŀĵƞŅĚŐıĶƞľĸŅĵȮŏĝƞĬȮőĪĶĻńıĪƢĴŊŀĩŊŀȮőĬƟĨĭŋƠĔȮ
ľĶŊŀȮȮLaptop ĸƟĺĬĴňĶŌĮŐĭĭŐĸŃĔŅĶĬņĴŅŒĝƟĚŅĬĪňŗľĸŅĔľĸŅĵȮľĬŉŗĚŒĬĬńŘĬėŊŀĔŅĶŒĝƟĚŅĬĶŃĭĭ
ŏėĶŊŀĕƞŅĵŐĭĭœĶƟĽŅĵĽŅĴŅĶĩŒĝƟĚŅĬœħƟěŅĔįŌƟŒľƟĭĶŇĔŅĶŏėĶŊŀĕƞŅĵŐĸŃĶńĭĽńĠĠŅĦȮWi-Fi ěŅĔıŊŘĬĪňŗĨƞŅĚŕ
ĪňŗĴňĭĶŇĔŅĶȮĞŉŗĚĩƟŅįŌƟŒĝƟĚŅĬŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗĽƞĺĬŒľĠƞěŃŏĮƕħĔŅĶŒĝƟĚŅĬŏėĶŊŀĕƞŅĵ Wi-Fi œĺƟĩŉĚŐĴƟěŃĴňĔŅĶ
ŏĝŊŗŀĴĨƞŀľĶŊŀœĴƞĴňĔŅĶŏĝŊŗŀĴĨƞŀĽńĠĠŅĦȮŐĸƟĺĨńĺįŌƟŒĝƟĚŅĬĔŖŏėĸŊŗŀĬĪňŗœĮĵńĚĽĩŅĬĪňŗĨƞŅĚŕȮĨńĺŀŋĮĔĶĦƢĔŖěŃ
ĮĸƞŀĵĽńĠĠŅĦȮWi-Fi Probe ŀŀĔĴŅĨĸŀħȮĪņŒľƟĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦŐĸƟĺĬņĴŅĺŇŏėĶŅŃľƢįĸ
ŏıŊŗŀľŅĔŅĶŏĕƟŅĴŅŐĸŃŀŀĔœĮĕŀĚįŌƟėĬŒĬĽĩŅĬĪňŗĬńŘĬȮŕȮŐĸŃĵńĚĽŅĴŅĶĩĪňŗěŃĬńĭěņĬĺĬėĬĪňŗŏĕƟŅĴŅœħƟ
ħƟĺĵȮĞŉŗĚĔŅĶĨĶĺěěńĭĺŇīňĪňŗĔĸƞŅĺĴŅĬńŘĬĽŅĴŅĶĩŏŀŅœĮŒĝƟĮĶŃőĵĝĬƢœħƟŒĬľĸŅĵȮŕȮĽĩŅĬĪňŗȮŀŅĪŇŏĝƞĬȮ
ĽĩŅĬĪňŗĶĔĸƟŅĚœĴƞĴňėĬŏİƚŅħŌőħĵĪňŗœĴƞĽŅĴŅĶĩěŃĶŌƟœħƟŏĸĵĺƞŅĴňėĬŏĕƟŅĴŅŒĬĽĩŅĬĪňŗŐľƞĚĬńŘĬľĶŊŀœĴƞȮĜŃĬńŘĬ
ľŅĔĴňŀŋĮĔĶĦƢĪňŗĽŅĴŅĶĩĨĶĺěěńĭŐĸƟĺĮĶŃĴŅĦěņĬĺĬėĬĪňŗŏĕƟŅĴŅœħƟȮľŅĔıĭĺƞŅĴňěņĬĺĬĪňŗŏĕƟŅĴŅŏĵŀŃ
ĴŅĔȮĔŖŀŅěĨƟŀĚŏĕƟŅœĮĨĶĺěĽŀĭĺƞŅĪņœĴĩŉĚĴňėĬĽĬŒěȮŏĮƦĬĨƟĬȮľĶŊŀȮőĭĶŅĦĽĩŅĬĪňŗĪŇŘĚĸƟŅĚœĺƟĬŅĬĩƟŅĴň
ėĬĽĬŒěŏĕƟŅœĮĻŉĔļŅȮľĶŊŀŐĴƟŐĨƞŒĬĽĩŅĬĪňŗĬńŘĬŕȮĴňĽŇŗĚĕŀĚěņŏĮƦĬĪňŗĨƟŀĚĶńĔļŅŀŅěĬņŀŋĮĔĶĦƢĨĶĺěěńĭœĮ
ĨĶĺěĽŀĭĕƟŀĴŌĸŏıŊŗŀĮĔĮƚŀĚĪĶńıĵƢĽŇĬŏľĸƞŅĬńŘĬœĺƟœħƟŀňĔħƟĺĵȮĔŅĶĮĶŃĴŅĦĔŅĶěņĬĺĬėĬěŃŏĬƟĬœĮĪňŗĔŅĶ
ĬņŀŋĮĔĶĦƢĪňŗŒĝƟĨƟĬĪŋĬĨŗņĽŅĴŅĶĩŒĝƟĚŅĬœħƟěĶŇĚȮŐĸŃĵńĚĴŀĚĩŉĚĕƟŀœħƟŏĮĶňĵĭĪňŗħňĔĺƞŅŀŋĮĔĶĦƢŀŊŗĬȮŕȮŏĝƞĬȮ
ĔĸƟŀĚĺĚěĶĮƕħĪňŗĴňĴŋĴŀńĭȮœĴƞĽŅĴŅĶĩĨĶĺěěńĭœħƟĬŀĔıŊŘĬĪňŗĕŀĚĭĶŇŏĺĶĔĸƟŀĚȮľĶŊŀěņŏĮƦĬĨƟŀĚĨĶĺěěńĭĔŖ
ĨƟŀĚĴňěņĬĺĬŀŋĮĔĶĦƢľĸŅĵĨńĺ*ȮœĴƞĸƞĺĚĸŃŏĴŇħėĺŅĴŏĮƦĬĽƞĺĬĨńĺĕŀĚėĬĪňŗĴŅ*ȮĶŃĵŃŒĝƟĚŅĬĕŀĚȮWi-Fi 
Probe œĴƞĔĺƟŅĚŏĔŇĬœĮȮĪņŒľƟĽŅĴŅĶĩŒĝƟĚŅĬŏĜıŅŃĭĶŇŏĺĦœħƟȮȮĨƞŅĚěŅĔĔŅĶŒĝƟĽńĠĠŅĦŀŊŗĬȮŕȮŏĝƞĬȮWi-Fi 
probe ěŅĔĴŊŀĩŊŀœĮĵńĚŏĽŅĽńĠĠŅĦĪňŗĴňĶŃĵŃĪŅĚľĸŅĵȮŕȮĔŇőĸŏĴĨĶ 
 ĔŅĶĨĶĺěěńĭĽńĠĠŅĦ Wi-Fi probeȮĪňŗŏĕƟŅĴŅŒĬıŊŘĬĪňŗĬńŘĬȮŕȮŏĮƦĬĔŅĶĪħĸŀĚŒľƟĴňėĺŅĴŏĕƟŅŒěŒĬȮ
2 ĮĶŃŏħŖĬȮėŊŀȮ1) ĮĶŃŏĴŇĬĔŅĶŒĝƟŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦȮWi-Fi probe ŏĝƞĬȮĶŃĵŃĪŅĚŒĬĔŅĶěńĭ
ĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶľŅĕŀĭŏĕĨȮĶńĻĴňĕŀĚĔŅĶĨĶĺěěńĭ, ėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŏĴŊŗŀŏĪňĵĭĔńĭ
ĶŃĵŃĪŅĚ, ĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚŀŋĮĔĶĦƢ, ĮĶŇĴŅĦĕƟŀĴŌĸĪňŗěńħŏĔŖĭĭĬľĬƞĺĵėĺŅĴěņȮŏıŊŗŀĪňŗ
ĽŅĴŅĶĩĬņįĸĔŅĶĪħĸŀĚĴŅŀŀĔŐĭĭŐĸŃıńĥĬŅŀŋĮĔĶĦƢĨĶĺěěńĭŒľƟŒĝƟĚŅĬœħƟěĶŇĚŐĸŃĴňĨƟĬĪŋĬĨŗņ 2) 
ĪħĸŀĚĔŅĶŒĝƟŀŋĮĔĶĦƢěńĭĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶľŅĨņŐľĬƞĚĕŀĚĽńĠĠŅĦŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗĪňŗ
ŀĵŌƞŒĬĭĶŇŏĺĦĬńŘĬȮŐĸƟĺĽŅĴŅĶĩĭŀĔĩŉĚĪŇĻĪŅĚȮŐĸŃĶŃĵŃĪŅĚĕŀĚŀŋĮĔĶĦƢŏľĸƞŅĬńŘĬ 
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1.2 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 

 1.2./ȮĮĶŃŏĴŇĬĔŅĶŒĝƟŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦȮWi-Fi probe 
 1.2.2 ĪħĸŀĚĔŅĶŒĝƟŀŋĮĔĶĦƢěńĭĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶľŅĨņŐľĬƞĚĕŀĚĽńĠĠŅĦ
ŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗ 
 

1.3 ĽĴĴĨĨŇģŅĬĔŅĶĺŇěńĵȮ 

 ŒĬĮƤěěŋĭńĬėĬĴńĔıĔıŅŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗȮŏĝƞĬȮőĪĶĻńıĪƢĴŊŀĩŊŀȮėŀĴıŇĺŏĨŀĶƢőĬƟĨĭŋƠĔȮľĶŊŀ
ŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗŀŊŗĬȮŕȮĪňŗĽŅĴŅĶĩĮĸƞŀĵȮWi-Fi œħƟȮŀŋĮĔĶĦƢŏľĸƞŅĬňŘŀŅěĴňĔŅĶŏĮƕħŒĝƟĽńĠĠŅĦȮWi-Fi œĺƟ
ĪņŒľƟŀŋĮĔĶĦƢĮĸƞŀĵĽńĠĠŅĦȮWi-Fi Probe ŀŀĔĴŅĨĸŀħŏĺĸŅŏıŊŗŀŒĝƟŒĬĔĶŃĭĺĬĔŅĶŏĝŊŗŀĴĨƞŀĔńĭ
ŀŋĮĔĶĦƢĶńĭĽńĠĠŅĦȮěŉĚĪņŒľƟĽŅĴŅĶĩŒĝƟĽńĠĠŅĦȮWi-Fi Probe ŒĬĔŅĶĨĶĺěĽŀĭĨņŐľĬƞĚľĶŊŀĔŅĶ
ĮĶŅĔġĕŀĚŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗŒĬıŊŘĬĪňŗĬńŘĬœħƟ 
 
/,4ȮĕŀĭŏĕĨĔŅĶĺŇěńĵ 

 ĔŅĶĮĶŃŏĴŇĬįĸĔŅĶŒĝƟȮWi-Fi probe ŒĬĔŅĶĨĶĺěěńĭěņĬĺĬėĬŒĬĽĩŅĬĪňŗȮőħĵĴŀĚŀŀĔŏĮƦĬȮ
2 ĮĶŃŏħŖĬȮħńĚĬňŘ 
 1.4.1 ĮĶŃŏĴŇĬįĸĔŅĶŒĝƟŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦȮWi-Fi probe 
  1.4.1.1 ĶŃĵŃĪŅĚŒĬĔŅĶěńĭĽńĠĠŅĦȮWi-Fi probe 
  1.4.1.2 ėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŏĴŊŗŀŏĪňĵĭĔńĭĶŃĵŃĪŅĚ 
  1.4.1.3 ĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬ 
  1.4.1.4 ĮĶŇĴŅĦĕƟŀĴŌĸĪňŗěńħŏĔŖĭ 
 1.4.2 ĮĶŃŏĴŇĬįĸĔŅĶŒĝƟŀŋĮĔĶĦƢěńĭĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶľŅĨņŐľĬƞĚĕŀĚĽńĠĠŅĦ
ŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗ 
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1.5 ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟ 

 1.5.1 ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟħƟŅĬŁŅĶƢħŐĺĶƢ 
  1.5.1.1 Raspberry Pi 3 Model B 
  1.5.1.2 USB Wi-Fi 3 ĶŋƞĬ 
 1.5.2 ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟħƟŅĬĞŀĲĨƢŐĺĶƢ 
  1.5.2.1 ĶŃĭĭĮĢŇĭńĨŇĔŅĶĽņľĶńĭȮRaspberry Pi 3ȮKali Linux 
  1.5.2.2 őĮĶŐĔĶĴȮWin32DiskImager 
  1.5.2.3 őĮĶŐĔĶĴĳŅļŅȮPython 
  1.5.2.4 ĽėĶŇĮĨƢėņĽńŗĚ Probemon 
 

1.6 įĸĪňŗėŅħĺƞŅěŃœħƟĶńĭ 

 ĽŅĴŅĶĩıńĥĬŅŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦȮWi-Fi ĪňŗĴňĨƟĬĪŋĬĨŗņȮĶŅėŅœĴƞŐıĚȮĪňŗĝƞĺĵŒĬĔŅĶ
ĨĶĺěěńĭėĬĪňŗŏĕƟŅĴŅŒĬĽĩŅĬĪňŗĨƞŅĚȮŕȮœħƟőħĵœĴƞĽƞĚįĸĔĶŃĪĭĨƞŀėĺŅĴŏĮƦĬĽƞĺĬĨńĺĕŀĚįŌƟŒĝƟŀŋĮĔĶĦƢ
ŏėĸŊŗŀĬĪňŗȮŏĝƞĬȮœĴƞĴňĔŅĶŏĔŖĭĳŅıȮľĶŊŀĕƟŀĴŌĸĽƞĺĬĨńĺĕŀĚėĬĪňŗŏĕƟŅĴŅȮŏĮƦĬĨƟĬȮȮĪņŒľƟľĴħĮƤĠľŅĔŅĶĬņ
ĕƟŀĴŌĸœĮŐĽĺĚľŅįĸĮĶŃőĵĝĬƢ 
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ĭĪĪňŗȮ0 

ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

 ěŅĔĚŅĬĺŇěńĵŏĶŊŗŀĚĔŅĶĮĶŃŏĴŇĬįĸĔŅĶŒĝƟȮWi-Fi probe ŒĬĔŅĶıńĥĬŅĶŃĭĭĨĶĺěěńĭėĬĪňŗŏĕƟŅ
ĴŅŒĬĽĩŅĬĪňŗ įŌƟĺŇěńĵœħƟĬņŏĽĬŀĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚőħĵŏĬƟĬŏĬŊŘŀľŅŀŀĔŏĮƦĬȮ2ȮľńĺĕƟŀħńĚĬňŘ 
 2.1 ŏĪėőĬőĸĵňŏėĶŊŀĕƞŅĵœĶƟĽŅĵ 
 2.2 ĔŅĶĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶĮĶŃŏĴŇĬįĸ 
 

2.1 ŏĪėőĬőĸĵňŏėĶŊŀĕƞŅĵœĶƟĽŅĵ 

 ĔŅĶŏĸŊŀĔŒĝƟŏĪėőĬőĸĵňŏėĶŊŀĕƞŅĵěņŏĮƦĬĨƟŀĚĻŉĔļŅėĺŅĴĶŌƟŏĭŊŘŀĚĨƟĬĕŀĚĶŃĭĭĔƞŀĬȮőħĵĔŅĶ

ĬņŏĽĬŀĬňŘěŃĝňŘĬņœĮĩŉĚėĺŅĴĶŌƟŏĭŊŘŀĚĨƟĬħńĚĬňŘ 

 Genevieve Bartlett et al. [1]ȮĔŅĶĪħĸŀĚĔŅĶĨĶĺěĽŀĭŏėĶŊŀĕƞŅĵȮWi-Fi ŐĭĭȮActive 
ProbingȮŐĸŃȮPassive MonitoringȮŏıŊŗŀĨĶĺěľŅĔŅĶŒĝƟĭĶŇĔŅĶŏėĶŊŀĕƞŅĵőħĵĶŀĭıŊŘĬĪňŗȮŐĸŃŀīŇĭŅĵ
ĝƞŀĚőľĺƞĕŀĚĭĶŇĔŅĶȮĞŉŗĚıĭĺƞŅȮĔŅĶĨĶĺěĽŀĭŐĭĭȮPassiveȮŏľĴŅŃŐĔƞĔŅĶėƟĬľŅŏėĶŊŀĕƞŅĵŒĔĸƟŏėňĵĚĪňŗ
ĶĺħŏĶŖĺȮĽƞĺĬĔŅĶĨĶĺěĽŀĭŐĭĭ ActiveȮěŃŏľĴŅŃĽĴĔńĭĔŅĶėƟĬľŅŏėĶŊŀĕƞŅĵĪńŘĚľĴħ 
 DhawankarȮet al. [2] ĪņĔŅĶĪħĸŀĚĮĶŇĴŅĦĚŅĬȮĝƞĺĚȮŐĸŃĮĶŃĽŇĪīŇĳŅıĕŀĚĴŅĨĶģŅĬȮ
IEEE 6.0,//a, 6.0,//n ŐĸŃȮ6.0,//ac įƞŅĬőĮĶőĨėŀĸȮTCP ŐĸŃȮUDP ŒĬĽĳŅıŐĺħĸƟŀĴŒĬĶƞĴ
ŏıŊŗŀĬņįĸĔŅĶĪħĸŀĚĴŅĔņľĬħėĺŅĴĽŅĴŅĶĩĕŀĚŐĨƞĸŃőĮĶőĨėŀĸ 
 Powar et al. [3] ĔŅĶĪħĽŀĭĴŅĨĶģŅĬȮIEEE 6.0,//ȮĭĬĝƞŀĚĽńĠĠŅĦĕŀĚȮ0,2ȮGHz ŐĸŃȮ
3ȮGHzȮŏıŊŗŀĪħĽŀĭĔŅĶĶńĭ-ĽƞĚĕƟŀĴŌĸĴńĸĨŇĴňŏħňĵ 
 Purushothaman et al. [4] ĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĽƞĚĕƟŀĴĴŌĸħƟĺĵĴŅĨģŅĬȮIEEE 
6.0,//ȮŒľƟŏĶŖĺĕŉŘĬȮěŅĔŏħŇĴȮ1..msȮŒľƟŏľĸŊŀȮ2.ms 
 Pei et al. [5]ȮŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶŏĝŊŗŀĴĨƞŀŏėĶŊŀĕƞŅĵĕŀĚĴŊŀĩŊŀŒľƟŏĶŖĺĕŉŘĬŏıŊŗŀĸħĔŅĶĸƞŅĝƟŅ
ŒĬĔŅĶŏĝŊŗŀĴĨƞŀŐĸŃĳŅĶŃėƞŅŒĝƟěƞŅĵĕŀĚŐĨƞĸŃŏėĶŊŀĕƞŅĵ 
 Huang et al. [6]ȮĔŅĶĨĶĺěěńĭȮWi-Fi ŐĭĭıŅĽĞňĲĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗ
ĕŀĚėĬ őħĵŒĝƟȮWi-Fi sniffersȮŏıŊŗŀĝƞĺĵŒĬĔŅĶŀņĬĺĵėĺŅĴĽŃħĺĔŐĸŃěńħĔŅĶĭĶŇĔŅĶ 
 John Steenbruggen et al. [7]ȮĔŅĶĬņŏėĶŊŀĕƞŅĵȮGSM ħńĚįŇħıĸŅħ ȮœĴƞıĭŐľĸƞĚĔŅĶ
ŀƟŅĚŀŇĚȮĕŀĚĴŊŀĩŊŀĴŅŒĝƟŒĬĔŅĶĶŃĭŋĨņŐľĬƞĚȮőħĵŒĝƟĺŇīňĔŅĶĨĶĺěĽŀĭėĺŅĴľĬŅŐĬƞĬĕŀĚįŌƟŒĝƟĭĶŇĔŅĶĪňŗŀĵŌƞ
ĭĶŇŏĺĦĬńŘĬȮŏıĶŅŃĴňėĺŅĴĬƞŅŏĝŊŗŀĩŊŀŐĸŃĽŅĴŅĶĩĨĶĺěĽŀĭėĺŅĴĩŌĔĨƟŀĚœħƟȮŐĨƞĔŖĵńĚĴňĕƟŀěņĔńħŒĬŏĶŊŗŀĚ
ĕŀĚĔŅĶŏĕƟŅĩŉĚĕƟŀĴŌĸĨņŐľĬƞĚĕŀĚŏėĶŊŀĕƞŅĵȮŏĬŊŗŀĚěŅĔŏĮƦĬĕƟŀĔņľĬħĕŀĚĭĶŇļńĪŒĬŏĝŇĚĕŀĚıŅĦŇĝĵƢȮĪņ
ŒľƟĵŅĔĨƞŀĔŅĶŏĕƟŅĩŉĚĕƟŀĴŌĸĕŀĚĸŌĔėƟŅĪňŗŏĮƦĬįŌƟŒĝƟĭĶŇĔŅĶ 
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ĳŅıĪňŗȮ2.1ȮőėĶĚĶƞŅĚŏėĶŊŀĕƞŅĵȮGSM 

2.2 ĔŅĶĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶĮĶŃŏĴŇĬįĸ 

 ĺŇīňĔŅĶĬņėĺŅĴĽŅĴŅĶĩĕŀĚȮWi-Fi probe ĴŅĺŇŏėĶŅŃľƢŏıŊŗŀľŅĔŅĶŏĕƟŅĴŅŐĸŃŀŀĔœĮĕŀĚ

ŀŋĮĔĶĦƢĴňľĸŅĔľĸŅĵŐĬĺėŇħȮŐĸŃĺŇīňĔŅĶĴŅĔĴŅĵěŅĔľĸŅĵŕĚŅĬĺŇěńĵőħĵĬņŏĽĬŀħńĚĬňŘ 

 Y. Li et al. [8] ŐĽħĚĕňħėĺŅĴĽŅĴŅĶĩĕŀĚěŋħŏĝŊŗŀĴĨƞŀŐĸŃĔŅĶĺŅĚĨņŐľĬƞĚĪňŗŏľĴŅŃĽĴȮħƟĺĵ
ĔŅĶĺŇŏėĶŅŃľƢėņĕŀȮprobe ěŅĔȮSmartphone őħĵŒĝƟȮWi-Fi sniffers ĔńĭȮŀŋĮĔĶĦƢȮ0ȮŐĭĭȮėŊŀȮRPiȮ
ĔńĭȮLoPy4 ıĶƟŀĴĔńĭŐĽħĚįĸĔŅĶĪħĸŀĚŒĬıŊŘĬĪňŗȮ3 ĨņŐľĬƞĚȮėŊŀȮŒĬĭƟŅĬȮŒĬľƟŀĚȮĭĶŇŏĺĦĽĬŅĴľĬƟŅ
ĭƟŅĬȮŏıŊŗŀľŅěŋħĪňŗĺŅĚĨńĺĔĶŃěŅĵĽńĠĠŅĦĪňŗħňĪňŗĽŋħ 
 J Yang et al. [9] œħƟĬņŏĽĬŀĔŅĶĔŅĶľŅĨņŐľĬƞĚĕŀĚȮSmartphoneȮőħĵŒĝƟĺŇīňĪŅĚ
ėĦŇĨĻŅĽĨĶƢľŅěŋħĨńħĕŀĚĺĚĔĸĴěŅĔĨńĺȮAP ĪńŘĚĽŅĴĨńĺȮŐĨƞĔŖĵńĚŏĔŇħėĺŅĴėĸŅħŏėĸŊŗŀŏĬŊŗŀĚěŅĔŒĬėĺŅĴ
ŏĮƦĬěĶŇĚĕŀĚĔŅĶŏĔŖĭĕƟŀĴŌĸȮĺĚĔĸĴĪńŘĚĽŅĴĴňőŀĔŅĽĬƟŀĵĴŅĔĪňŗěŃĨńħĔńĬŐĭĭıŀħňȮįŌƟĺŇěńĵěŉĚĵĔĨńĺŀĵƞŅĚ
ŏľĨŋĔŅĶĦƢŏľĸƞŅĬńŘĬħńĚįŇħıĸŅħ ȮœĴƞıĭŐľĸƞĚĔŅĶŀƟŅĚŀŇĚ 
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ĳŅıĪňŗȮ2.2ȮőŀĔŅĽėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶŏĔŇħŏľĨŋĔŅĶĦƢĕŀĚĺĚĔĸĴĪńŘĚĽŅĴĺĚĪňŗĨńħĔńĬ 

 Julien FreudigerȮet al.ȮY/.[ ĔŅĶŐĽħĚėƞŅėĺŅĴŏĮƦĬĽƞĺĬĨńĺĕŀĚėņĕŀȮprobe ŏĝƞĬȮėĺŅĴĩňŗ
ŒĬĔŅĶĽƞĚȮMac ĝňŘŒľƟŏľŖĬĩŉĚėĺŅĴœĴƞĮĸŀħĳńĵŒĬŏĝŇĚıŅĦŇĝȮħƟĺĵĺŇīňĔŅĶĪħĽŀĚěŅĔĴŊŀĩŊŀėƞŅĵħńĚěņĬĺĬȮ
5 ėƞŅĵȮĪňŗĴňĶŃĭĭĮĢŇĭńĨŇĔŅĶĪňŗŐĨĔĨƞŅĚĔńĬȮħńĚĳŅıĪňŗȮ2.3 

 

ĳŅıĪňŗȮ2.3 ŐĽħĚėƞŅŏĜĸňŗĵĬĔŅĶĽƞĚ Wi-Fi probeȮĕŀĚőĪĶĻńıĪƢŐĨƞĸŃėƞŅĵȮY/.[ 

 S, Rohith Raj et al.ȮY//[ ĔŅĶěńħĔŅĶŐıŖĔŏĔŖĨȮScapy ĪňŗŏĕňĵĬħƟĺĵĳŅļŅȮPython őħĵŒĝƟȮ
wireshark ŏıŊŗŀľŅěŋħŐĕŖĚŐĸŃěŋħŀƞŀĬĕŀĚȮScapy 
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 Xueheng Hu et al.ȮY/0[ ĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŅĔĔŅĶŏĔŖĭĕƟŀĴŌĸĽńĠĠŅĦȮprobeȮĸĚ
ľĬƞĺĵėĺŅĴěņȮĨŅĴĕĬŅħĕŀĚıŊŘĬĪňŗȮėŊŀȮĽĬŅĴĔňĿŅ&ĕĬŅħŒľĠƞ'ȮŒĬľƟŀĚŏĶňĵĬ&ĕĬŅħĔĸŅĚ'ȮŒĬ
ľƟŀĚĮĢŇĭńĨŇĔŅĶ&ıŊŘĬĪňŗėĺĭėŋĴ'ȮőħĵĪħĸŀĚŏıŊŗŀľŅĮĶŇĴŅĦıĸńĚĚŅĬĪňŗŒĝƟŐĸŃĮĶŇĴŅĦĕƟŀĴŌĸĪňŗěńħŏĔŖĭ 
 Alessandro E.C. Redondi and Matteo Cesana [13] ĔŅĶŒĝƟ Wi-Fi probe ĴŅŒĝƟŒĬĔŅĶ
ŐĵĔĶŃľĺƞŅĚȮSmartphone/Laptop ŒĬıŊŘĬĪňŗȮħńĚĳŅıĪňŗȮ2.4 

 

ĳŅıĪňŗȮ2.4 ŐĽħĚıŊŘĬĪňŗĔŅĶĪħĸŀĚŐĸŃěŋħĔŅĶĺŅĚĨńĺĔĶŃěŅĵĽńĠĠŅĦ 

 Kulshrestha et al.ȮY/2[ ĔŅĶĺŇŏėĶŅŃľƢėņĕŀȮprobe ěŅĔȮSmartphoneȮŏıŊŗŀĶŃĭŋĨņŐľĬƞĚ
ĕŀĚĭŋėėĸŒĬĸńĔļĦŃėĬĪňŗŀĵŌƞŒĬıŊŘĬĪňŗěņĬĺĬĴŅĔ 
 Kai Li et al.ȮY/3[ ĔŅĶĺŇŏėĶŅŃľƢėņĕŀȮprobe ěŅĔȮSmartphone ŏıŊŗŀĶŃĭŋĪŇĻĪŅĚĔŅĶ
ŏėĸŊŗŀĬĪňŗĕŀĚėĬȮŒĝƟľƟŀĚĮĢŇĭńĨŇĔŅĶŏĮƦĬľƟŀĚĪħĸŀĚȮıĶƟŀĴĔńĭĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚȮSmartphone 
ŐĨƞĸŃĶŋƞĬȮŐĸŃėĺŅĴŏĶŖĺŒĬĔŅĶŏėĸŊŗŀĬĪňŗĪňŗŐĨĔĨƞŅĚ 
 Yibin Ng et al. [16] ŏĮƦĬĶŌĮŐĭĭĔŅĶĮĶŃĴŅĦěņĬĺĬĮĶŃĝŅĔĶĪňŗŏėĸŊŗŀĬĪňŗŀĵŌƞĶŀĭŕħƟĺĵĔŅĶ
ŒĝƟŏĽŅĽńĠĠŅĦĴŊŀĩŊŀĪňŗįŌƟŒĝƟŏĝŊŗŀĴĨƞŀŀĵŌƞĶŃĭŋıŇĔńħĨņŐľĬƞĚŐĸŃŒĝƟĶŃĭĭȮLocation Based Services 
(LBS) ľĸńĚěŅĔĪňŗœħƟĕƟŀĴŌĸĕŀĚĮĶŃĝŅĔĶĪňŗŏĝŊŗŀĴĨƞŀĔńĬŐĨƞĸŃŏĽŅĽńĠĠŅĦěŉĚĬņĴŅĺŇŏėĶŅŃľƢľŅĺƞŅĪŇĻĪŅĚ
ĨņŐľĬƞĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚŐĨƞĸŃėĬŀĵŌƞĪňŗĨņŐľĬƞĚŒĬĝƞŀĚĨŅĶŅĚľĔŏľĸňŗĵĴħńĚĳŅıĪňŗȮ2.5 
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ĳŅıĪňŗȮ2.5ȮĺŇīňĔŅĶěħěņĨņŐľĬƞĚĔŅĶŏėĸŊŗŀĬĪňŗŒĬĶŌĮŐĭĭĨŅĶŅĚľĔŏľĸňŗĵĴŒĬĶŌĮȮC ėŊŀŏĽŅĽńĠĠŅĦȮŐĸŃ
ĴňěņĬĺĬėĬȮ5 ėĬ 

 Nicholas JarvisȮet al. [17] ĬņŏĽĬŀĺŇīňĔŅĶĔŅĶĮĶŃŏĴŇĬľŅĨņŐľĬƞĚĕŀĚįŌƟŒĝƟěŅĔȮRSSI Īňŗ
ĽńĚŏĔĨœħƟȮěŅĔĽĩŅĮƤĨĵĔĶĶĴĶŃĭĭĕŀĚȮMiamiMapȮħńĚĳŅıĪňŗȮ2.6ȮŐĸƟĺĪņĔŅĶĺŇŏėĶŅŃľƢįĸőħĵ
ĸŃŏŀňĵħěŅĔĔĸŋƞĴįŌƟŒĝƟŀŀĔĴŅħńĚĳŅıĪňŗȮ2.6ȮőħĵĭŀĔĩŉĚĔĸŋƞĴįŌƟŒĝƟĽƞĺĬŒľĠƞŀĵŌƞŒĬıŊŘĬĪňŗĨĶĚĽƞĺĬŒħĕŀĚ
ŀŅėŅĶŒĬĕĦŃŏėĸŊŗŀĬœľĺŐĸŃľĵŋħĬŇŗĚȮŀĵƞŅĚœĶĔŖĨŅĴĔŅĶŏĔŖĭĕƟŀĴŌĸĕŀĚĽĩŅĮƤĨĵĔĶĶĴĬňŘĨƟŀĚŒĝƟĨƟĬĪŋĬ
ŒĬĔŅĶŏĔŖĭĽŌĚ 

 

ĳŅıĪňŗȮ2.6ȮŐĽħĚĽĩŅĮƤĨĵĔĶĶĴĶŃĭĭĕŀĚȮMiamiMap 

 Georgios PipelidisȮet al.ȮY/6[ ĬņŏĽĬŀĺŇīňĔŅĶĨĶĺěěńĭŏĽƟĬĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚėĬħƟĺĵ
ĺŇīňĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸěŅĔĔŅĶŏėĸŊŗŀĬĪňŗħƟĺĵŀŋĮĔĶĦƢȮIOT ĪňŗŀŀĔŐĭĭœĺƟȮħńĚĳŅıĪňŗȮ2.7ȮőħĵŏĔŖĭ
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ĶĺĭĶĺĴėƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĕŀĚĪňŗĮĸƞŀĭĽńĠĠŅĦȮWi-Fi probe ŀŀĔĴŅȮŐĸƟĺĬņĴŅĮĶŃĴĺĸėƞŅ
ėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĪňŗœħƟěŅĔŐĨƞĸŃĨńĺĪňŗĨŇħĨńŘĚœĺƟŏıŊŗŀĬņĴŅĭŀĔĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚŐĨƞĸŃĭŋėėĸ 

 
 

ĳŅıĪňŗȮ2.7ȮĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸŐĸŃĔŅĶĪħĽŀĭĕƟŀĴŌĸ 

 B_ecjgȓ et al.ȮY/7[ ŐĽħĚĕƟŀĴŌĸėĺŅĴŏĮƦĬĽƞĺĬĨńĺĕŀĚėņĕŀȮprobe ěŅĔȮSmartphone Īňŗ
ŐĽħĚĨƞŀěŋħŏĝŊŗŀĴĨƞŀȮĨńŘĚŐĨƞĮƖȮ2014 -2018 ŒĬıŊŘĬĪňŗĕŀĚĚŅĬĴľĔĶĶĴȮıĶƟŀĴĔńĭŐĽħĚėĺŅĴŐĨĔĨƞŅĚ
ĕŀĚĕƟŀĴŌĸĪňŗěńħŏĔŖĭĴŅȮŏıŊŗŀŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŒĝƟĚŅĬŐıŖĔŏĔěȮBroadcast probe Request Īňŗ
ĮĸŀħĳńĵĵŇŗĚĕŉŘĬŐĸŃĔŅĶĽŋƞĴĪňŗŀĵŌƞȮMAC őħĵĶŃĭĭĮĢŇĭńĨŇĔŅĶĕŀĚȮSmartphone ĪňŗŏıŇŗĴĕŉŘĬĴŅ 
 Oliveira et al.ȮY0.[ œħƟĬņŏĽĬŀĔŅĶĨĶĺěěńĭŀŋĮĔĶĦƢħƟĺĵ Wi-FiȮprobeȮĕŀĚŐĨƞĸŃĨńĺ
ĔĶŃěŅĵĽńĠĠŅĦŐĸƟĺĬņįĸĴŅĺŇŏėĶŅŃľƢĔŅĶŏĮĸňŗĵĬŐĮĸĚėĺŅĴĩňŗĕŀĚĽńĠĠŅĦŏıŊŗŀĨńħĽŇĬĺƞŅĪŋĔŕĨńĺ
ĔĶŃěŅĵĽńĠĠŅĦĩŌĔĶƟŀĚĕŀħƟĺĵĨńĺŏħňĵĺĔńĬŐĽħĚĺƞŅĴňĭŋėėĸėĬĬňŘŀĵŌƞŒĬĽĩŅĬĪňŗŐľƞĚĬńŘĬ 
 Terje Trasberg et al.ȮY0/[ ĔŅĶĨĶĺěĬńĭěņĬĺĬėĬŒĬıŊŘĬĪňŗĭĶŇŏĺĦőħĵĶŀĭĶƟŅĬėƟŅĮĸňĔȮħƟĺĵ
ĔŅĶĺŇŏėĶŅŃľƢėņĕŀȮprobe ěŅĔȮSmartphone ŏıŊŗŀėŅħŏħŅěņĬĺĬėĬŒĬŀĬŅėĨŐĸŃěńħĔŅĶĶŃĭĭėƟŅ
ĮĸňĔŒľƟĶŀĚĶńĭĨŅĴěņĬĺĬėĬ 
 Saandeep Depatla et al. [22] ŒĝƟĶŌĮŐĭĭĔŅĶĺńħėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦȮ&RSSI) ĶŃľĺƞŅĚ
ŏĽŅĽńĠĠŅĦŏėĶŊŗŀĚĽƞĚȮ-ȮĶńĭĽńĠĠŅĦȮħƟĺĵĺŇīňĔŅĶľŅĝƞŀĚĔŅĶĨńħĽńĠĠŅĦĕŀĚŏĽŅĽńĠĠŅĦȮSight (LOS) 
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ŐĸŃĔŅĶĔĶŃĪĭĕŀĚėĸŊŗĬĪňŗĔĶŃěŅĵŀĵŌƞĶŀĭŕ ľĸńĔěŅĔĬńŘĬĬņėƞŅĪňŗœħƟĴŅĪņĔŅĶĮĶŃĴŅĦėƞŅěņĬĺĬėĬĪňŗ
ŀĵŌƞĭĶŇŏĺĦĬńŘĬȮŐĨƞĔŅĶĮĶŃĴŅĦėƞŅŀŅěěŃœĴƞĩŌĔĨƟŀĚŐĴƞĬĵņȮŏĬŊŗŀĚěŅĔěŃĴňĔŅĶĞƟŀĬĪńĭĕŀĚėĬĪňŗŏħŇĬ
įƞŅĬŒĬĸńĔļĦŃŐĬĺĨĶĚȮĔŅĶœĴƞŏėĸŊŗŀĬĪňŗȮŐĸŃȮıŊŘĬĪňŗŏĮƦĬŀŅėŅĶŏĮƦĬĝńŘĬěŉĚĪņŒľƟėĺŅĴŐĴƞĬĵņĸħĸĚ 

 

ĳŅıĪňŗȮ2.8ȮŐĭĭěņĸŀĚĔŅĶĞƟŀĬĪńĭĕŀĚėĬ 
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ĭĪĪňŗȮ3 

ĪķļġňŐĸŃėĺŅĴĶŌƟıŊŘĬģŅĬ 

 ĻŉĔļŅĕƟŀĴŌĸıŊŘĬģŅĬŐĸŃĶŅĵĸŃŏŀňĵħĕŀĚŏėĶŊŗŀĚĴŊŀĪňŗĬņĴŅŒĝƟĔńĭŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦŐĸŃ
ĺŇīňĔŅĶŀŀĔŐĭĭ ŏıŊŗŀĬņĴŅıńĥĬŅĶŃĭĭĨĶĺěěńĭŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗĪňŗŏĕƟŅĴŅŒĬĽĩŅĬĪňŗȮőħĵŐĭƞĚľńĺĕƟŀ
ħńĚĬňŘ 
 3.1 ŏĪėőĬőĸĵňŏėĶŊŀĕƞŅĵ Wi-Fi 
 3.2 Raspberry Pi 
 3.3 ĶŃĭĭĮĢŇĭńĨŇĔŅĶ 
 

3.1 ŏĪėőĬőĸĵňŏėĶŊŀĕƞŅĵœĶƟĽŅĵ 

 ŏĪėőĬőĸĵňŏėĶŊŀĕƞŅĵœĶƟĽŅĵȮľĶŊŀȮWi-Fi ŏĮƦĬŏĪėőĬőĸĵňĪňŗœħƟĶńĭėĺŅĴĬŇĵĴĪňŗĝƞĺĵŒľƟŀŋĮĔĶĦƢ
ŀŇŏĸŖĔĪĶŀĬŇĔĽƢĽŅĴŅĶĩŐĸĔŏĮĸňŗĵĬĕƟŀĴŌĸľĶŊŀŏĝŊŗŀĴĨƞŀŀŇĬŏĪŀĶƢŏĬŖĨœħƟȮŐĭĭœĶƟĽŅĵȮĨŅĴĴŅĨĶģŅĬȮIEEE 
802.11 ĬŇĵĴŒĝƟĔńĭŀŋĮĔĶĦƢıĔıŅȮŏĝƞĬȮėŀĴıŇĺŏĨŀĶƢĽƞĺĬĭŋėėĸȮőĪĶĻńıĪƢĽĴŅĶƢĪőĲĬȮŐĪŖĭŏĸŖĨȮŐĸŃ
ĔĸƟŀĚħŇěŇĪńĸȮĽŅĴŅĶĩŏĝŊŗŀĴĨƞŀĔńĭŀŇĬŏĪŀĶƢŏĬŖĨœħƟįƞŅĬŀŋĮĔĶĦƢĪňŗŏĶňĵĔĺƞŅȮAccess PointȮľĶŊŀȮHotspotȮ
őħĵĴňĶŃĵŃĕŀĚĔŅĶĔĶŃěŅĵĽńĠĠŅĦĕŉŘĬŀĵŌƞĔńĭȮAccess PointȮőħĵĪńŗĺœĮĮĶŃĴŅĦȮ20 ŏĴĨĶŒĬıŊŘĬĪňŗ
ŀŅėŅĶȮŐĸŃěŃœĔĸĔĺƞŅĬňŘĩƟŅŏĮƦĬĪňŗőĸƞĚ 
 Wi-Fi probe ŏĮƦĬŏĪėőĬőĸĵňĔŅĶĽƞĚĝŋħėņĕŀŏĝŊŗŀĴĨƞŀĽńĠĠŅĦȮWi-Fi ŀńĨőĬĴńĨŇŏĮƦĬĶŃĵŃ 
ŐĴƟĺƞŅěŃœĴƞœħƟŏĝŊŗŀĴĨƞŀȮAccess Point ĝƞĺĚĕŀĚĔŅĶĽƞĚĽńĠĠŅĦĕŀĚȮWi-Fi probe ėņĶƟŀĚĕŀĴňĝƞĺĚ
ĨńŘĚŐĨƞȮ30ȮĺŇĬŅĪňȮĩŉĚȮ60ȮĺŇĬŅĪňȮ&ĕŉŘĬŀĵŌƞĔńĭĽĩŅĬŃıĸńĚĚŅĬĕŀĚŀŋĮĔĶĦƢ'ȮŒĬĪŋĔȮŕ ĝƞĺĚŏĺĸŅȮAccess 
Point ĽŅĴŅĶĩĨĶĺěěńĭœħƟĮĶŃĴŅĦ 10 ŏĲĶĴȮĪŋĔŏĲĶĴĴňĔŅĶŐĽħĚėƞŅıŅĶŅĴŇŏĨŀĶƢĕŀĚŏėĶŊŀĕƞŅĵȮŏĝƞĬȮ
įŌƟŒľƟĭĶŇĔŅĶ, SSID, MAC ĮĸŅĵĪŅĚ, MAC ĨƟĬĪŅĚȮŐĸŃȮBSSID ĪňŗŀĵŌƞȮMAC ŐĽħĚĨńĺĶŃĭŋŀŋĮĔĶĦƢĪňŗœĴƞ
ĞŘņĔńĬ 



 12 
 

  

 

ĳŅıĪňŗȮ3.1 ĶŌĮŐĭĭėņĕŀŏĝŊŗŀĴĨƞŀĕŀĚȮWi-Fi probe 

ĳŅıĪňŗȮ3.1ȮŏĮƦĬĶŌĮŐĭĭĔŅĶĽƞĚėņĕŀŏĝŊŗŀĴĨƞŀȮWi-Fi probe ĶŃľĺƞŅĚȮĔńĭȮAccess Point ħńĚĬňŘ 
 1. Access Point ĪņĔŅĶĽƞĚĽńĠĠŅĦįƞŅĬėĸŊŗĬĺŇĪĵŋėĺŅĴĩňŗĨŗņŒĬĶŃĵŃĽńŘĬŏıŊŗŀĨĶĺěľŅĪňŗŀĵŌƞŒĬ
ĶŃĵŃ 
 2,ȮŏĮƕħŒĝƟĽńĠĠŅĦȮWi-Fi ĭĬĝƞŀĚĽńĠĠŅĦȮ6.0,//b/g/n ŏıŊŗŀŐĽħĚĨĬŏŀĚőħĵŐĽħĚĕƟŀĴŌĸ 
Mac Address ĕŀĚĨĬŏŀĚħńĚĨŅĶŅĚĪňŗȮ3.1ȮŐĸŃĽƞĚėņĕŀőıĶĭœĮĶŀĭŕĳŅĵŒĬĶŃĵŃőħĵœĴƞĽĬŒěĺƞŅĴňȮ
Access Point ľĶŊŀœĴƞ 
 3. ŏĴŊŗŀȮAccess Point ĨĶĺěıĭŐĸŃœħƟĶńĭėņĶƟŀĚĕŀŐĸƟĺľŅĔĴňėŋĦĽĴĭńĨŇĽŅĴŅĶĩŒĝƟĚŅĬĭĬ

ŏėĶŊŀĕƞŅĵœħƟȮAccess Point ěŃĽƞĚĝŊŗŀĪňŗŏėĶŊŀĕƞŅĵȮľĶŊŀȮSSID (Service Set Identifier) ŒľƟŏľŖĬ 

 4. ľŅĔĨƟŀĚĔŅĶŏĝŊŗŀĴĨƞŀĔńĭȮAccess Point ěŃĽƞĚėņĶƟŀĚĕŀĨĶĺěĽŀĭĽŇĪīŇĭĬĝƞŀĚĽńĠĠŅĦ 

6.0,//b/g/n ŏıŊŗŀŏĮƕħŏĮƦĬĸņħńĭĪňŗȮ0x0001 

 5. Access Point ĨĶĺěĽŀĭĸņħńĭĔŅĶŒĝƟĚŅĬĩŌĔĨƟŀĚȮAccess Point ěŃĨŀĭĽŇĪīŇĔŅĶŒĝƟĚĚŅĬ

ŒľƟŏĮƦĬĸņħńĭĪňŗȮ0x0002ȮĔĶŃĭĺĬĔŅĶĬňŘȮAccess Point ĽŅĴŅĶĩĨĶĺěĽŀĭĽŇĪīŇœħƟıĶƟŀĴĔńĬľĸŅĵŕ

ĽŇĪīŇŒĬŏĺĸŅŏħňĵĺĔńĬȮľŅĔœĴƞįƞŅĬĔŅĶĨĶĺěĽŀĭĽŇĪīŇȮAccess Point ěŃĨŀĭĽĬŀĚĔĸńĭœĮŒľƟĪņĔŅĶĶƟŀĚ

ĕŀĨĶĺěĽŀĭĽŇĪīŇŀňĔėĶńŘĚľĶŊŀœĴƞĔŖěŃĨƟŀĚœĮĶƟŀĚĕŀĔńĭȮAccess Point ĨńĺŀŊŗĬĩƟŅĪņĞŘņŐĸƟĺĵńĚœĴƞįƞŅĬ 
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 6. ŏĴŊŗŀįƞŅĬĔĶŃĭĺĬĔŅĶĨĶĺěĽŀĭĽŇĪīŇȮěŃĽŅĴŅĶĩĽƞĚėņĕŀŏĝŊŗŀĴĨƞŀŏıŊŗŀŒĝƟĚĚŅĬŏėĶŊŀĕƞŅĵȮ

ħƟĺĵĔŅĶĽƞĚĕƟŀĴŌĸĔńĭœĮĵńĚȮAccess Point ĨńĺħńĚĔĸƞŅĺ 

 7. ŏĴŊŗŀœħƟĶńĭėņĕŀŏĝŊŗŀĴĨƞŀȮAccess PointȮěŃĨŀĭĔĸńĭħƟĺĵĔŅĶŒľƟĽŇĪīŇŏĝŊŗŀĴĨƞŀŏėĶŊŀĕƞŅĵĔńĭ

ĬńŘĬ 

 8. ėņĕŀŏĽĶŖěĽĴĭŌĶĦƢĽŅĴŅĶĩŏĝŊŗŀĨƞŀĕƟŀĴŌĸĶŃľĺƞŅĚĔńĭ Access PointȮœħƟ 

ĨŅĶŅĚĪňŗȮ3.1 ĨńĺŀĵƞŅĚȮprobe requests ěŅĔœĮĵńĚȮAccess Point 

Frame Ctrl Duration Destination Source BSSID SEQ SSID FCS 
ź ź ff:ff:ff:ff:ff:ff 84:25:db:d9:28:45 ff:ff:ff:ff:ff:ff ź null ź 
ź ź ff:ff:ff:ff:ff:ff d0:7f:a0:dc:d8:19 ff:ff:ff:ff:ff:ff ź ŴTQŵ ź 

 mac address 84:25:db:d9:28:45 ėŊŀȮprobe requestsȮěŅĔŏėĶŊŗŀĚĪňŗȮ1 ĽƞĚėņĕŀœĮŏĮĸƞŅ
őħĵœĴƞĴňȮAccess Point ĨŀĭĶńĭľĶŊŀľĸŋħěŅĔĶŃĵŃĽńĠĠŅĦȮŐĨƞėƞŅȮmac addressȮ
d0:7f:a0:dc:d8:19ȮĕŀĚŏėĶŊŗŀĚĪňŗȮ2ȮėņĕŀĩŌĔĨŀĭĶńĭőħĵȮAccess Point BSSID = ff:ff:ff:ff:ff:ff ĴňĝŊŗŀȮ
SSIDȮ;ȮŴTQŵȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶĽƞĚ probe requestsȮŀŅěĽƞĚœĮŐĭĭĴňĔŅĶĨŀĭĶńĭěŅĔȮAccess 
Point ľĶŊŀœĴƞĴňĔŅĶĨŀĭĶńĭĔŖœħƟ 

 Wi-Fi Beacon ĔŅĶĽƞĚĽńĠĠŅĦįƞŅĬėĸŊŗĬĺŇĪĵŋėĺŅĴĩňŗĨŗņŒĬĶŃĵŃĽńŘĬȮľĶŊŀĪňŗŏĶňĵĔĔńĬĺƞŅȮ
BluetoothȮĪņĔŅĶĽƞĚĕƟŀĴŌĸŏĮƦĬĝƞĺĚĶŃĵŃŏĺĸŅőħĵĮĶŃĴŅĦȮ100ȮĴŇĸĸŇĺŇĬŅĪňȮĔŅĶĽƞĚěŃœĴƞĨƞŀŏĬŊŗŀĚ
ŏıĶŅŃŏĮƦĬĵƞŅĬėĺŅĴĩňŗĨŗņěņŏĮƦĬĨƟŀĚŒĝƟıĸńĚĚŅĬŒľƟĬƟŀĵȮĽƞĺĬĶŌĮŐĭĭĔŅĶĽƞĚĽńĠĠŅĦěŃĽƞĚěŅĔȮAccess 
Point őħĵĭŀĔĩŉĚĪňŗŀĵŌƞĕŀĚ Access Point ŏıŊŗŀŒľƟĪňŗŀĵŌƞŒĬĶŃĵŃĪĶŅĭĩŉĚȮBSSID ĕŀĚ Access Point 
ŏėĶŊŗŀĚĬńŘĬȮħńĚĳŅıĪňŗȮ3.2 ľŅĔįŌƟŒĝƟĚŅĬĴňėĺŅĴĮĶŃĽĚėƢěŃŏĝŊŗŀĴĨƞŀĽńĠĠŅĦĔńĭȮAccess Point ŏıňĵĚŐėƞ
ĽƞĚėņĕŀŏĝŊŗŀĴĨƞŀěŅĔĴŅĵńĚȮAccess Point ŐĸŃĶŀĔŅĶĨŀĭĔĸńĭȮŏĴŊŗŀėņĕŀœħƟĶńĭĔŅĶĨŀĭĔĸńĭĔŖěŃĪņ
ŒľƟŀŋĮĔĶĦƢĪńŘĚĽŀĚĶŌƟěńĔĔńĬȮŐĸŃĽŅĴŅĶĩĽŊŗŀĽŅĶĔńĬœħƟȮőħĵĪňŗœĴƞĨƟŀĚĶŌƟěńĔĔńĬĴŅĔƞŀĬ 
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ĳŅıĪňŗȮ3.2 ĶŌĮŐĭĭĔŅĶĽƞĚĽńĠĠŅĦĶŃĵŃĽńŘĬĕŀĚȮWi-Fi beacon 

 ĪņŒľƟĶŌĮŐĭĭĔŅĶĽƞĚėņĕŀŏĝŊŗŀĴĨƞŀĕŀĚȮWi-Fi probeȮŐĽħĚĩŉĚĶŌĮŐĭĭĺŇīňĔŅĶĶŃĭŋĨńĺĨĬĕŀĚ
ŀŋĮĔĶĦƢĪňŗĽŅĴŅĶĩĨĶĺěĬńĭœħƟȮľŅĔĽŅĴŅĶĩĶŃĭŋĨĶĺěĬńĭŀŋĮĔĶĦƢœħƟĔŖĽŅĴŅĶĩĬņĴŅŒĝƟŒĬĔŅĶĨĶĺěěńĭ
įŌƟĪňŗĽĬŒěŏĕƟŅĴŅŒĬĽĩŅĬĪňŗœħƟŏĬŊŗŀĚěŅĔĪŋĔėĬĪňŗŏĕƟŅĴŅŒĬĽĩŅĬĪňŗĨƞŅĚıĔĨŇħĨńĺŏĕƟŅĴŅħƟĺĵ 
 

3.2 Raspberry Pi 3 

 ĭŀĶƢħėŀĴıŇĺŏĨŀĶƢĕĬŅħŏĸŖĔĪňŗĽŅĴŅĶĩŏĝŊŗŀĴĨƞŀĔńĭěŀĴŀĬŇŏĨŀĶƢȮėňĵƢĭŀĶƢħȮŐĸŃŏĴŅĽƢœħƟȮ
ĽŅĴŅĶĩĬņĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶĪņőėĶĚĚŅĬĪŅĚħƟŅĬŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮĔŅĶŏĕňĵĬőĮĶŐĔĶĴȮľĶŊŀŏĮƦĬ
ŏėĶŊŗŀĚėŀĴıŇĺŏĨŀĶƢĨńŘĚőĨƠŃĕĬŅħŏĸŖĔȮœĴƞĺƞŅěŃŏĮƦĬĔŅĶĪņĚŅĬȮSpreadsheet Word Processing ĪƞŀĚ
ŀŇĬŏĪŀĶƢŏĬŖĨȮĽƞĚŀňŏĴĸȮľĶŊŀŏĸƞĬŏĔĴĽƢȮŀňĔĪńŘĚĵńĚĽŅĴŅĶĩŏĸƞĬœĲĸƢĺňħňőŀėĺŅĴĸŃŏŀňĵħĽŌĚȮ&High-
Definition) œħƟ 
ȮȮȮȮȮȮȮȮȮĭŀĶƢħȮRaspberry Pi ĶŀĚĶńĭĶŃĭĭĮĢŇĭńĨŇĔŅĶĸŇĬŋĔĞƢȮ&Linux Operating System) œħƟľĸŅĵ
ĶŃĭĭȮŏĝƞĬȮRaspbian (Debian) Pidora (Fedora) ŐĸŃȮArch Linux ŏĮƦĬĨƟĬȮőħĵĨŇħĨńŘĚĭĬȮSD Card 
ĭŀĶƢħȮRaspberry Pi ĬňŘĩŌĔŀŀĔŐĭĭĴŅŒľƟĴňȮCPU GPU ŐĸŃȮRAM ŀĵŌƞĳŅĵŒĬĝŇĮŏħňĵĺĔńĬȮĴňěŋħ
ŏĝŊŗŀĴĨƞŀȮGPIO ŒľƟįŌƟŒĝƟĽŅĴŅĶĩĬņœĮŒĝƟĶƞĺĴĔńĭŀŋĮĔĶĦƢŀŇŏĸŖĔĪĶŀĬŇĔĽƢŀŊŗĬŕȮœħƟ 
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ėŋĦĽĴĭńĨŇĪŅĚŏĪėĬŇėĕŀĚĭŀĶƢħȮ 
 ĭŀĶƢħȮRaspberry Pi 3 ĮƤěěŋĭńĬĴňȮ0ȮőĴŏħĸȮėŊŀȮőĴŏħĸȮA ŐĸŃȮőĴŏħĸȮB ĞŉŗĚĪńŘĚȮ0ȮőĴŏħĸĴň
ėŋĦĽĴĭńĨŇĪŅĚŏĪėĬŇėĪňŗŒĔĸƟŏėňĵĚĔńĬȮŐĨĔĨƞŅĚĔńĬŏıňĵĚĭŅĚĽƞĺĬȮĶŅĵĸŃŏŀňĵħħńĚĨŅĶŅĚĪňŗȮ3.2 

ĨŅĶŅĚĪňŗȮ3.2ȮėŋĦĽĴĭńĨŇĪŅĚŏĪėĬŇėĕŀĚȮRaspberry Pi ĪńŘĚȮőĴŏħĸȮA ŐĸŃȮőĴŏħĸȮB 

Technical Data őĴŏħĸ A őĴŏħĸ B 
System on a chip 
(SoC) 

Broadcom BCM2835(CPU, GPU, DSP, SDRAM and Single USB 
Port) 

CPU 700MHz ARM1176JZF-S core (ARM11 family, ARMv6 
instruction set) 

GPU Broadcom Video Core IV @ 250 MHz OpenGL ES 2.0 (24 
GFLOPS) MPEG-2 and VC-1, 1080p 30 h.264/MPEG-4 AVC 
high-profile decoder and encoder  

Memory (SDRAM) 256 MB (Shared with GPU) 512 MB (Shared with GPU) 
USB 2.0 Ports  1(direct form BCM2835) 2 (via the build in integrated 3-

port USB hub) 
Video Input A CSI input connector allows for the connection of RPF 

designed camera module (ŀŀĔŐĭĭĴŅŒľƟŏĝŊŗŀĴĨƞŀĔńĭȮRaspberry 
Pi Camera Module őħĵŏĜıŅŃ'  

Video Outputs Composite RCA (PAL and NTSC), HDMI (rev 1.3 & 1.4), raw 
LCD Panels via DSI 14 HDMI resolutions from 640×350 to 
1920×1200 plus various PAL and NTSC standards (ĴňĪńŘĚĽŀĚ
ŐĭĭȮėŊŀȮŐĭĭȮRCA ŐĸŃŐĭĭȮHDMI)  
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ĨŅĶŅĚĪňŗȮ3.2 &Ĩƞŀ' 

Technical Data őĴŏħĸ A őĴŏħĸ B 
Audio Outputs 3.5 mm jack, HDMI, and as of revision 2 boards, I2S audio 

(also potentially for audio input)  
Onboard storage SD/ MMC/ SDIO card slot (3.3V card power support only)  
Onboard network None 10/100 Ethernet (8P8C) USB 

adapter on the third port of 
the USB hub 

Low-level peripherals 
Low-level peripherals 

8 x GPIO, UART, I2C Bus, SPI Bus with two chip selects, I2S 
audio +3.3V, +5V, Ground  

Power ratings 300 mA (1.5 W) 700 mA (3.5 W) 
Power source 5 Volt via Micro USB or GPIO header  
Size 85.60 mm x 53. Mm (3.370 inch x 2.125 inch)  
Weight 45 g. (1.6 oz.) 

 

 

ĳŅıĪňŗȮ3.3 őėĶĚĽĶƟŅĚĭŀĶƢħȮRaspberry Pi ĪńŘĚȮ2 őĴŏħĸ 
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ĳŅıĪňŗȮ3.4 ĽƞĺĬĮĶŃĔŀĭĕŀĚĭŀĶƢħȮRaspberry Pi (Model B) 

 /,ȮıŀĶƢĨȮGPIO (General purpose input/output) ĞŉŗĚŒĬőĴŏħĸȮA ŐĸŃȮB (Revision 1) 
ĪŋĔȮPin ěŃŏľĴŊŀĬĔńĬȮŐĨƞőĴŏħĸȮB (Revision 2) ěŃŐĨĔĨƞŅĚĔńĬȮĶŅĵĸŃŏŀňĵħħńĚĳŅıĪňŗȮ3.5 ŐĸŃȮĳŅı
ĪňŗȮ3.6 

 

ĳŅıĪňŗȮ3.5 Raspberry Pi Model A & B (Revision 1) 
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ĳŅıĪňŗȮ3.6 Raspberry Pi Model B (Revision 2) 

 2. ıŀĶƢĨŏĝŊŗŀĴĨƞŀĽńĠĠŅĦĳŅıŀŀĔŐĭĭȮRCA ĨńĺŀĵƞŅĚĕŀĚĽŅĵĪňŗŏĝŊŗŀĴĨƞŀ  

 3. ěŋħŏĝŊŗŀĴĨƞŀĽńĠĠŅĦŏĽňĵĚĕĬŅħȮ3.5ȮĴŇĸĸŇŏĴĨĶ 

 4. LED ŐĽħĚĽĩŅĬŃĕŀĚĭŀĶƢħȮŀĵŌƞĳŅĵŒĬĭĶŇŏĺĦĔĶŀĭĽňŐħĚȮħńĚĳŅıĪňŗȮ3.7 

 

ĳŅıĪňŗȮ3.7 LED ŐĽħĚĽĩŅĬŃĕŀĚĭŀĶƢħ 
 

  4.1 ACT ėŊŀȮœĲĽĩŅĬŃȮSD Card Access (Ľňŏĕňĵĺ' 

  4.2 PWR ėŊŀȮœĲĽĩŅĬŃȮ3.3V Power (ĽňŐħĚ' 
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  4.3 FDX ėŊŀȮœĲĽĩŅĬŃȮFull Duplex LAN Model B (Ľňŏĕňĵĺ' 

  4.4 LNK ėŊŀȮœĲĽĩŅĬŃȮLink/Activity LAN Model B (Ľňŏĕňĵĺ' 

  4.5 100ȮėŊŀȮœĲĽĩŅĬŃȮ10/100Mbps LAN Model B (ĽňŏľĸŊŀĚ'Ȯ 

 5. ĝŇĮėĺĭėŋĴȮLAN (LAN Controller) 

 6. ıŀĶƢĨȮUSB 2.0ȮěņĬĺĬȮ2ȮıŀĶƢĨ 

 7. ıŀĶƢĨȮRJ-45 Ethernet LAN 10/100Mbps 

 8. ıŀĶƢĨȮCSI (Camera Serial Interface) ĽņľĶńĭŏĝŊŗŀĴĨƞŀőĴħŌĸĔĸƟŀĚħńĚĳŅıĪňŗȮ3.8ȮŐĽħĚ

ĨńĺŀĵƞŅĚőĴħŌĸĔĸƟŀĚ 

 

 

ĳŅıĪňŗȮ3.8 Raspberry PI Camera Module 
 

 9. ıŀĶƢĨȮHDMI ĽņľĶńĭŏĝŊŗŀĴĨƞŀĽńĠĠŅĦĳŅıŐĸŃŏĽňĵĚȮĨńĺŀĵƞŅĚĽŅĵȮHDMI ŐĸŃĨńĺŐĮĸĚȮ

HDMI to VGA  

 10. ĝŇıȮBroadcom BCM2835 ARM11 700MHz 

 11. ıŀĶƢĨȮMicro USB Power ĽņľĶńĭŏĮƦĬœĲŏĸňŘĵĚĺĚěĶĭŀĶƢħȮRaspberry Pi 

 12. ıŀĶƢĨȮDSI (Display Serial Interface) ŒĝƟĽņľĶńĭĨƞŀěŀŐĽħĚįĸȮŏĝƞĬȮěŀŐĽħĚįĸŐĭĭȮ

TFT Touch Screen ŏĮƦĬĨƟĬ 

 13. ĝƞŀĚŏĽňĵĭȮSD Card ŀĵŌƞĭĶŇŏĺĦħƟŅĬĸƞŅĚĕŀĚĭŀĶƢħ 
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3.3 ĶŃĭĭĮĢŇĭńĨŇĔŅĶ  

ĶŃĭĭĮĢŇĭńĨŇĔŅĶĪňŗŒĝƟĔńĭĶƞĺĴĔńĭĭŀĶƢħȮRaspberry Pi 3 ŏĮƦĬĶŃĭĭĮĢŇĭńĨŇĔŅĶȮKali Linux 

 Kali Linux ėŊŀ ĶŃĭĭĮĢŇĭńĨŇĔŅĶĕŀĚȮLinux ĨńĺľĬŉŗĚĪňŗŏĮƦĬȮOpen-Source SoftwareȮ

ĽŅĴŅĶĩħŅĺĬƢőľĸħŒĝƟĚĚŅĬœħƟĲĶňȮĽŅĴŅĶĩĨŇħĨńŘĚĭĬȮRaspberry Pi 3 œħƟȮőħĵĴňŏėĶŊŗŀĚĴŊŀľĸŅĔľĸŅĵ

ŒľƟŏĸŊŀĔŒĝƟĚŅĬȮŏĝƞĬȮArmitage ŏĮƦĬŏėĶŊŗŀĚĴŊŀěńħĔŅĶĔŅĶőěĴĨňĪŅĚœĞŏĭŀĶƢĔĶŅĲƕĔ Nmap ŏėĶŊŗŀĚĽŐĔĬ

ıŀĶƢĨȮWireshark ŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢŐıŖĔŏĔěȮOWASP ZAP ŏėĶŊŗŀĚĽŐĔĬėĺŅĴĮĸŀħĳńĵĽņľĶńĭŏĺŖĭ

ŐŀĮıĸŇŏėĝńĬȮŐĸŃȮAirmon-ng ŏĮƦĬŏėĶŊŗŀĚĴŊŀĪňŗĽĬŒěŒĬĔŅĶŀŀĔŐĭĭĶŃĭĭŏĬŊŗŀĚěŅĔĽŅĴŅĶĩŀƞŅĬ

ŐıŖĔŏĔěȮĕƟŀĴŌĸĶŃľĺƞŅĚĔńĭĨńĺĔĶŃěŅĵĽńĠĠŅĦȮWi-Fi œħƟ  

ĔŅĶĨŇħĨńŘĚĭĬ Raspberry Pi 3 

1. ħŅĺĬƢőľĸħȮhttps://www.kali.org/get-kali/#kali-arm ŏĸŊŀĔ version ĪňŗŒĝƟĭĬȮRaspberry 

Pi 3Ȯ 

2. ŐĨĔœĲĸƢȮzip ŀŀĔĴŅȮěŃœħƟœĲĸƢ image ŒľƟĪņĔŅĶȮwrite image ĬňŘĸĚȮmicro SD Card ĪňŗȮ

Raspberry Pi 3 ŒĝƟĚŅĬȮőħĵŒĝƟőĮĶŐĔĶĴȮWin32 Disk Image 

 

ĳŅıĪňŗȮ3.9 Micro SD Card 16GB SANDISK ULTRA 

 

ĳŅıĪňŗȮ3.10 őĮĶŐĔĶĴȮWin32 Disk Image 
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3. ěŅĔĬńŘĬĬņȮmicro SD Card ŏĽňĵĭĔńĭȮRaspberry Pi 3 ŐĸŃŏĮƕħŏėĶŊŗŀĚěŃœħƟȮKali Linux ŒľƟȮ

log in ŏĕƟŅœĮȮĮĶńĭŐĨƞĚŒľƟıĶƟŀĴŒĝƟĚŅĬȮŏĽĶŖěĽŇŘĬĔŅĶĨŇħĨńŘĚ 

 

ĳŅıĪňŗȮ3.11 ĔŅĶĨŇħĨńŘĚȮmicro SD CardȮĭĬȮRaspberry Pi 3 
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ĭĪĪňŗȮ4 

ĺŇīňħņŏĬŇĬĔŅĶĺŇěńĵ 
 įĸĔŅĶĮĶŃŏĴŇĬĔŅĶĪħĸŀĚĔŅĶŒĝƟĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶĨĶĺěěńĭěņĬĺĬėĬŒĬ
ĽĩŅĬĪňŗĨƞŅĚȮŕȮĪňŗœħƟěŅĔĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅȮőħĵĴňįĸħņŏĬŇĬĚŅĬŐĸŃĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸŏıŊŗŀŒĝƟŒĬ
ĔŅĶľŅĨņŐľĬƞĚŐĸŃĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗȮĞŉŗĚŐĽħĚŏĮƦĬĸņħńĭħńĚĬňŘ 
 4.1 ŏėĶŊŗŀĚĴŊŀŒĝƟŒĬĔŅĶĪħĸŀĚ 
 4.2 ĔŅĶŀŀĔŐĭĭȮŐĸŃĔŅĶŏĝŊŗŀĴĨƞŀŀŋĮĔĶĦƢ 
 4.3 ĺŇīňĔŅĶĪħĸŀĚ 
  4.3.1ȮĮĶŃŏĴŇĬįĸĔŅĶŒĝƟŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦȮWi-Fi probe 
   4.3.1.1ȮĶŃĵŃĪŅĚŒĬĔŅĶěńĭĽńĠĠŅĦȮWi-Fi probe 
   4.3.1.2ȮėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŏĴŊŗŀŏĪňĵĭĔńĭĶŃĵŃĪŅĚ 
   4.3.1.3ȮĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬ 
   4.3.1.4ȮĮĶŇĴŅĦĕƟŀĴŌĸĪňŗěńħŏĔŖĭ 
   4.3.1.5ȮĪħĸŀĚŏĔŖĭĕƟŀĴŌĸĽńĠĠŅĦȮWi-Fi probe ěŅĔĽĩŅĬĪňŗĪħĸŀĚ 
  4.3.2ȮĮĶŃŏĴŇĬįĸĔŅĶŒĝƟŀŋĮĔĶĦƢěńĭĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶľŅĨņŐľĬƞĚĕŀĚ
ĽńĠĠŅĦŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗ 
 
4,/ȮŏėĶŊŗŀĚĴŊŀŒĝƟŒĬĔŅĶĪħĸŀĚ 
 2,1./ȮŏėĶŊŗŀĚĴŊŀħƟŅĬŁŅĶƢħŐĺĶƢ 

  2.1,/,/ Raspberry Pi 3 Model BȮŏĮƦĬŏėĶŊŗŀĚėŀĴıŇĺŏĨŀĶƢĕĬŅħŏĸŖĔĬņĴŅŒĝƟŏĮƦĬ
ŏĪėőĬőĸĵňŒĬĔŅĶĭńĬĪŉĔĕƟŀĴŌĸœĮĵńĚľĬƞĺĵŏĔŖĭĕƟŀĴŌĸȮ&Memory' 

 

ĳŅıĪňŗȮ4.1 Raspberry Pi 3 Model B 

  2.1,/,0 Wireless USB Adapter D-LINK (DWA-123) N150ȮŏĮƦĬȮUSB Wi-Fi 
ĶŀĚĶńĭȮWireless N /3.Mbps ŒĝƟĽņľĶńĭėŀĴıŇĺŏĨŀĶƢĨńŘĚőĨƠŃȮľĶŊŀőĬƟĨĭŋƠĔ 
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ĳŅıĪňŗȮ4.2 Wireless USB Adapter D-LINK (DWA-123) N150 

 2,0.1ȮŏėĶŊŗŀĚĴŊŀħƟŅĬĞŀĲĨƢŐĺĶƢ 

  2,0,1./ȮĶŃĭĭĮĢŇĭńĨŇĔŅĶĽņľĶńĭȮRaspberry Pi 1 Kali Linux ŏĮƦĬ
ĶŃĭĭĮĢŇĭńĨŇĔŅĶĦƢĸŇĬŋĔĞƢȮ&Linux) ĨńĺľĬŉŗĚĕŀĚėŀĴıŇĺŏĨŀĶƢĞŉŗĚĴňıŊŘĬģŅĬĭĬĸŇĬŋĔĞƢħŇĽĪĶŇĭŇĺĝńĬĪňŗıńĥĬŅ
ĨƞŀĴŅěŅĔŏħŏĭňĵĬ ŒĝƟŏĮƦĬĶŃĭĭĮĢŇĭńĨŇĔŅĶŒĬĔŅĶĨŇħĨƞŀĽŊŗŀĽŅĶĶŃľĺƞŅĚȮD-Link DWA-123 Wireless 
N 150 USB AdapterȮĔńĭȮRaspberry Pi 3 Model B 
  2,0,1.0ȮőĮĶŐĔĶĴȮWin10DiskImager 
  2,0,1.1ȮőĮĶŐĔĶĴĳŅļŅȮPython ŏĮƦĬĳŅļŅőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĶŃħńĭĽŌĚȮőħĵĩŌĔ
ŀŀĔŐĭĭĴŅŒľƟŏĮƦĬĳŅļŅĽėĶŇĮĨƢĪňŗŀƞŅĬĚƞŅĵȮőħĵĨńħėĺŅĴĞńĭĞƟŀĬĕŀĚőėĶĚĽĶƟŅĚŐĸŃœĺĵĔĶĦƢĕŀĚĳŅļŅ
ŀŀĔœĮȮŒĬĽƞĺĬĕŀĚĔŅĶŐĮĸĚĝŋħėņĽńŗĚĪňŗŏĶŅŏĕňĵĬŒľƟŏĮƦĬĳŅļŅŏėĶŊŗŀĚȮPython ĴňĔŅĶĪņĚŅĬŐĭĭȮ
Interpreter ėŊŀŏĮƦĬĔŅĶŐĮĸĝŋħėņĽńŗĚĪňĸŃĭĶĶĪńħȮŏıŊŗŀĮƚŀĬŏĕƟŅĽŌƞľĬƞĺĵĮĶŃĴĺĸįĸŒľƟėŀĴıŇĺŏĨŀĶƢ
ĪņĚŅĬĨŅĴĪňŗŏĶŅĨƟŀĚĔŅĶȮĬņĴŅĮĶŃĵŋĔĨƢŒĝŏĮƦĬŏėĶŊŗŀĚĴŊŀŒĬĔŅĶŏĕňĵĬőĮĶŐĔĶĴĽńŗĚŒľƟĶŃĭĭĮĢŇĭńĨŇĔŅĶ
ĪņĔŅĶĽņĶĺěĕƟŀĴŌĸĪňŗĽŊŗŀĽŅĶĔńĭĨńĺĔĶŃěŅĵĽńĠĠŅĦŏıŊŗŀŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸȮįŌƟŒľƟĭĶŇĔŅĶ, SSID, MAC 
ĮĸŅĵĪŅĚ, MAC ĨƟĬĪŅĚȮŐĸŃȮBSSIDȮœĮĵńĚľĬƞĺĵŏĔŖĭĕƟŀĴŌĸŐĸƟĺħŉĚĕƟŀĴŌĸĴŅĮĶŃĴĺĸįĸĨƞŀœĮȮ 
  2,0,1.2ȮőĮĶŐĔĶĴȮScapy ŏĮƦĬőĮĶŐĔĶĴĪňŗŒĝƟĳŅļŅȮPython ıńĥĬŅĕŉŘĬĴŅŏıŊŗŀŒĝƟŏĮƦĬ
ŏėĶŊŗŀĚĴŊŀŒĬĔŅĶėƟĬľŅŏėĶŊŀĕƞŅĵȮěńħĔŅĶŐıŖĔŏĔěȮľĶŊŀĩŀħĶľńĽěņĬĺĬĴŅĔĪňŗĽƞĚœĮĴŅĶŃľĺƞŅĚĨńĺĶńĭ
ŐĸŃĨńĺĽƞĚĭĬŏėĶŊŀĕƞŅĵ 
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ĳŅıĪňŗȮ4.3 ĶŌĮŐĭĭĔŅĶěńħĔŅĶĕŀĚőĮĶŐĔĶĴȮScapy 

  2,0,1.3ȮĽėĶŇĮĨƢėņĽńŗĚȮProbemon ŏĮƦĬĽėĶŇĮĨƢėņĽńŗĚȮPython ĪňŗŒĝƟĚŅĬėĺĭėŌƞĔńĭȮ
ScapyȮŏıŊŗŀŒĝƟŒĬĔŅĶĭńĬĪŉĔȮ6.0,//Ȯprobe frameȮŒĬĝƞĺĚŏĺĸŅĪňŗŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦĪňŗŏĕƟŅĴŅ
ŀĵŌƞĳŅĵŒĬŏėĶŊŀĕƞŅĵĕŀĚŀŋĮĔĶĦƢ 

4,0ȮĔŅĶŀŀĔŐĭĭȮŐĸŃĔŅĶŏĝŊŗŀĴĨƞŀŀŋĮĔĶĦƢ 

 4.2.1 ĔŅĶŀŀĔŐĭĭŀŋĮĔĶĦƢěńħŏĔŖĭĕƟŀĴŌĸȮőħĵĽĬŒěĕƟŀĴŌĸȮMAC Address ĕŀĚŏėĶŊŗŀĚĪňŗĮĸƞŀĵ
ĽńĠĠŅĦȮWi-Fi probe ŀŀĔĴŅȮŐĸŃĩŌĔĨĶĺěěńĭħƟĺĵĽėĶŇĮĨƢėņĽńŗĚȮProbemon 
 

 

ĳŅıĪňŗȮ4.4 ĶŌĮŐĭĭĔŅĶŐĽħĚįĸħƟĺĵĽėĶŇĮĨƢėņĽńŗĚȮProbemon 



 25 
 

  

 ěŅĔĨńĺŀĵƞŅĚĳŅıĪňŗȮ4.4 ŏĮƦĬĶŌĮŐĭĭĔŅĶŐĽħĚįĸĕŀĚĽėĶŇĮĨƢėņĽńŗĚȮProbemonȮĪňŗĩŌĔĭńĬĪŉĔ
ĸĚľĬƞĺĵėĺŅĴěņȮőħĵĴňĔŅĶŏĔŖĭĕƟŀĴŌĸȮħńĚĬňŘȮ 
 ľĴŅĵŏĸĕȮ1 ėŊŀȮĺńĬĪňŗŐĸŃŏĺĸŅȮ 
 ľĴŅĵŏĸĕȮ2 ėŊŀ Mac Address ĕŀĚĪňŗĨĶĺěěńĭœħƟȮ 
 ľĴŅĵŏĸĕȮ3 ėŊŀ ĝŊŗŀĕŀĚĨńĺĔĶŃěŅĵĽńĠĠŅĦ Wi-Fi ĭĬŀŋĮĔĶĦƢȮőħĵľŅĔŀŋĮĔĶĦƢĴňĝŊŗŀěŃ
ĮĶŅĔĢĝŊŗŀĪňŗĨĶĺěěńĭœħƟȮĽƞĺĬĭŅĚŀŋĮĔĶĦƢœĴƞĽŅĴŅĶĩŏĕƟŅĩŉĚĝŊŗŀľĶŊŀœĴƞĴňĝŊŗŀĕŀĚĨńĺŀŋĮĔĶĦƢĶŃĭĭĔŖěŃ
ŐĽħĚĕƟŀėĺŅĴĺƞŅ UNKNOWN 
 ľĴŅĵŏĸĕȮ4 ėŊŀ ĝŊŗŀȮSSID (Service Set Identifier) ĕŀĚĨńĺĔĶŃěŅĵĽńĠĠŅĦȮWi-Fi 
 ľĴŅĵŏĸĕȮ5 ėŊŀ RSSI (Received Signal Strength Indicator) ŏĮƦĬėƞŅėĺŅĴŐĶĚĕŀĚ
ĽńĠĠŅĦĴňľĬƞĺĵŏĮƦĬȮdBm 
 

 

ĳŅıĪňŗȮ4.5 ĔŅĶŐĽħĚįĸĔŅĶŀƞŅĬėƞŅȮMac Address ĕŀĚȮA Ĕńĭ B 

 ěŅĔĨńĺŀĵƞŅĚĳŅıĪňŗȮ4.5ȮŏĮƦĬĔŅĶŐĽħĚįĸĔŅĶŀƞŅĬėƞŅȮMac Address ĕŀĚȮA ĔńĭȮBȮőħĵȮA ěŃ
ĴňȮMac Address ėŊŀȮ84:25:db:d9:28:45 ŐĸŃȮȮB ěŃĴňȮMac Address ėŊŀ d0:7f:a0:dc:d8:19 ĪńŘĚ
ĽŀĚŏėĶŊŗŀĚĩŌĔĨĶĺěěńĭħƟĺĵĽėĶŇĮĨƢėņĽńŗĚȮProbemon 
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 4.2.2 ĶŌĮŐĭĭĔŅĶŏĝŊŗŀĴĨƞŀŀŋĮĔĶĦƢŏıŊŗŀŒĝƟŒĬĔŅĶěńħŏĔŖĭĕƟŀĴŌĸȮŐĸŃĔŅĶĬņŀŋĮĔĶĦƢĪňŗŏĝŊŗŀĴĨƞŀ
ŐĸƟĺœĮĺŅĚĪħĽŀĭŒĬĨņŐľĬƞĚĽĩŅĬĪňŗĪňŗĨƟŀĚĔŅĶŏĔŖĭĕƟŀĴŌĸ 

 

ĳŅıĪňŗȮ4.6 ĔŅĶŏĝŊŗŀĴĨƞŀŀŋĮĔĶĦƢŀŋĮĔĶĦƢĨĶĺěěńĭ 

 

ĳŅıĪňŗȮ4.7 ĶŌĮŐĭĭĽĩŅĮƤĨĵĔĶĶĴĔŅĶĺŅĚŀŋĮĔĶĦƢĨĶĺěěńĭ 
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4,1ȮĺŇīňĔŅĶĪħĸŀĚ 

 2,1,/ȮĮĶŃŏĴŇĬįĸĔŅĶŒĝƟŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦȮWi-Fi probe 
 ĔŅĶĪħĸŀĚĮĶŃŏĴŇĬįĸĔŅĶŒĝƟŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦȮWi-Fi probeȮŏĮƦĬĔŅĶŒĝƟĔŅĶ
ĮĶŃŏĴŇĬįĸħƟĺĵĨńĺĶńĭĽńĠĠŅĦŏıňĵĚŐėƞȮ1 ĨńĺŒĬĔŅĶĪħĸŀĚȮőħĵŐĭƞĚĔŅĶĪħĸŀĚŀŀĔŏĮƦĬȮ4 ĔŅĶ
ĪħĸŀĚħńĚĬňŘ 
  4.3.1.1ȮĶŃĵŃĪŅĚŒĬĔŅĶěńĭĽńĠĠŅĦȮWi-Fi probe ĔŅĶĪħĸŀĚőħĵŒĝƟėĺŅĴŐĶĚ
ĕŀĚĽńĠĠŅĦĕŀĚȮUSB Wi-Fi ŐĨƞĸŃĶŋƞĬĬņĴŅŏĮĶňĵĭŏĪňĵĭŏĮƦĬĶŃĵŃĪŅĚȮŏĬŊŗŀĚěŅĔĔŅĶĨĶĺěěńĭěņĬĺĬ
ėĬŒĬıŊŘĬĪňŗěņŏĮƦĬĨƟŀĚĶŃĭŋĶŃĵŃĕŀĚĨńĺĔĶŃěŅĵĽńĠĠŅĦŏıŊŗŀŒľƟėĶŀĭėĸŋĴĔńĭıŊŘĬĪňŗĪňŗŏĮƦĬŏĮƚŅľĴŅĵ
ĨńĺĶńĭĽńĠĠŅĦĨƟŀĚœĴƞŐėĭľĶŊŀĔĺƟŅĚěĬŏĔŇĬœĮȮőħĵĺŇīňĔŅĶĪħĸŀĚěŃŒĝƟŀŋĮĔĶĦƢŏĮĶňĵĭŏĪňĵĭħńĚĬňŘ 
   4.3.1.1.1 USB Wi-FiȮŏĸŊŀĔŒĝƟŒĬĔŅĶĪħĸŀĚĪńŘĚľĴħȮ1ȮĶŋƞĬȮėŊŀȮALFA 
AWUS036NEH Wireless USB*ȮWireless USB Adapter D-LINK (DWA-123) N150ȮŐĸŃȮTENDA 
WIRELESS USB ADAPTER N300 (TD-W322UA)ȮŏĬŊŗŀĚěŅĔŏĮƦĬĨńĺĶńĭĽńĠĠŅĦĪňŗĴňĶŅėŅœĴƞĽŌĚĴŅĔ
ŐĸŃĽŅĴŅĶĩĨĶĺěěńĭĽńĠĠŅĦœħƟħň 
   1) ALFA AWUS036NEH Wireless USB ŏĮƦĬŀŋĮĔĶĦƢȮUSB Wi-Fi 
Adapter ALFA ĶŋƞĬȮAWUS036NEH ŒĝƟĽņľĶńĭĶńĭĽńĠĠŅĦȮŐĸŃŏĝŊŗŀĴĨƞŀĶŃĭĭŏėĶŊŀĕƞŅĵŐĭĭœĶƟĽŅĵȮ
ėĺŅĴŏĶŖĺĽŌĚȮ150Mbps (IEEE 802.11b/g/n) 

 

ĳŅıĪňŗȮ4.8 ALFA AWUS036NEH Wireless USB 
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ĨŅĶŅĚĪňŗȮ4.1 ėŋĦĽĴĭńĨŇĪŅĚŏĪėĬŇėĕŀĚȮALFA AWUS036NEH Wireless USB 

Product Specification 

  ŒĝƟȮChipset RT3070 

  ĴŅĨĶģŅĬ FCC Part 15.247 for US, ETS 300 328 for Europe 

Antenna Detachable 5dBi (RP-SMA) ĽŅĴŅĶĩŏĮĸňŗĵĬŏĽŅœħƟ 

Interface USB 2.0 

Security 64/128-bit WEP, WPA, WPA2, TKIP, AES 

OS Windows 2000, XP 32/64, Vista 32/64, Windows 7, Linux 
(2.4.x/2.6.x), Mac (10.4.x/10.5.x/10.6.x) Power PC& PC. 

 
   2) Wireless USB Adapter D-LINK (DWA-123) N150ȮŏĮƦĬȮUSB Wi-Fi 
ĶŀĚĶńĭȮWireless N /3.Mbps ŒĝƟĽņľĶńĭėŀĴıŇĺŏĨŀĶƢĨńŘĚőĨƠŃȮľĶŊŀőĬƟĨĭŋƠĔ 
 

 

ĳŅıĪňŗȮ4.9 Wireless USB Adapter D-LINK (DWA-123) N150 
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ĨŅĶŅĚĪňŗȮ4.2 ėŋĦĽĴĭńĨŇĪŅĚŏĪėĬŇėĕŀĚȮWireless USB Adapter D-LINK (DWA-123) N150 

SYSTEM 
REQUIREMENTS 

Windows XP SP3, Vista, or 7 
CD-ROM drive 
20 MB hard disk space 
Available USB port 

STANDARDS IE 802.11n 
IE 802.11g 
IE 802.11b 
USB 2.0 

FREQUENCY RANGE 2.4 GHz to 2.4835 GHz 
ANTENNA Integrated antenna 
SECURITY 64/128-bit WEP data encryption 

Wi-Fi Protected Access (WPA & WPA2) 
DIMENSIONS (L x W x 
H) 

65 x 23 x 12 mm (2.6 x 0.9 x 0.5 inches) 

 
   3) TENDA WIRELESS USB ADAPTER N300 (TD-W322UA) ŏĮƦĬȮUSB 
Wi-Fi ĪňŗĴňŏĽŅŐĭĭĨŇħĨńŘĚĳŅĵĬŀĔȮěņĬĺĬȮ2 ŏĽŅȮ3 dBi ĪņĚŅĬŐĭĭȮ2x2 ĶńĭŐĸŃĽƞĚŒĬŏĺĸŅŏħňĵĺĔńĬ
ĶŀĚĶńĭĽńĠĠŅĦŏĜıŅŃĽńĠĠŅĬȮ0,2ȮG 
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ĳŅıĪňŗȮ4.10 TENDA WIRELESS USB ADAPTER N1..Ȯ&TD-W100UA) 

ĨŅĶŅĚĪňŗȮ4.3 ėŋĦĽĴĭńĨŇĪŅĚŏĪėĬŇėĕŀĚȮTENDA WIRELESS USB ADAPTER N1..Ȯ&TD-W100UA) 

STANDARDS ĶŀĚĶńĭĴŅĨĶģŅĬȮIEEE6.0,//b/g/n ėĺŅĴŏĶŖĺŒĬĔŅĶ
ŏĝŊŗŀĴĨƞŀĽŌĚĽŋħĪňŗȮ1..Mbps 
ĶŀĚĶńĭĔŅĶŏĝŊŗŀĴĨƞŀĔńĭȮHiDEF Player 

SYSTEM REQUIREMENTS Windows 76-SE/0...-0..1-NT/XP/Vista/5ȮŐĸŃȮ
Linux/MAC OS X 

Chipset Ralink 
 
  4.3.1.1.2 Mobile PhoneȮŏĸŊŀĔŒĝƟĪńŘĚľĴħěņĬĺĬȮ0ȮĶŋƞĬȮėŊŀȮSamsung galaxyȮ
CooperȮŐĸŃȮSamsung galaxy tab 7ȮŏĬŊŗŀĚěŅĔŏĮƦĬŀŋĮĔĶĦƢĪňŗŀĵŌƞŒĬėƞŅĵŏħňĵĺĔńĬĨƞŅĚĔńĬŏıňĵĚŐėƞĶŋƞĬ
ĕŀĚŀŋĮĔĶĦƢȮŏıŊŗŀŏıŇŗĴėĺŅĴŐĴƞĬĵņŒĬĔŅĶĪħĸŀĚ 
   1) Samsung galaxyȮĶŋƞĬȮCooper ŏĮƦĬőĪĶĻńıĪƢĴŊŀĩŊŀĪňŗĴňĶŃĭĭĮĢŇĭńĨŇĔŅĶȮ
AndroidȮĶŀĚĶńĭĔŅĶŏĝŊŗŀĴĨƞŀȮWi-Fi 6.0,//n, Bluetooth 0,/ 
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ĳŅıĪňŗȮ4.11 Samsung galaxyȮĶŋƞĬȮCooper 

   2) Samsung galaxy ĶŋƞĬȮtab 7ȮŏĮƦĬŐĪŖĭŏĸŖĨĪňŗĴňĶŃĭĭĮĢŇĭńĨŇĔŅĶȮ
AndroidȮĶŀĚĶńĭĔŅĶŏĝŊŗŀĴĨƞŀȮWi-Fi (6.0,//Ȯb/g/n) + DLNA, Mobile Hotspot, Bluetooth 
v1,. 

 

ĳŅıĪňŗȮ4.12 Samsung galaxy ĶŋƞĬȮtab 7 
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ĔŅĶĪħĸŀĚȮĨńŘĚŀŋĮĔĶĦƢĨĶĺěěńĭĪňŗĴň USB Wi-Fi ŐĨƞĸŃĵňľƟŀĨŇħĨńŘĚœĺƟŒĬıŊŘĬĪňŗŏĮƕħŐĸƟĺĪņĔŅĶŏħŇĬĨĶĚœĮ
ŒĬıŊŘĬĪňŗőĸƞĚĨŅĴĶŃĵŃĪňŗĔņľĬħȮėŊŀȮ10 ŏĴĨĶȮ50 ŏĴĨĶȮ90 ŏĴĨĶȮŐĸŃȮ130 ŏĴĨĶȮĨŅĴĸņħńĭȮŒĝƟŏĺĸŅŒĬ
ĔŅĶŏħŇĬőħĵŒľƟőĪĶĻńıĪƢĪńŘĚȮ2 ĶŋƞĬŏĮƕħĔŅĶŒĝƟĚŅĬȮWi-Fi ĭĬŀŋĮĔĶĦƢıĶƟŀĴĔńĬĨŅĴĶŃĵŃĪŅĚȮŐĸƟĺŒľƟ
ŀŋĮĔĶĦƢĨĶĺěěńĭĭńĬĪŉĔįĸėĺŅĴŐĶĚĽńĠĠŅĦĪňŗĶŃĵŃĪŅĚĨŅĴĪňŗĔņľĬħœĺƟ 

 

ĳŅıĪňŗȮ4.13 ĔŅĶĺŅĚĶŃĵŃĔŅĶĪħĸŀĚĨĶĺěěńĭĽńĠĠŅĦ 

 

ĳŅıĪňŗȮ4.14 ıŊŘĬĪňŗŒĬĔŅĶĪħĸŀĚĶŃĵŃĔŅĶĨĶĺěěńĭĽńĠĠŅĦ 
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ĳŅıĪňŗȮ4.15 ŐĽħĚĳŅıĭĬȮgoogle map ĕŀĚıŊŘĬĪňŗŒĬĔŅĶĪħĸŀĚĶŃĵŃĔŅĶĨĶĺěěńĭĽńĠĠŅĦ 

  4.3.1.2ȮėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŏĴŊŗŀŏĪňĵĭĔńĭĶŃĵŃĪŅĚȮĔŅĶĪħĸŀĚěŃĪņĔŅĶŏĔŖĭ
ĕƟŀĴŌĸıĶƟŀĴĔńĭĔŅĶĪħĸŀĚĪňŗȮ2,1,/,1 ĶŃĵŃĪŅĚŒĬĔŅĶěńĭĽńĠĠŅĦȮWi-Fi probe ŐĸƟĺĪņĔŅĶĭńĬĪŉĔ
ėƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĪňŗŏĔŇħĕŉŘĬĕŀĚȮUSB Wi-Fi ŐĸŃȮŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗ 
  2,3,1.3ȮĺńħĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬ ĔŅĶĪħĸŀĚŏıŊŗŀľŅĮĶŃĽŇĪīŇĳŅıĔŅĶŒĝƟıĸńĚĚŅĬ
ĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭŏĴŊŗŀĩŌĔĬņœĮŒĝƟĚŅĬŒĬĽĩŅĬĪňŗěĶŇĚŐĸƟĺŏĮƕħœĺƟĨĸŀħŏĺĸŅěŃŒĝƟıĸńĚĚŅĬĴŅĔĬƟŀĵ
ŏıňĵĚŒħȮŏıŊŗŀĬņĕƟŀĴŌĸĪňŗœħƟœĮŒĝƟŒĬĔŅĶĨńħĽŇĬŒěĺƞŅŒĬŀĬŅėĨľŅĔĨƟŀĚĔŅĶĬņŀŋĮĔĶĦƢœĮŒĝƟěĶŇĚŐĸŃ
ĨƟŀĚĔŅĶŏıŇŗĴĲƤĚĔƢĝńĬĕŀĚŀŋĮĔĶĦƢŏĕƟŅœĮŀŅěĽƞĚįĸĨƞŀĔŅĶŒĝƟıĸńĚĚŅĬĪňŗŏıŇŗĴĕŉŘĬȮĨńĺŀĵƞŅĚŏĝƞĬȮĨƟŀĚĔŅĶŏıŇŗĴ
ĽƞĺĬĕĵŅĵŒľƟŀŋĮĔĶĦƢĨĶĺěěńĭĽŅĴŅĶĩĽƞĚĕƟŀĴŌĸĪňŗěńħŏĔŖĭœĺƟĕŉŘĬœĮĭĬȮcloud server ľĶŊŀĬņŀŋĮĔĶĦƢ
ĨĶĺěěńĭœĮœĺƟŒĬıŊŘĬĪňŗľƞŅĚœĔĸœĴƞĴňıĸńĚĚŅĬœĲĲƚŅěņŏĮƦĬĨƟŀĚľŅŐľĸƞĚįĸŇĨıĸńĚĚŅĬŏŀĚȮŏĮƦĬĨƟĬȮőħĵ
ĺŇīňĔŅĶĪħĸŀĚěŃŒĝƟŀŋĮĔĶĦƢŒĬĔŅĶĺńħėƞŅıĸńĚĚŅĬħńĚĬňŘ 
   4.3.1.3.1 Adapter 5V 1A 1Ȯport USB ėŊŀȮĨńĺŐĮĸĚĔĶŃŐĽœĲěŅĔȮACȮ
ŐĶĚħńĬȮ00.V ŏĮƦĬȮDCȮŐĶĚħńĬȮ5V ĔĶŃŐĽĽŌĚĽŋħȮ/AȮŐĸŃĴňĝƞŀĚŏĽňĵĭȮUSB ěņĬĺĬȮ/ȮĝƞŀĚ 
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ĳŅıĪňŗȮ4.16 Adapter 5V 1A 1Ȯport USB 

   4.3.1.3.2 Keweisi KWS USB Monitor Charger Meter Tester Batt ėŊŀȮ
ŀŋĮĔĶĦƢ USB ĽņľĶńĭĨĶĺěěńĭŐĶĚħńĬœĲĲƚŅ ŐĸŃŏĺĸŅŒĬĔŅĶŒĝƟœĲ 
 

 
ĳŅıĪňŗȮ4.17 Keweisi KWS USB Monitor Charger Meter Tester Batt 

   
ĔŅĶĪħĸŀĚ ĨŇħĨńŘĚŀŋĮĔĶĦƢĺńħėƞŅıĸńĚĚŅĬħńĚĳŅıĪňŗȮ4.18 ŐĸƟĺĪņĔŅĶŏĮƕħŀŋĮĔĶĦƢĨĶĺěěńĭĪŇŘĚœĺƟŏĮƦĬ
ŏĺĸŅėŊŀȮ1 ĝńŗĺőĴĚȮ12 ĝńŗĺőĴĚȮ24 ĝńŗĺőĴĚȮŐĸŃȮ48 ĝńŗĺőĴĚȮĨŅĴĸņħńĭŐĸƟĺĭńĬĪŉĔįĸ 
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ĳŅıĪňŗȮ4.18 ĔŅĶŏĝŊŗŀĴĨƞŀŀŋĮĔĶĦƢĨĶĺěĺńħıĸńĚĚŅĬœĲ 

  2,1,/,4ȮĮĶŇĴŅĦĕƟŀĴŌĸĪňŗěńħŏĔŖĭȮĔŅĶĪħĸŀĚĔŅĶŏĔŖĭĕƟŀĴŌĸĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭŒĬ
ĕĦŃĪňŗĭńĬĪŉĔĸĚĭĬľĬƞĺĵėĺŅĴěņĕŀĚŏėĶŊŗŀĚȮőħĵĔŅĶŏĮƕħŏėĶŊŗŀĚĨĶĺěěńĭĺŅĚĪŇŘĚœĺƟĭĬĽĩŅĬĪňŗěĶŇĚıŊŘĬĪňŗ
ŏħŇĴŐĨƞŒĝƟŏĺĸŅŒĬĔŅĶĨĶĺěěńĭĪňŗŐĨĔĨƞŅĚĔńĬȮŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶľŅĮĶŇĴŅĦĕŀĚĕƟŀĴŌĸĪňŗ
ěńħŏĔŖĭœĺƟŒĬľĬƞĺĵėĺŅĴěņŒľƟĴňėĺŅĴŐĴƞĬĵņĴŅĔĵŇŗĚĕŉŘĬ 
ĔŅĶĪħĸŀĚȮŏĮƕħŀŋĮĔĶĦƢĨĶĺěěńĭŒľƟĪņĚŅĬŒĬıŊŘĬĪňŗȮőħĵŏĸŊŀĔĽĩŅĬĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚȮėŊŀȮĭƟŅĬıńĔėĶŌȮ
őĶĚŏĶňĵĬĺŇĽŋĪīĶńĚļňȮěńĚľĺńħĔŅĠěĬĭŋĶňȮŏıĶŅŃĴňėĺŅĴŒĔĸƟŏėňĵĚĔńĭĽĩŅĬĪňŗěĶŇĚȮėŊŀȮĴňĮĶŃĝŅĔĶŀŅĻńĵŀĵŌƞȮ
ĴňĔŅĶŏėĸŊŗŀĬĪňŗ ŏĕƟŅ ů ŀŀĔ ĽĩŅĬĪňŗȮŐĸŃŏĮƕħŒĝƟĚŅĬȮWi-Fi ĕŀĚŏėĶŊŗŀĚĨĸŀħŏĺĸŅĪňŗŀŅĻńĵŀĵŌƞȮěŅĔĬńŘĬĪņ
ĔŅĶěńĭŏĺĸŅĔŅĶŏĔŖĭĕƟŀĴŌĸĸĚŏėĶŊŗŀĚĨĶĺěěńĭőħĵŐĭƞĚĔŅĶŏĔŖĭĕƟŀĴŌĸŏĮƦĬĝƞĺĚŕȮėŊŀȮ1 ĝńŗĺőĴĚȮ12 ĝńŗĺőĴĚ 
ŐĸŃȮ24 ĝńŗĺőĴĚȮŐĸƟĺĪņĔŅĶĭńĬĪŉĔįĸ 
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  2,1,/,5 ĪħĸŀĚŏĔŖĭĕƟŀĴŌĸĽńĠĠŅĦȮWi-Fi probe ěŅĔĽĩŅĬĪňŗĪħĸŀĚȮ 
ĔŅĶĪħĸŀĚĔŅĶŏĔŖĭĕƟŀĴŌĸŏıŊŗŀĬņĕƟŀĴŌĸĪňŗœħƟĬńŘĬĴŅĺŇŏėĶŅŃľƢįĸľŅěņĬĺĬĮĶŃĝŅĔĶĪňŗĨĶĺěěńĭœħƟěŅĔ
ŀŋĮĔĶĦƢĺƞŅĴňĮĶŃĝŅĔĶŀĵŌƞĪńŘĚľĴħĪňŗŏĮƦĬįŌƟĪňŗŏĕƟŅĴŅŏĵňŗĵĴĝĴĽĩŅĬĪňŗȮŏĮƦĬĮĶŃĝŅĔĶĪňŗŀĵŌƞŒĬĽĩŅĬĪňŗĬńŘĬ
œĴƞŒĝƞĮĶŃĝŅĔĶĪňŗĴŅŏĵňŗĵĴĝĴȮľĶŊŀŏĮƦĬįŌƟĪňŗŀŅĻńĵŀĵŌƞőħĵŐĭƞĚĔŅĶĪħĸŀĚŀŀĔŏĮƦĬȮ2 ŐĭĭȮėŊŀȮ1) ĪħĸŀĚ
ŏĔŖĭĕƟŀĴŌĸőħĵĶŃĭŋěņĬĺĬėĬȮ2)ȮĪħĸŀĚŒĬĽĩŅĬĪňŗěĶŇĚ 
  1) ĪħĸŀĚŏĔŖĭĕƟŀĴŌĸőħĵĶŃĭŋěņĬĺĬėĬȮŏĮƦĬĔŅĶŏĔŖĭĕƟŀĴŌĸőħĵĔŅĶŒľƟėĬěņĬĺĬȮ10 
ėĬȮŐĽħĚĨńĺĨĬħƟĺĵĔŅĶŏĮƕħĨńĺĶńĭĽńĠĠŅĦȮWi-Fi ĭĬŀŋĮĔĶĦƢȮŐĸŃŏĕƟŅĴŅŀĵŌƞŒĬıŊŘĬĪňŗĨĶĺěěńĭȮ
ľĸńĚěŅĔĬńŘĬĪņĔŅĶĮĶŃŏĴŇĬįĸěņĬĺĬėĬĪňŗŀĵŌƞŒĬıŊŘĬĪňŗ 

 

ĳŅıĪňŗȮ4.19 ěņĸŀĚĔŅĶĺŅĚŀŋĮĔĶĦƢĨĶĺěěńĭŐĸŃŀŋĮĔĶĦƢĶńĭĽńĠĠŅĦ 

  2) ĪħĸŀĚŒĬĽĩŅĬĪňŗěĶŇĚȮěŃŏĸŊŀĔŒĝƟĽĩŅĬĪňŗěņĬĺĬȮ2 ŐľƞĚȮėŊŀȮĶƟŅĬĭƟŅĬĔŅŐĲȮŐĸŃȮ
ĽŃıŅĬĕƟŅŐĴƞĬŘņŐėĺȮěńĚľĺńħĔŅĠěĬĭŋĶň ŏĬŊŗŀĚěŅĔĪńŘĚȮ2 ĽĩŅĬĪňŗĴňėĺŅĴŐĨĔĨƞŅĚĔńĬȮėŊŀȮĶƟŅĬĭƟŅĬĔŅŐĲȮ
ĴňěņĬĺĬėĬĪňŗĽĬŒěœĴƞĴŅĔȮŀĵŌƞĨŇħĩĬĬĽŅĵľĸńĔȮľƞŅĚœĔĸěŅĔŐľĸƞĚĝŋĴĝĬŐŀŀńħŏĔŇĬȮ100 ŏĴĨĶȮĽƞĺĬ
ĽŃıŅĬĕƟŅŐĴƞĬŘņŐėĺȮěńĚľĺńħĔŅĠěĬĭŋĶňȮŀĵŌƞŒĬŐľĸƞĚĝŋĴĝĬȮŏĮƦĬĽĩŅĬĪňŗĪƞŀĚŏĪňŗĵĺȮĴňěņĬĺĬįŌƟŏĕƟŅĴŅ
ŏĵňŗĵĴĝĴŏĮƦĬěņĬĺĬĴŅĔȮőħĵĶĺĴŐĸƟĺĪńŘĚȮ2 ŐľƞĚĨƞŅĚĔŖŏĮƦĬĪňŗĽĬŒěĕŀĚįŌƟŏĵňŗĵĴĝĴĪňŗŐĺŃŏĕƟŅȮ- ŀŀĔ
ĨĸŀħŏĺĸŅ 
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ĳŅıĪňŗȮ4.20 ŐĽħĚĳŅıĭĬȮgoogle map ĕŀĚıŊŘĬĪňŗĭĶŇŏĺĦľĬƟŅĶƟŅĬĕŀĚĶƟŅĬĭƟŅĬĔŅŐĲ 
 

 

ĳŅıĪňŗȮ4.21 ŐĽħĚĳŅıĭĬȮgoogle map ĕŀĚıŊŘĬĪňŗĭĶŇŏĺĦőħĵĶŀĭĴŋĴĔĺƟŅĚĕŀĚĶƟŅĬĭƟŅĬĔŅŐĲ 
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ĳŅıĪňŗȮ4.22 ŐĽħĚĳŅıĭĬȮgoogle map ĕŀĚıŊŘĬĪňŗĭĶŇŏĺĦőħĵĶŀĭĴŋĴĔĺƟŅĚĕŀĚĽŃıŅĬĕƟŅĴŐĴƞĬŘņ
ŐėĺȮěńĚľĺńħĔŅĠěĬĭŋĶň 

 

ĳŅıĪňŗȮ4.23 ıŊŘĬĪňŗĭĶŇŏĺĦĽŃıŅĬĕƟŅĴŐĴƞĬŘņŐėĺȮěńĚľĺńħĔŅĠěĬĭŋĶň 

ĔŅĶĪħĸŀĚȮĬņŀŋĮĔĶĦƢĨĶĺěěńĭĺŅĚœĺƟĭĶŇŏĺĦĽĩŅĬĪňŗĪńŘĚȮ2ȮŐľƞĚȮėŊŀȮĶƟŅĬĭƟŅĬĔŅŐĲȮŐĸŃȮĽŃıŅĬĕƟŅĴ
ŐĴƞĬŘņŐėĺȮěńĚľĺńħĔŅĠěĬĭŋĶňȮŏĔŖĭĕƟŀĴŌĸŐĸŃĭńĬĪŉĔįĸȮőħĵŏĺĸŅĪňŗŒĝƟŒĬĔŅĶŏĔŖĭĕƟŀĴŌĸěŃŒĝƟŏĺĸŅȮ1 
ĝńŗĺőĴĚȮŏĬŊŗŀĚěŅĔĴňĔŅĶěņĔńħŏĶŊŗŀĚĕŀĚŏĺĸŅŒĬĔŅĶŒĝƟĚŅĬŒĬĽĩŅĬĪňŗŐĸŃœĴƞĸŃŏĴŇħĽŇĪīŇśĕŀĚįŌƟŀĵŌƞĭĶŇŏĺĦ
ĬńŘĬĴŅĔěĬŏĔŇĬœĮ 
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 4.3.2 ĮĶŃŏĴŇĬįĸĔŅĶŒĝƟŀŋĮĔĶĦƢěńĭĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶľŅĨņŐľĬƞĚĕŀĚ
ĽńĠĠŅĦŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗȮĔŅĶŒĝƟĨńĺĶńĭĽńĠĠŅĦȮ/ȮĨńĺŒĬĔŅĶĨĶĺěěńĭėĬĪňŗŏĕƟŅĴŅŒĬĽĩŅĬĪňŗȮĽŅĴŅĶĩ
ĭŀĔœħƟŐėƞŏıňĵĚĔŅĶŏĕƟŅĴŅŐĸŃŀŀĔœĮĕŀĚŀŋĮĔĶĦƢȮŐĨƞĩƟŅĨƟŀĚĔŅĶĪĶŅĭĩŉĚĪŇĻĪŅĚĔŅĶŏĕƟŅĴŅȮŐĸŃ
ĨņŐľĬƞĚĕŀĚŀŋĮĔĶĦƢěņŏĮƦĬĨƟŀĚŒĝƟĨńĺĶńĭĽńĠĠŅĦĴŅĔĔĺƞŅȮ/ȮĨńĺȮŒĬĔŅĶĪħĸŀĚĬňŘěŃŒĝƟĨńĺĶńĭĽńĠĠŅĦȮ
3 ĨńĺȮŏıŊŗŀľŅĨņŐľĬƞĚŐĸŃĪŇĻĪŅĚĕŀĚĨńĺŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗȮ 

ĔŅĶĪħĸŀĚȮěņĸŀĚĽĩŅĬĔŅĶĦƢĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗŏıŊŗŀľŅĨņŐľĬƞĚŐĸŃĪŇĻĪŅĚĕŀĚĨńĺŀŋĮĔĶĦƢ
ŏėĸŊŗŀĬĪňŗŒĬĽĩŅĬĪňŗĬńŘĬȮőħĵĔŅĶĪħĸŀĚěŅĔĔŅĶŒĝƟıŊŘĬĪňŗĕŀĚĽĬŅĴĲŋĨĭŀĸőĶĚŏĶňĵĬĺŇĽŋĪīĶńĚļňȮěńĚľĺńħ
ĔŅĠěĬĭŋĶňȮħńĚĳŅıĪňŗȮ4.24 

 

ĳŅıĪňŗȮ4.24ȮıŊŘĬĪňŗĪħĸŀĚĽĬŅĴĲŋĨĭŀĸőĶĚŏĶňĵĬĺŇĽŋĪīĶńĚļňȮěńĚľĺńħĔŅĠěĬĭŋĶň 
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 ĔņľĬħěŋħĔŅĶĺŅĚĨńĺĶńĭĽńĠĠŅĦĪńŘĚľĴħȮ3 ěŋħȮŏĮƦĬĶŌĮĽŅĴŏľĸňŗĵĴȮŐĸŃĶŃĵŃľƞŅĚĕŀĚĨńĺĶńĭ
ĽńĠĠŅĦľƞŅĚĔńĬȮ20 ŏĴĨĶȮħńĚĳŅıĪňŗȮ4.25 

 

ĳŅıĪňŗȮ4.25 ĳŅıĔŅĶĺŅĚĨńĺĶńĭĽńĠĠŅĦȮWi-Fi Probe 3ȮĨńĺ 
 

 ěŅĔĬńŘĬěŃĔņľĬħěŋħĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗŀŀĔŏĮƦĬȮ3 ĶŌĮŐĭĭȮėŊŀȮĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗ
ĶŌĮŐĭĭĪňŗȮ1 ħńĚĳŅıĪňŗȮ4.26 ŏĮƦĬĔŅĶŏėĸŊŗŀĬĪňŗŏĶŇŗĴĨƟĬěŅĔěŋħĨĶĚĔĸŅĚĶŃľĺƞŅĚĨńĺĶńĭĽńĠĠŅĦĪńŘĚȮ3 ĨńĺȮ
ĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĶŌĮŐĭĭĪňŗȮ2 ħńĚĳŅıĪňŗȮ4.27ȮŏĮƦĬĔŅĶŏėĸŊŗŀĬĪňŗŏĶŇŗĴĨƟĬěŅĔĨņŐľĬƞĚĨńĺĶńĭĽńĠĠŅĦĪňŗȮ
1 ĴŅĪŅĚĕĺŅȮ5 ŏĴĨĶȮŐĸŃȮĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĶŌĮŐĭĭĪňŗȮ3 ħńĚĳŅıĪňŗȮ4.28 ŏĮƦĬĔŅĶŏėĸŊŗŀĬĪňŗŏĶŇŗĴĨńĬ
ěŅĔȮĨńĺĶńĭĽńĠĠŅĦĪňŗȮ2 ŒĬĪŇĻĪŅĚĪňŗȮ90 ŀĚĻŅȮĪňŗĶŃĵŃȮ10 ŏĴĨĶȮĔŅĶŏėĸŊŗŀĬĪňŗĪńŘĚȮ3 ĶŌĮŐĭĭĬňŘŏıŊŗŀ
ěņĸŀĚĔŅĶŏĕƟŅ - ŀŀĔȮĔŅĶįƞŅĬěŋħĨƞŅĚȮŕȮĕŀĚĨńĺĶńĭĽńĠĠŅĦȮŐĸŃĶŃĵŃĕŀĚĨņŐľĬƞĚĬńŘĬȮŕ 
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ĳŅıĪňŗȮ4.26ȮĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĶŌĮŐĭĭĪňŗȮ1 
 

 

ĳŅıĪňŗȮ4.27ȮĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĶŌĮŐĭĭĪňŗȮ2 
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ĳŅıĪňŗȮ4.28ȮĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĶŌĮŐĭĭĪňŗȮ3 
 

 ĺŇīňĔŅĶŏĔŖĭĕƟŀĴŌĸȮŒľƟįŌƟĪħĸŀĚŏħŇĬĨŅĴŏĽƟĬĪŅĚĪňŗĺŅħœĺƟ ıĶƟŀĴĔńĭĩŊŀŏĮƕħĽńĠĠŅĦȮWi-Fi œĺƟȮ
ŏħŇĬĸńĔļĦŃŒľƟŏĮƦĬĮĔĨŇĨŅĴĪŇĻĪŅĚȮŒĬĶŃľĺƞŅĚĬńŘĬěŃŒľƟŏėĸŊŗŀĬĪňŗĪňĸŃȮ5 ŏĴĨĶȮŏĮƦĬĶŃĵŃĪŅĚȮ50 ŏĴĨĶȮ
ŐĸƟĺĪņĔŅĶĭńĬĪŉĔĸĚĨŅĶŅĚħńĚĳŅıĪňŗȮ4. 29 

 

ĳŅıĪňŗȮ4. 29ȮĨŅĶŅĚĭńĬĪŉĔįĸĔŅĶĪħĸŀĚĔŅĶŏėĸŊŗŀĬĪňŗĨŅĴĶŌĮŐĭĭĪŇĻĪŅĚ 
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ĭĪĪňŗȮ5 

įĸĔŅĶħņŏĬŇĬĚŅĬ 

 ĔŅĶĮĶŃŏĴŇĬįĸŒĝƟĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶĨĶĺěěńĭěņĬĺĬėĬŒĬĽĩŅĬĪňŗȮĞŉŗĚœħƟěŅĔĔŅĶ
ŀŀĔŐĭĭĔŅĶĪħĸŀĚŏıŊŗŀĮĶŃŏĴŇĬľŅĨņŐľĬƞĚŐĸŃĪŇĻĪŅĚĕŀĚŀŋĮĔĶĦƢĪňŗŀĵŌƞŒĬĽĩŅĬĪňŗȮőħĵĴňįĸĔŅĶ
ħņŏĬŇĬĚŅĬŐĸŃįĸĔŅĶĺŇŏėĶŅŃľƢŏĮƦĬĸņħńĭħńĚĬňŘ 
 5.1 įĸĔŅĶĪħĸŀĚĮĶŃŏĴŇĬįĸĔŅĶŒĝƟŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦȮWi-Fi probe  
  5.1.1 ĶŃĵŃĪŅĚŒĬĔŅĶěńĭĽńĠĠŅĦȮWi-Fi probe 
  5.1.2ȮėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŏĴŊŗŀŏĪňĵĭĔńĭĶŃĵŃĪŅĚ 
  5.1.3 ĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬ 
  5.1.4 ĮĶŇĴŅĦĕƟŀĴŌĸ 
  5.1.5 ĔŅĶŏĔŖĭĕƟŀĴŌĸĽńĠĠŅĦȮWi-Fi probe ěŅĔĽĩŅĬĪňŗĪħĸŀĚ 
 5.2 įĸĔŅĶĪħĸŀĚĮĶŃŏĴŇĬįĸĔŅĶŒĝƟŀŋĮĔĶĦƢěńĭĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶľŅĨņŐľĬƞĚ
ĕŀĚĽńĠĠŅĦŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗ 

5.1 įĸĔŅĶĪħĸŀĚĮĶŃŏĴŇĬįĸĔŅĶŒĝƟŀŋĮĔĶĦƢĨĶĺěěńĭĽńĠĠŅĦȮWi-Fi probe 

 5.1.1 ĶŃĵŃĪŅĚŒĬĔŅĶěńĭĽńĠĠŅĦȮWi-Fi probe ĔŅĶĪħĸŀĚŏĮĶňĵĭŏĪňĵĭĶŃĵŃĪŅĚŒĬĔŅĶ
ĨĶĺěěńĭĕŀĚȮUSB Wi-FiȮěŅĔĔŅĶŒĝƟ USB Wi-FiȮěņĬĺĬȮ3 ĨńĺĨƞŀĔńĭȮRaspberry Pi ŐĸƟĺĪņĔŅĶ
ĪħĽŀĭŏıŊŗŀľŅįĸĸńıīƢĺƞŅĴňįĸĨƞŀĶŃĵŃĔŅĶĨĶĺěěńĭľĶŊŀœĴƞȮőħĵŒĝƟőĪĶĻńıĪƢȮ2ȮĶŋƞĬŏĮƦĬŀŋĮĔĶĦƢĽƞĚ
ĽńĠĠŅĦ 
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ĨŅĶŅĚĪňŗȮ5.1 ĨŅĶŅĚŐĽħĚįĸĔŅĶĪħĸŀĚŏĮĶňĵĭŏĪňĵĭĶŃĵŃĔŅĶĨĶĺěěńĭĕŀĚȮUSB Wi-Fi 

ĶŃĵŃĪŅĚ 
 

USB Wi-Fi 

10 ŏĴĨĶ 50ȮŏĴĨĶ 90ȮŏĴĨĶ 130 ŏĴĨĶ 

A B A B A B A B 

ALFA P P P P P P × × 
D-LINK P P P P P P × P 
TENDA P P P P P P × × 

 
 A ėŊŀȮSamsung galaxy ĶŋƞĬȮCooper  
 B ėŊŀȮSamsung galaxy ĶŋƞĬȮtab 7 
 ALFAȮėŊŀȮALFA AWUS036NEH Wireless USB 
 D-LINKȮėŊŀȮWireless USB Adapter D-LINK N150 
 TENDAȮėŊŀȮTENDA WIRELESS USB ADAPTER 

 įĸĔŅĶĪħĸŀĚŏĮĶňĵĭŏĪňĵĭĶŃĵŃĪŅĚŒĬĔŅĶĨĶĺěěńĭěņĬĺĬėĬŒĬıŊŘĬĪňŗĕŀĚȮUSB Wi-FiȮ
ĶŃľĺƞŅĚȮALFA AWUS036NEH Wireless USB*ȮWireless USB Adapter D-LINK N150 ŐĸŃ
TENDA WIRELESS USB ADAPTERȮıĭĺƞŅȮĶŃĵŃĔŅĶĨĶĺěěńĭĕŀĚĨńĺĔĶŃěŅĵĽńĠĠŅĦŐĨƞĸŃĨńĺĴň
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨĶĺěěńĭĪňŗŐĨĔĨƞŅĚĔńĬȮħńĚĨŅĶŅĚĪňŗȮ5.1 ěŃŏľŖĬœħƟĺƞŅĶŃĵŃĔŅĶĔĶŃěŅĵĽńĠĠŅĦ
ĕŀĚȮALFA AWUS036NEH Wireless USB ŐĸŃȮTENDA WIRELESS USB ADAPTER ĴňėĺŅĴĽŅĴŅĶĩ
ĨĶĺěěńĭœħƟŒĬĶŃĵŃĪňŗŒĔĸƟŏėňĵĚĔńĬȮėŊŀȮ90 ŏĴĨĶȮŐĨƞȮWireless USB Adapter D-LINK N150 ĽŅĴŅĶĩ
ĨĶĺěěńĭœħƟœĔĸĔĺƞŅĪńŘĚĽŀĚĶŋƞĬĪňŗĔĸƞŅĺĴŅȮėŊŀȮ130 ŏĴĨĶȮěŉĚĽĶŋĮœħƟĺƞŅĔŅĶŏĸŊŀĔŒĝƟĨńĺĔĶŃěŅĵĽńĠĠŅĦȮ
ALFA AWUS036NEH Wireless USB ŐĸŃȮTENDA WIRELESS USB ADAPTERȮŏľĴŅŃĽĴĔńĭ
ĽĩŅĬĪňŗĪňŗĴňĶńĻĴňĔŅĶĨĶĺěěńĭœĴƞĴŅĔȮĶńĻĴňőħĵĶŀĭĮĶŃĴŅĦȮ7.ȮŏĴĨĶȮĽƞĺĬĨńĺĔĶŃěŅĵĽńĠĠŅĦȮ
Wireless USB Adapter D-LINK N150 ŏľĴŅŃĔńĭĽĩŅĬĪňŗĔĺƟŅĚȮĶńĻĴňőħĵĶŀĭĮĶŃĴŅĦȮ/1.ȮŏĴĨĶȮ
ĪńŘĚĬňŘŏıŊŗŀŒľƟœħƟĔŅĶĨĶĺěěńĭĪňŗĴňėĺŅĴŐĴƞĬĵņȮěņŏĮƦĬĨƟŀĚŏĸŊŀĔŒĝƟŒľƟŏľĴŅŃĽĴĔńĭĽĩŅĬĪňŗĪňŗŒĝƟĚŅĬȮŏıĶŅŃ
ıŊŘĬĪňŗŒĬĔŅĶĨĶĺěěńĭŐĨƞĸŃĽĩŅĬĪňŗĪňŗĬņŀŋĮĔĶĦƢœĮŒĝƟĴňėĺŅĴŐĨĔĨƞŅĚĔńĬœĮȮĭŅĚĽĩŅĬĪňŗěņŏĮƦĬĨƟŀĚŒĝƟ
ĨńĺĔĶŃěŅĵĽńĠĠŅĦŒĬĺĚěņĔńħŏĬŊŗŀĚěŅĔĭĶŇŏĺĦőħĵĶŀĭŏĮƦĬıŊŘĬĪňŗĸƟŀĴĶŀĭœĮħƟĺĵĪňŗŀĵŌƞŀŅĻńĵĔŅĶ
ĨĶĺěěńĭěņĬĺĬėĬĪňŗĴňıŊŘĬĪňŗŏĮƦĬĪňŗŀĵŌƞŀŅĻńĵȮĴňěņĬĺĬĮĶŃĝŅĔĶĴŅĔȮěŃĪņŒľƟįĸĔŅĶĨĶĺěěńĭĕŀĚ
ŀŋĮĔĶĦƢįŇħıĸŅħœħƟŐĨƞĭŅĚĽĩŅĬĪňŗěņŏĮƦĬĨƟŀĚŒĝƟĨńĺĔĶŃěŅĵĽńĠĠŅĦŒĬĺĚĔĺƟŅĚŏĬŊŗŀĚěŅĔŏĮƦĬıŊŘĬĪňŗőĸƞĚ
ĔŅĶŏĕƟŅĩŉĚŐĸŃĔŅĶĨĶĺěěńĭěņĬĺĬėĬĭĶŇŏĺĦĬńŘĬĽŅĴŅĶĩĨĶĺěěńĭŒĬĺĚĔĺƟŅĚœħƟȮĽƞĚįĸħňĪņŒľƟĪĶŅĭĩŉĚ
ĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĮĶŃĝŅĔĶĭĶŇŏĺĦĬńŘĬħƟĺĵ 
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 5.1.2ȮėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŏĴŊŗŀŏĪňĵĭĔńĭĶŃĵŃĪŅĚȮįĸĔŅĶĪħĸŀĚŏĮĶňĵĭŏĪňĵĭėƞŅėĺŅĴ
ŐĶĚĽńĠĠŅĦĕŀĚȮUSB Wi-FiȮěŅĔĔŅĶŒĝƟȮUSB Wi-Fi ěņĬĺĬȮ1ȮĨńĺĨƞŀĔńĭȮRaspberry Pi ŐĸƟĺĪņĔŅĶ
ĪħĽŀĭŏıŊŗŀľŅįĸĸńıīƢĺƞŅĴňįĸĨƞŀėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŀĵƞŅĚœĶȮőħĵŒĝƟőĪĶĻńıĪƢȮ0ȮĶŋƞĬŏĮƦĬŀŋĮĔĶĦƢĽƞĚ
ĽńĠĠŅĦ 

ĨŅĶŅĚĪňŗȮ5.2 ĨŅĶŅĚŐĽħĚįĸĔŅĶĪħĸŀĚėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĔŅĶĨĶĺěěńĭĕŀĚȮUSB Wi-FiȮ 

ĶŃĵŃĪŅĚ 
 

USB Wi-Fi 

10 ŏĴĨĶ 50ȮŏĴĨĶ 90ȮŏĴĨĶ 130 ŏĴĨĶ 

A B A B A B A B 

ALFA -37 -15 -43 -65 -79 -77 No Signal No Signal 
D-LINK -58 -59 -63 -82 -88 -91 No Signal -95 
TENDA -49 -75 -69 -83 -91 -91 No Signal No Signal 

 A ėŊŀȮSamsung galaxy ĶŋƞĬȮCooper  
 B ėŊŀȮSamsung galaxy ĶŋƞĬȮtab 7 
 ALFAȮėŊŀȮALFA AWUS036NEH Wireless USB 
 D-LINKȮėŊŀȮWireless USB Adapter D-LINK N150 
 TENDAȮėŊŀȮTENDA WIRELESS USB ADAPTER 

 įĸĔŅĶŏĮĶňĵĭŏĪňĵĭėƞŅėĺŅĴŐĶĚĽńĠĠŅĦȮUSB Wi-Fi ĶŃľĺƞŅĚȮALFA AWUS.14NEH 
Wireless USB*ȮWireless USB Adapter D-LINK N/3.ȮŐĸŃTENDA WIRELESS USB ADAPTERȮ
ĽńĚŏĔĨěŅĔĨŅĶŅĚĪňŗȮ5.2 ŏĮƦĬĮĶŃŏħŖĬħńĚĬňŘ 
 ĮĶŃŏħŖĬŐĶĔȮėƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŀĵŌƞŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴ ȮėŊŀĨŗņĔĺƞŅȮ+5.ȮdBmȮĪňŗ
ĶŃĵŃĪŅĚȮ/Ȯ+Ȯ3.ȮŏĴĨĶȮĬńŘĬľĴŅĵėĺŅĴĺƞŅĽŅĴŅĶĩŒĝƟŒĬĔŅĶĨĶĺěěńĭœħƟőħĵœĴƞĽƞĚįĸĨƞŀĔŅĶľĸŋħľŅĵ
ĕŀĚĽńĠĠŅĦȮŐĨƞŒĬĶŃĵŃĪŅĚĪňŗĴŅĔĔĺƞŅȮ5.ȮŏĴĨĶĕŉŘĬœĮȮėƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦěŃĴňėƞŅĴŅĔĔĺƞŅȮ+5.Ȯ
dBm ėƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŏĶŇŗĴœĴƞŏľĴŅŃĽĴȮŏĬŊŗŀĚěŅĔėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŏĶŇŗĴŀƞŀĬŐĶĚĨńĺĸĚĪņ
ŒľƟőŀĔŅĽĪňŗĔŅĶĨĶĺěěńĭěŃĕŅħĔŅĶŏĝŊŗŀĴĨƞŀœħƟȮĽƞĺĬĶŃĵŃĪŅĚĪňŗȮ/1.ȮŏĴĨĶȮėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĕŅħ
ĔŅĶŏĝŊŗŀĴĨƞŀĪňŗȮA ŐĸŃȮB ĕŀĚŀŋĮĔĶĦƢȮALFA AWUS.14NEH Wireless USBȮŐĸŃȮTENDA 
WIRELESS USB ADAPTERȮľĴŅĵĩŉĚȮĶŃĵŃĔŅĶĨĶĺěěńĭĕŀĚŀŋĮĔĶĦƢĪńŘĚĽŀĚĽŇŘĬĽŋħœĴƞĽŅĴŅĶĩĨĶĺěěńĭ
œħƟœĔĸĔĺƞŅĬňŘȮŐĨƞŒĬĕĦŃĪňŗȮWireless USB Adapter D-LINK N/3.ȮĵńĚĽŅĴŅĶĩĨĶĺěěńĭœħƟȮ 
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 ĮĶŃŏħŖĬĪňŗĽŀĚȮĶŃĵŃĪŅĚĪňŗȮ/Ȯ+13.ȮŏĴĨĶ ĕŀĚĔŅĶĪħĸŀĚĔŅĶĨĶĺěěńĭěŃĽńĚŏĔĨŏľŖĬĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚĕŀĚėƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĪňŗĩŌĔěńħŏĔŖĭĨŅĴĸņħńĭĕŀĚĶŃĵŃĪŅĚĴňĨńĺŏĸĕĕŀĚėƞŅėĺŅĴ
ŐĶĚĽńĠĠŅĦĪňŗĸħĸĚȮĬńŘĬľĴŅĵėĺŅĴĺƞŅœħƟĩŌĔŏėĸŊŗŀĬĪňŗœĮŒĬĪŇĻĪŅĚĪňŗœĔĸĕŉŘĬěĬľĸŋħĶŃĵŃĔŅĶĨĶĺěěńĭ
ĕŀĚȮUSB Wi-Fi 
 ěŉĚĽĶŋĮœħƟĺƞŅȮĮĶŃŏħŖĬĪňŗŐĶĔ ŀŋĮĔĶĦƢȮALFA AWUS.14NEH Wireless USBȮŐĸŃȮTENDA 
WIRELESS USB ADAPTERȮŏľĴŅŃĽĴŒĬĶŃĵŃĕŀĚĶńĻĴňœĴƞŏĔŇĬȮ90 ŏĴĨĶȮŐĸŃȮWireless USB 
Adapter D-LINK N/3.ȮĪňŗœĴƞŏĔŇĬȮ130 ŏĴĨĶȮŐĸŃĮĶŃŏħŖĬĪňŗĽŀĚȮėƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŒĬĝƞĺĚĕŀĚ
ĶŃĵŃĪŅĚĽŅĴŅĶĩĭŀĔĩŉĚĶŃĵŃĪŅĚĔŅĶŀĵŌƞŒĔĸƟľĶŊŀŀĵŌƞœĔĸĕŀĚŒĬĶńĻĴňĔŅĶĨĶĺěěńĭœħƟ 

ĨŅĶŅĚĪňŗȮ5.3 ĨŅĶŅĚŐĽħĚįĸėĺŅĴŐĶĚĽńĠĠŅĦĕŀĚȮUSB Wi-Fi ĕŀĚȮSamsung galaxy ĶŋƞĬȮCooper   

ĶŃĵŃĪŅĚ 
 

USB Wi-Fi 
10 ŏĴĨĶ 50ȮŏĴĨĶ 90ȮŏĴĨĶ 

ALFA -37 -43 -79 
D-LINK -58 -63 -88 
TENDA -49 -69 -91 

 

 

ĳŅıĪňŗȮ5.1 ėƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĕŀĚȮUSB Wi-Fi ĕŀĚȮSamsung galaxyȮĶŋƞĬȮCooper 



 47 
 

  

 ěŅĔĳŅıĪňŗȮ5.1 ŏĮƦĬĔŅĶŐĽħĚįĸĔŅĶŏĮĶňĵĭŏĪňĵĭėƞŅėĺŅĴŐĶĚĽńĠĠŅĦȮUSB Wi-Fi ĶŃľĺƞŅĚȮ
ALFA AWUS.14NEH Wireless USB, Wireless USB Adapter D-LINK N/3.ȮŐĸŃTENDA 
WIRELESS USB ADAPTERȮĪňŗĽŅĴŅĶĩĨĶĺěěńĭȮSamsung galaxy ĶŋƞĬȮCooperȮœħƟĨŅĴĶŃĵŃĪŅĚȮ
ıĭĺƞŅȮĶŃĵŃĪŅĚĨńŘĚŐĨƞȮ10 ů 90 ŏĴĨĶȮUSB Wi-Fi ĪńŘĚĽŅĴĵňŗľƟŀĽŅĴŅĶĩĨĶĺěěńĭėĺŅĴŐĶĚĕŀĚ
ĽńĠĠŅĦȮWi-FiȮĕŀĚȮSamsung galaxy ĶŋƞĬȮCooperȮœħƟȮěŉĚĽĶŋĮœħƟĺƞŅ Samsung galaxyȮĶŋƞĬȮCooper 
ľŅĔŒĝƟĽńĠĠŅĦŀĵŌƞŒĬĶŃĵŃĶńĻĴňœĴƞŏĔŇĬȮ90 ŏĴĨĶȮŀŋĮĔĶĦƢĪňŗĨŇħĨńŘĚȮUSB Wi-Fi ĵňŗľƟŀȮALFA 
AWUS.14NEH Wireless USB, Wireless USB Adapter D-LINK N/3.ȮŐĸŃȮTENDA WIRELESS 
USB ADAPTERȮĽŅĴŅĶĩĨĶĺěěńĭœħƟ 

ĨŅĶŅĚĪňŗȮ5.4 ĨŅĶŅĚŐĽħĚįĸėĺŅĴŐĶĚĽńĠĠŅĦĕŀĚȮUSB Wi-Fi ĕŀĚȮSamsung galaxy ĶŋƞĬȮTab7   

ĶŃĵŃĪŅĚ 
 

USB Wi-Fi 
10 ŏĴĨĶ 50ȮŏĴĨĶ 90ȮŏĴĨĶ 130 ŏĴĨĶ 

ALFA -15 -65 -77 No Signal 
D-LINK -59 -82 -91 -95 
TENDA -75 -83 -91 No Signal 

 

 

ĳŅıĪňŗȮ5.2 ėƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĕŀĚȮUSB Wi-Fi ĕŀĚȮSamsung galaxyȮĶŋƞĬȮTab7 
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 ěŅĔĳŅıĪňŗȮ5.2 ŏĮƦĬĔŅĶŐĽħĚįĸĔŅĶŏĮĶňĵĭŏĪňĵĭėƞŅėĺŅĴŐĶĚĽńĠĠŅĦȮUSB Wi-Fi ĶŃľĺƞŅĚȮ
ALFA AWUS.14NEH Wireless USB, Wireless USB Adapter D-LINK N/3.ȮŐĸŃȮTENDA 
WIRELESS USB ADAPTERȮĪňŗĽŅĴŅĶĩĨĶĺěěńĭȮSamsung galaxyȮĶŋƞĬȮTab7 œħƟĨŅĴĶŃĵŃĪŅĚȮıĭĺƞŅȮ
įĸĔŅĶĪħĸŀĚȮALFA AWUS.14NEH Wireless USBȮŐĸŃȮTENDA WIRELESS USB ADAPTERȮ
ĽŅĴŅĶĩĨĶĺěěńĭȮSamsung galaxyȮĶŋƞĬȮTab7 ĪňŗĶŃĵŃœĴƞŏĔŇĬȮ90 ŏĴĨĶȮŐĨƞĩƟŅŏĔŇĬœĮěŅĔĬňŘĽńĠĠŅĦ
ěŃœĴƞĽŅĴŅĶĩĨĶĺěěńĭœħƟ ĽńĠĠŅĦěŃĕŅħĔŅĶŏĝŊŗŀĴĨƞŀȮŐĨƞ Wireless USB Adapter D-LINK N/3.Ȯ
ĽŅĴŅĶĩĨĶĺěěńĭȮSamsung galaxyȮĶŋƞĬȮTab7 ĪňŗĶŃĵŃĶńĻĴňœħƟœĔĸĔĺƞŅĪňŗȮ130 ŏĴĨĶȮĽĶŋĮįĸœħƟĺƞŅȮľŅĔ
ĨƟŀĚĔŅĶĨĶĺěěńĭ Samsung galaxyȮĶŋƞĬȮTab7ȮĪňŗĶŃĵŃĶńĻĴňĴŅĔĔĺƞŅȮ100 ŏĴĨĶȮĨƟŀĚĨŇħĨńŘĚȮWireless 
USB Adapter D-LINK N/3.ȮĽƞĺĬĶŃĵŃĶńĻĴňœĴƞŏĔŇĬȮ90 ŏĴĨĶȮĽŅĴŅĶĩĨŇħĨńŘĚȮALFA AWUS.14NEH 
Wireless USBȮŐĸŃȮTENDA WIRELESS USB ADAPTERȮœħƟ 

 5.1.3 ĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬ 

ĨŅĶŅĚĪňŗȮ5.5 ĨŅĶŅĚŐĽħĚįĸĔŅĶĪħĸŀĚĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭ 
 

ěņĬĺĬ 
(ĝńŗĺőĴĚ) 

ĮĶŇĴŅĦıĸńĚĚŅĬ 
(mAh) 

1 728 
12 7,753 
24 13,918 
48 30,350 
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ĳŅıĪňŗȮ5.3 ŐĽħĚįĸĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭ 

 ěŅĔįĸĔŅĶĪħĸŀĚĔŅĶŏĔŖĭĕƟŀĴŌĸĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭŒĬĨŅĶŅĚĪňŗȮ5.5 
ıĭĺƞŅȮĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭŏĶňĵĚŏĮƦĬĶŅĵĝńŗĺőĴĚħńĚĬňŘȮ/ȮĝńŗĺőĴĚȮŒĝƟıĸńĚĚŅĬȮ506Ȯ
mAh, /0ȮĝńŗĺőĴĚȮŒĝƟıĸńĚĚŅĬȮ5,531ȮmAh, 02ȮĝńŗĺőĴĚȮŒĝƟıĸńĚĚŅĬȮ/1,7/6ȮmAh ŐĸŃȮ26ȮĝńŗĺőĴĚȮŒĝƟ
ıĸńĚĚŅĬȮ1.,13.ȮmAh ěŉĚĽĶŋĮœħƟĺƞŅȮĔŅĶŒĝƟıĸńĚĚŅĬŒĬĔŅĶĨĶĺěěńĭĕŀĚŀŋĮĔĶĦƢŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭ
ŐĭĨŏĨŀĶňŗĽņĶŀĚĪňŗĴňıĸńĚĚŅĬȮ1.,...ȮmAh ŀŋĮĔĶĦƢĽŅĴŅĶĩĪņĚŅĬœħƟĩŉĚȮ26ȮĝńŗĺőĴĚȮĬńŘĬľĴŅĵėĺŅĴ
ĺƞŅĩƟŅĨƟŀĚĔŅĶŒľƟŀŋĮĔĶĦƢĪņĚŅĬŒĬıŊŘĬĪňŗĪňŗœĴƞĴňĶŃĭĭœĲĲƚŅȮĽŅĴŅĶĩŒĝƟıĸńĚĚŅĬěŅĔŐľĸƞĚŀŊŗĬœħƟȮŏĝƞĬȮ
ıĸńĚĚŅĬěŅĔŐĽĚŀŅĪŇĨĵƢȮŒĬĔŅĶĽņĶŀĚœĲŐĸƟĺŒĝƟĔńĭŀŋĮĔĶĦƢěŃĪņŒľƟŀŋĮĔĶĦƢŀĵŌƞœħƟĬŅĬ 
 
 ĕƟŀŏĽĬŀŐĬŃȮĔŅĶŏĸŊŀĔŒĝƟıĸńĚĚŅĬĽņĶŀĚěŅĔıĸńĚĚŅĬīĶĶĴĝŅĨŇȮŏĝƞĬȮıĸńĚĚŅĬěŅĔ
ŐĽĚŀŅĪŇĨĵƢȮıĸńĚĚŅĬĸĴȮľĶŊŀıĸńĚĚŅĬĬŘņȮŏĬŊŗŀĚěŅĔıĸńĚĚŅĬĪňŗŒĝƟĔńĭŀŋĮĔĶĦƢĨĶĺěěńĭĬňŘěņŏĮƦĬĨƟŀĚŒĝƟ
ĔĶŃŐĽœĲȮ3ȮőĺĸĨƢȮ/ȮŐŀĴĮƝȮľĶŊŀĩƟŅŏĮƦĬĺńĨĨƢĔŖȮ3ȮĺńĨĨƢȮŒĬĔŅĶĪņŒľƟŀŋĮĔĶĦƢŒĝƟĚŅĬœħƟȮĬńŘĬľĴŅĵėĺŅĴĺƞŅ
ĔŅĶěŃľŅŏėĶŊŗŀĚĔņŏĬŇħıĸńĚĚŅĬěŅĔīĶĶĴĝŅĨŇěŉĚĨƟŀĚėņĬĺĦĔŅĶěƞŅĵœĲĕŀĚŏėĶŊŗŀĚĔņŏĬŇħıĸńĚĚŅĬĺƞŅ
ŏıňĵĚıŀĽņľĶńĭĔŅĶěƞŅĵœĲŒľƟŀŋĮĔĶĦƢĴŅĔĬƟŀĵŏıňĵĚŒħȮĽƞĺĬŏĶŊŗŀĚĕŀĚėĺŅĴěŋĕŀĚıĸńĚĚŅĬĪňŗĭƞĚĭŀĔĺƞŅ
ŀŋĮĔĶĦƢěŃĽŅĴŅĶĩĪņĚŅĬœħƟĬŅĬŐėƞœľĬĔŅĶŏĸŊŀĔľŅĴŅŒĝƟĽŅĴŅĶĩľŅœħƟĨŅĴĚĭĮĶŃĴŅĦĕŀĚįŌƟŒĝƟœħƟȮ
őħĵėņĬĺĦěŅĔĮĶŇĴŅĦıĸńĚĚŅĬĪňŗŒĝƟħńĚĳŅıĪňŗȮ5.3ȮŐĸŃȮĶŃĵŃŏĺĸŅĔŅĶŒĝƟĚŅĬŏıŊŗŀŏĔŖĭĕƟŀĴŌĸħńĚĳŅıĪňŗȮ
5.4 
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 5.1.4 ĮĶŇĴŅĦĕƟŀĴŌĸ 

ĨŅĶŅĚĪňŗȮ5.6 ĨŅĶŅĚŐĽħĚįĸĔŅĶĪħĸŀĚĮĶŇĴŅĦĕƟŀĴŌĸĪňŗěńħŏĔŖĭĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭ 

ěņĬĺĬ 
(ĝńŗĺőĴĚ) 

ĮĶŇĴŅĦĕƟŀĴŌĸ 
(KB) 

ěņĬĺĬĕƟŀĴŌĸ 
&Record) 

1 104 2,043 
12 210 3,369 
24 616 10,746 

 

 

ĳŅıĪňŗȮ5.4ȮŐĽħĚįĸĮĶŇĴŅĦĕƟŀĴŌĸĪňŗěńħŏĔŖĭĸĚĭĬľĬƞĺĵėĺŅĴěņĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭ 

 ěŅĔįĸĔŅĶĪħĸŀĚĮĶŇĴŅĦĔŅĶěńħŏĔŖĭĕƟŀĴŌĸĸĚĭĬľĬƞĺĵėĺŅĴěņĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭŒĬ
ĨŅĶŅĚĪňŗȮ5.6 ıĭĺƞŅȮĮĶŇĴŅĦĕƟŀĴŌĸĪňŗěńħŏĔŖĭĸĚĭĬľĬƞĺĵėĺŅĴěņľĸńĔĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭ ŏĴŊŗŀ
ıŇěŅĶĦŅŏĮĶňĵĭŏĪňĵĭĔŅĶŒĝƟıŊŘĬĪňŗĔńĭľĬƞĺĵėĺŅĴěņȮ1 MB ŏĺĸŅŒĬĔŅĶŏĔŖĭĕƟŀĴŌĸȮ1 ĝńŗĺőĴĚŒĝƟıŊŘĬĪňŗœĮȮ
95.9 KB ėŇħŏĮƦĬȮ9.37Ȯ%ȮŏĺĸŅŒĬĔŅĶŏĔŖĭĕƟŀĴŌĸȮ12 ĝńŗĺőĴĚŒĝƟıŊŘĬĪňŗœĮȮ154 KB ėŇħŏĮƦĬȮ15.04Ȯ% 
ŏĺĸŅŒĬĔŅĶŏĔŖĭĕƟŀĴŌĸȮ24 ĝńŗĺőĴĚŒĝƟıŊŘĬĪňŗœĮȮ215.9 KB ėŇħŏĮƦĬȮ21.08Ȯ% ŐĸŃŏĺĸŅŒĬĔŅĶŏĔŖĭĕƟŀĴŌĸȮ
48 ĝńŗĺőĴĚŒĝƟıŊŘĬĪňŗœĮȮ270.2 KB ėŇħŏĮƦĬȮ26.39Ȯ% ĴŀĚőħĵĳŅıĶĺĴŒĝƟıŊŘĬĪňŗŒĬĔŅĶěńħŏĔŖĭĬƟŀĵĴŅĔȮěŉĚ
ĽĶŋĮœħƟĺƞŅȮĮĶŇĴŅĦĕŀĚĕƟŀĴŌĸĪňŗěńħŏĔŖĭĸĚĭĬľĬƞĺĵėĺŅĴěņľĸńĔĕŀĚŀŋĮĔĶĦƢœĴƞĽƞĚįĸĔĶŃĪĭĪņŒľƟ
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ŀŋĮĔĶĦƢŏĮƦĬįĸħňĪņŒľƟĽŅĴŅĶĩĬņŀŋĮĔĶĦƢœĮŒĝƟŏĔŖĭĕƟŀĴŌĸœħƟŏĮƦĬŏĺĸŅĬŅĬőħĵœĴƞĨƟŀĚĔńĚĺĸĺƞŅıŊŘĬĪňŗŒĬ
ĔŅĶěńħŏĔŖĭěŃŏĨŖĴȮŐĸŃŀňĔĮĶŃĔŅĶľĬŉŗĚœĲĸƢĪňŗĩŌĔěńħŏĔŖĭœĺƟĴňĕĬŅħŏĸŖĔőŀĔŅĽŒĬŀĬŅėĨĽŅĴŅĶĩĬņ
ŀŋĮĔĶĦƢœĮıńĥĬŅĨƞŀŒľƟĽƞĚĕƟŀĴŌĸœĮěńħŏĔŖĭĭĬȮCloud StorageȮœħƟȮĪņŒľƟĔŅĶŏĶňĵĔħŌĕƟŀĴŌĸĚƞŅĵĵŇŗĚĕŉŘĬ
ĔĺƞŅŏħŇĴ 

 5.1.5 ĔŅĶŏĔŖĭĕƟŀĴŌĸĽńĠĠŅĦȮWi-Fi probe ěŅĔĽĩŅĬĪňŗĪħĸŀĚ 

  5.1.5.1 ĪħĸŀĚŏĔŖĭĕƟŀĴŌĸőħĵĶŃĭŋěņĬĺĬėĬ ŏĮƦĬĔŅĶŏĔŖĭĕƟŀĴŌĸőħĵĔŅĶŒľƟėĬ
ěņĬĺĬȮ10 ėĬȮŐĽħĚĨńĺĨĬħƟĺĵĔŅĶŏĮƕħĨńĺĶńĭĽńĠĠŅĦȮWi-Fi ĭĬŀŋĮĔĶĦƢȮŐĸƟĺĪņĔŅĶĨĶĺěěńĭėĬĪňŗ
ŀĵŌƞŒĬıŊŘĬĪňŗ 

ĨŅĶŅĚĪňŗȮ5.7 ĨŅĶŅĚŐĽħĚįĸĔŅĶĪħĸŀĚĔŅĶĨĶĺěěńĭěņĬĺĬėĬőħĵĶŃĭŋěņĬĺĬėĬ 

ĽĩŅĬĪňŗ 
1 ėĶńŘĚ 
ŐĸƟĺľŅĵœĮ 

Wi-Fi 
Hotspot 

ŀĵŌƞĨńŘĚŐĨƞȮ 
ŏĶŇŗĴȮ+Ȯěĭ 

œĴƞŏĔŇĬȮ 
1 ĬŅĪň 

ĴŅĔĔĺƞŅȮ 
1 ĬŅĪň 

ıŊŘĬĪňŗĪħĸŀĚ 34 4 2 0 7 
 
 ěŅĔįĸĔŅĶĪħĸŀĚĔŅĶĨĶĺěěńĭěņĬĺĬėĬŒĬĽĩŅĬĪňŗĪħĸŀĚĪňŗĴňĔŅĶĶŃĭŋěņĬĺĬėĬĪňŗŏĕƟŅĴŅŒĬ
ĽĩŅĬĪňŗȮŒĬĔŅĶĪħĸŀĚĬňŘěŃŒĝƟėĬĪňŗĴňŀŋĮĔĶĦƢŏĮƕħĽńĠĠŅĦœĺƟěņĬĺĬȮ10 ėĬȮĪħĸŀĚŏĔŖĭĕƟŀĴŌĸŏĮƦĬŏĺĸŅȮ
1 ĝńŗĺőĴĚȮœħƟįĸĔŅĶĪħĸŀĚħńĚĨŅĶŅĚĪňŗȮ5.7ȮĽĶŋĮœħƟĺƞŅȮěņĬĺĬėĬĪňŗŏĕƟŅĴŅŒĬıŊŘĬĪňŗĪħĸŀĚĴňěņĬĺĬȮ9 ėĬȮ
őħĵěņŐĬĔŏĮƦĬėĬĪňŗŀĵŌƞŒĬıŊŘĬĪňŗĨńŘĚŐĨƞŏĶŇŗĴěĬěĭĔŅĶĪħĸŀĚȮ2 ėĬŐĸŃŀĵŌƞĴŅĔĔĺƞŅȮ1 ĬŅĪňȮěņĬĺĬȮ7 
ėĬȮŏľĨŋįĸĪňŗœĴƞĽŅĴŅĶĩĬńĭěņĬĺĬėĬœħƟȮ1 ėĬȮŏĬŊŗŀĚěŅĔĴňěņĬĺĬȮ1ȮŀŋĮĔĶĦƢĪňŗĴňĔŅĶȮRandom Mac 
Address ĨĸŀħŏĺĸŅĪňŗŏĕƟŅĴŅŒĬıŊŘĬĪňŗ 
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  5.1.5.2 ĪħĸŀĚŒĬĽĩŅĬĪňŗĪħĸŀĚȮėŊŀȮĶƟŅĬĭƟŅĬĔŅŐĲȮŐĸŃĽŃıŅĬĕƟŅĴŐĴƞĬŘņŐėĺȮ
ěńĚľĺńħĔŅĠěĬĭŋĶňȮœħƟįĸĔŅĶĪħĸŀĚȮħńĚĬňŘ 

 

ĳŅıĪňŗȮ5.5ȮŐĽħĚĨńĺŀĵƞŅĚĕƟŀĴŌĸĪňŗěńħŏĔŖĭĸĚĭĬľĬƞĺĵėĺŅĴěņĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭȮĽĩŅĬĪňŗĽŃıŅĬĕƟŅĴ
ŐĴƞĬŘņŐėĺȮěńĚľĺńħĔŅĠěĬĭŋĶň 

 

ĳŅıĪňŗȮ5.6ȮŐĽħĚĨńĺŀĵƞŅĚĕƟŀĴŌĸĪňŗěńħŏĔŖĭĸĚĭĬľĬƞĺĵėĺŅĴěņĕŀĚŀŋĮĔĶĦƢĨĶĺěěńĭȮĽĩŅĬĪňŗĶƟŅĬĭƟŅĬ
ĔŅŐĲ 
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ĨŅĶŅĚĪňŗȮ5.8 ĨŅĶŅĚŐĽħĚįĸĔŅĶĪħĸŀĚĔŅĶĨĶĺěěńĭěņĬĺĬėĬŒĬĽĩŅĬĪňŗĪħĸŀĚ 

ĽĩŅĬĪňŗ 
1 ėĶńŘĚ 
ŐĸƟĺľŅĵœĮ 

Wi-Fi 
Hotspot 

ŀĵŌƞĨńŘĚŐĨƞȮ 
ŏĶŇŗĴȮ+Ȯěĭ 

œĴƞŏĔŇĬȮ 
1 ĬŅĪň 

ĴŅĔĔĺƞŅȮ 
1 ĬŅĪň 

ĶƟŅĬĭƟŅĬĔŅŐĲ 1128 4 1 2 3 
ĽŃıŅĬĕƟŅĴŐĴƞĬŘņŐėĺ 1344 26 3 3 10 

 ěŅĔįĸĔŅĶĪħĸŀĚĔŅĶĨĶĺěěńĭěņĬĺĬėĬŒĬĽĩŅĬĪňŗĪħĸŀĚŒĝƟŏĺĸŅŒĬĔŅĶĨĶĺěěńĭŐĸŃŏĔŖĭ
ĕƟŀĴŌĸȮ1 ĝńŗĺőĴĚȮŏĬŊŗŀĚěŅĔĴňĔŅĶěņĔńħŏĶŊŗŀĚĕŀĚŏĺĸŅŒĬĔŅĶŒĝƟĚŅĬŒĬĽĩŅĬĪňŗŐĸŃœĴƞĸŃŏĴŇħĽŇĪīŇśĕŀĚįŌƟŀĵŌƞ
ĭĶŇŏĺĦĬńŘĬĴŅĔěĬŏĔŇĬœĮħńĚĕƟŀĴŌĸŒĬĨŅĶŅĚĪňŗȮ5.8 ĔŅĶĮĶŃŏĴŇĬįĸĔŅĶĨĶĺěěńĭěņĬĺĬėĬěŅĔĽĩŅĬĪňŗ
ěĶŇĚőħĵŐĵĔĨŅĴĮĶŃŏħŖĬĕŀĚĽĩŅĬĪňŗȮėŊŀȮĶƟŅĬĭƟŅĬĔŅŐĲȮŐĸŃĽŃıŅĬĕƟŅĴŐĴƞĬŘņŐėĺȮěńĚľĺńħ
ĔŅĠěĬĭŋĶň 

 ĶƟŅĬĭƟŅĬĔŅŐĲȮĽŅĴŅĶĩĺŇŏėĶŅŃľƢœħƟĺƞŅȮĴňěŋħĔŅĶĔĶŃěŅĵĽńĠĠŅĦĳŅĵŒĬĶƟŅĬěņĬĺĬȮ4 ěŋħȮĴň
ĮĶŃĝŅĔĶĪňŗŏĮƦĬŏěƟŅĕŀĚĶƟŅĬľĶŊŀŏĮƦĬĭŋėėĸŒĬĭƟŅĬľĸńĚĬńŘĬȮěņĬĺĬȮ1 ėĬȮįŌƟĪňŗĽĬŒěŏĕƟŅĶƟŅĬĴŅĞŊŘŀĽŇĬėƟŅ
ŐĸŃıńĔįƞŀĬœĴƞŏĔŇĬȮ1 ĬŅĪňȮěņĬĺĬȮ2 ėĬȮŐĸŃĸŌĔėƟŅĪňŗŐĺŃĴŅıńĔįƞŀĬĴŅĔĔĺƞŅȮ1ȮĬŅĪňȮěņĬĺĬȮ3 ėĬȮ
ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶĬńĭħƟĺĵĔŅĶěħĭńĬĪŉĔĕŀĚįŌƟĪħĸŀĚěŅĔĔŅĶĬńĭœħƟȮ14 ėĬȮěŉĚĽĶŋĮĮĶŃŏħŖĬĶƟŅĬ
ĭƟŅĬĔŅŐĲœħƟĺƞŅȮĭĶŇĭĪĽĩŅĬĪňŗŒĬĶŌĮŐĭĭĕŀĚĶƟŅĬĭƟŅĬĔŅŐĲĪňŗĴňĶŃĵŃľƞŅĚěŅĔŐľĸƞĚĝŋĴĝĬĶŃĵŃĶńĻĴň
őħĵĶŀĭŏĔŇĬ 100 ŏĴĨĶȮĴňĮĶŃĝŅĔĶĳŅĵŒĬĭĶŇŏĺĦœĴƞľĬŅŐĬƞĬħńĚĳŅıĪňŗȮ4.21ȮĽŅĴŅĶĩĬņŀŋĮĔĶĦƢœĮ
ŒĝƟŒĬĔŅĶĮĶŃŏĴŇĬįĸœħƟȮĩŉĚŐĴƟěŃĴňėĺŅĴŐĴƞĬĵņœĴƞĽŌĚĴŅĔŐĨƞĽŅĴŅĶĩĨĶĺěĽŀĭĕƟŀĴŌĸĮĶŃĝŅĔĶŐĭĭ
ĮĶŃĴŅĦĔŅĶŒľƟĔńĭįŌƟĭĶŇľŅĶĶƟŅĬœħƟıŇěŅĶĦŅĨńħĽŇĬŒěĺŅĚŐįĬŒĬŀĬŅėĨȮŏĝƞĬȮĔŅĶĮĶńĭĮĶŋĚĶƟŅĬȮĕĵŅĵ
ĔŇěĔŅĶȮľĶŊŀŏıŇŗĴĽŇĬėƟŅŒľĴƞȮŏıŊŗŀħŉĚħŌħėĺŅĴĽĬŒěĕŀĚĸŌĔėƟŅĽŅĴŅĶĩŏıŇŗĴĵŀħĕŅĵŒľƟĴŅĔĕŉŘĬĨƞŀœĮ 

 ĽŃıŅĬĕƟŅĴŐĴƞĬŘņŐėĺȮěńĚľĺńħĔŅĠěĬĭŋĶňȮĽŅĴŅĶĩĺŇŏėĶŅŃľƢœħƟĺƞŅȮĴňěŋħĔŅĶĔĶŃěŅĵĽńĠĠŅĦ
ĳŅĵŒĬĭĶŇŏĺĦěņĬĺĬȮ26 ěŋħȮĴňĮĶŃĝŅĔĶĪňŗŏĮƦĬŏěƟŅĕŀĚĶƟŅĬľĶŊŀŏĮƦĬĭŋėėĸĪňŗŀĵŌƞĮĶŃěņŒĬĽĩŅĬĪňŗȮ
ěņĬĺĬȮ3 ėĬȮįŌƟĪňŗĽĬŒěŏĕƟŅĴŅŏĪňŗĵĺĭĶŇŏĺĦœĴƞŏĔŇĬȮ1 ĬŅĪňȮěņĬĺĬȮ3 ėĬȮŐĸŃįŌƟĪňŗĴŅĪƞŀĚŏĪňŗĵĺŀĵŌƞĳŅĵŒĬ
ĭĶŇŏĺĦĴŅĔĔĺƞŅȮ1ȮĬŅĪňȮěņĬĺĬ 10 ėĬȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶĬńĭħƟĺĵĔŅĶěħĭńĬĪŉĔĕŀĚįŌƟĪħĸŀĚ
ěŅĔĔŅĶĬńĭœħƟȮ57 ėĬȮĮĶŃŏħŖĬĽĩŅĬĪňŗĪƞŀĚŏĪňŗĵĺĽŃıŅĬĕƟŅĴŐĴƞĬŘņŐėĺȮěńĚľĺńħĔŅĠěĬĭŋĶňȮĞŉŗĚŏĮƦĬ
ĽĩŅĬĪňŗĪƞŀĚŏĪňŗĵĺĮĶŃěņěńĚľĺńħĔŅĠěĬĭŋĶňĴňěņĬĺĬĬńĔĪƞŀĚŏĪňŗĵĺěņĬĺĬĴŅĔ ĨńŘĚŀĵŌƞŒĬıŊŘĬĪňŗĭĶŇĭĪ
őħĵĶŀĭŏĮƦĬŐľĸƞĚĝŋĴĝĬĴňěņĬĺĬĮĶŃĝŅĔĶľĬŅŐĬƞĬħńĚĳŅıĪňŗȮ4.22ȮěŉĚĽĶŋĮœħƟĺƞŅȮĽŅĴŅĶĩĬņŀŋĮĔĶĦƢ
œĮŒĝƟŒĬĔŅĶĮĶŃŏĴŇĬįĸœħƟȮĩŉĚŐĴƟěŃĴňėĺŅĴŐĴƞĬĵņœĴƞĽŌĚĴŅĔŐĨƞĽŅĴŅĶĩĨĶĺěĽŀĭĕƟŀĴŌĸĮĶŃĝŅĔĶŐĭĭ
ĮĶŃĴŅĦĔŅĶŒľƟĔńĭįŌƟĭĶŇľŅĶĽĩŅĬĪňŗĪƞŀĚŏĪňŗĵĺœħƟĨńħĽŇĬŒěĺŅĚŐįĬĔŅĶěńħĔŅĶŒĬŀĬŅėĨȮŏĝƞĬȮĔŅĶ
ıńĥĬŅȮĮĶńĭĮĶŋĚȮĞƞŀĴŐĞĴȮľĶŊŀŏıŇŗĴŏĨŇĴĽŇŗĚĮĸŌĔĽĶƟŅĚȮŏıŊŗŀħŉĚħŌħĬńĔĪƞŀĚŏĪňŗĵĺŒľƟĴŅŏĪňŗĵĺŒĬĽĩŅĬĪňŗŐľƞĚ
ĬňŘŒľƟĴŅĔĕŉŘĬ 
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5.2 įĸĔŅĶĪħĸŀĚĮĶŃŏĴŇĬįĸĔŅĶŒĝƟŀŋĮĔĶĦƢěńĭĽńĠĠŅĦȮWi-Fi probe ŒĬĔŅĶľŅĨņŐľĬƞĚĕŀĚ

ĽńĠĠŅĦŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗ 

 ěŅĔįĸĔŅĶĪħĸŀĚŒĬľńĺĕƟŀĪňŗȮ5.1 ěŃŏľŖĬœħƟĺƞŅĔŅĶŒĝƟĨńĺĶńĭĽńĠĠŅĦȮ 1ȮĨńĺŒĬĔŅĶĨĶĺěěńĭėĬ

ĪňŗŏĕƟŅĴŅŒĬĽĩŅĬĪňŗȮĽŅĴŅĶĩĭŀĔœħƟŐėƞŏıňĵĚĔŅĶŏĕƟŅĴŅŐĸŃŀŀĔœĮĕŀĚėĬĪňŗŏĕƟŅĴŅȮŐĨƞĩƟŅĨƟŀĚĔŅĶĪĶŅĭ

ĩŉĚĪŇĻĪŅĚĔŅĶŏĕƟŅĴŅȮľĶŊŀĨņŐľĬƞĚĕŀĚŀŋĮĔĶĦƢěņŏĮƦĬĨƟŀĚŒĝƟĨńĺĶńĭĽńĠĠŅĦĴŅĔĔĺƞŅȮ1 ĨńĺȮŒĬĔŅĶ

ĪħĸŀĚĬňŘěŃŒĝƟĨńĺĶńĭĭĽńĠĠŅĦȮ3ȮĨńĺȮŏıŊŗŀĔņľĬħĨņŐľĬƞĚŐĸŃĪŇĻĪŅĚĕŀĚĨńĺŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗħńĚĺŇīňįĸ

ĔŅĶĪħĸŀĚĨƞŀœĮĬňŘ 

ĨŅĶŅĚĪňŗȮ5. 9 ŐĽħĚėƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŒĬĶŃĵŃĪŅĚŏıŇŗĴĕŉŘĬėĶńŘĚĸŃȮ5 ŏĴĨĶȮ 

ĶŃĵŃ
&ŏĴĨĶ' 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 

ėĺŅĴŐĶĚ
ĽńĠĠŅĦ
&dBm) 

-32 -47 -59 -67 -70 -73 -76 -79 -81 -81 -82 -83 -84 -85 -85 -86 -88 -90 -91 

 

ĳŅıĪňŗȮ5.7ȮŐĽħĚįĸėƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦŒĬĶŃĵŃĪŅĚŏıŇŗĴĕŉŘĬėĶńŘĚĸŃȮ3ȮŏĴĨĶ 

 ěŅĔĨŅĶŅĚĪňŗȮ5. 9ȮŏĮƦĬĔŅĶĭńĬĪŉĔįĸĔŅĶŏĔŖĭĕƟŀĴŌĸěŅĔĔŅĶĺńħėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĕŀĚ
ŀŋĮĔĶĦƢĨĶĺěěńĭěņĬĺĬȮ1 ĨńĺȮőħĵĔŅĶĺńħŐĸŃĭńĬĪŉĔĨŅĴĶŃĵŃĪŅĚŏıŇŗĴĕŉŘĬėĶńŘĚĸŃȮ5 ŏĴĨĶȮŐĽħĚįĸŒĬ
ĶŌĮŐĭĭĕŀĚĔĶŅĲȮĳŅıĪňŗȮ5.7ȮěŃŏľŖĬœħƟĺƞŅėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĪňŗŀƞŅĬœħƟȮĽŅĴŅĶĩĭŀĔĩŉĚĶŃĵŃĪŅĚ
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œħƟŏıĶŅŃĶŃĵŃĪŅĚœĔĸĕŉŘĬĽńĠĠŅĦĔŖĸħĬƟŀĵĸĚĨŅĴĶŃĵŃȮŐĨƞĕƟŀĴŌĸĔŖĴňėĺŅĴėĸŅħŏėĸŊŗŀĬŀĵŌƞĭƟŅĚȮěŉĚ
ŐĬŃĬņĔŅĶŐĔƟĮƤĠľŅĬňŘħƟĺĵĺŇīňĔŅĶȮleast squares method ŏıŊŗŀŒĝƟŒĬľŅĶŃĵŃľƞŅĚěŅĔĨńĺĶńĭĽńĠĠŅĦ
ŐĽħĚįĸĸńıīƢŒĬĳŅıĪňŗȮ5.8  

Ὢὼ πȢρφππρφςχὩ Ȣ  
 

 

ĳŅıĪňŗȮ5.8ȮŐĽħĚėƞŅĪňŗŏľĴŅŃĽĴĪňŗĽŋħĕŀĚėĺŅĴŐĶĚĽńĠĠŅĦŐĸŃĶŃĵŃĪŅĚěŅĔĽĴĔŅĶ 

 ěŅĔĳŅıĪňŗȮ3,6ȮŏĮƦĬĔŅĶĮĶŃĴŅĦĶŃĵŃľƞŅĚěŅĔėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĪňŗĺńħěŅĔŏĞŖĬŏĞŀĶƢĨƞŅĚŕȮ
ĽŅĴĨńĺŒĬĽĩŅĬĪňŗĪħĸŀĚȮőħĵĔņľĬħŒľƟȮExponential ĴňėƞŅȮroot mean squares error (RMSE) 
ŏĪƞŅĔńĭȮ2,0/436617ȮŐĸŃȮὙȮŏĪƞŅĔńĭȮ.,7642 
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 ŏĴŊŗŀĨƟŀĚĔŅĶľŅĨņŐľĬƞĚŐĸŃĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚŀŋĮĔĶĦƢĪňŗŀĵŌƞŒĬıŊŘĬĪňŗěņŏĮƦĬĨƟŀĚŒĝƟĨńĺĶńĭ
ĽńĠĠŅĦĴŅĔĔĺƞŅȮ1 ĨńĺȮĔŅĶĪħĸŀĚĬňŘŒĝƟĨńĺĶńĭĽńĠĠŅĦȮ3 ĨńĺȮœħƟįĸĸńıīƢħńĚĨŅĶŅĚĪňŗȮ5.10ȮĨŅĶŅĚĪňŗȮ
5.11ȮŐĸŃȮĨŅĶŅĚĪňŗȮ5.12ȮĨŅĴĸņħńĭ 

ĨŅĶŅĚĪňŗȮ5.10ȮĨŅĶŅĚŐĽħĚĔŅĶĭńĬĪŉĔįĸĔŅĶĔŅĶŏėĸŊŗŀĬĪňŗŒĬĶŌĮŐĭĭĪňŗȮ1ȮĨŅĴĳŅıĪňŗȮ4.26 

ŀĚĻŅ ĨńĺĶńĭĽńĠĠŅĦ 

ĶŃĵŃĪŅĚ (ŏĴĨĶ' 

0 5 10 15 20 25 30 35 40 45 50 

RSSI (dBm) 

0 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -76 -77 -76 -79 -78 -79 -80 -82 -87 -89 -89 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -63 -69 -65 -64 -66 -67 -68 -71 -72 -78 -76 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -65 -61 -64 -67 -72 -76 -77 -81 -84 -86 -85 

45 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -73 -76 -74 -75 -76 -80 -79 -81 -81 -82 -87 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -73 -65 -66 -69 -72 -74 -79 -82 -80 -84 -86 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -59 -54 -46 -56 -68 -70 -76 -77 -76 -78 -86 

90 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -59 -68 -68 -73 -74 -75 -76 -79 -83 -86 

ĔņŐıĚ ĨńĺĶńĭĽńĠĠŅĦȮ2 -68 -74 -76 -76 -82 -80 -82 -82 -85 -89 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -59 -47 -38 -51 -69 -68 -70 -73 -75 -81 

135 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -66 -65 -65 -70 -72 -74 -76 -78 -77 -78 -85 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -70 -73 -75 -76 -74 -77 -81 -82 -83 -87 -85 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -61 -55 -58 -62 -64 -69 -73 -74 -77 -76 -79 

180 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -69 -67 -59 -57 -62 -69 -70 -74 -78 -80 -86 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -73 -72 -76 -78 -80 -84 -84 -85 -88 -87 -90 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -57 -64 -72 -71 -70 -74 -74 -79 -79 -80 -81 

225 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -53 -47 -44 -43 -60 -67 -69 -78 -78 -79 -80 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -57 -60 -65 -73 -70 -72 -75 -78 -81 -82 -88 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -53 -66 -74 -72 -75 -81 -79 -82 -85 -86 -92 
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ŀĚĻŅ ĨńĺĶńĭĽńĠĠŅĦ 

ĶŃĵŃĪŅĚ (ŏĴĨĶ' 

0 5 10 15 20 25 30 35 40 45 50 

RSSI (dBm) 

270 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -69 -66 -57 -69 -76 -78 -81 -85 -87 -88 

ĔņŐıĚ ĨńĺĶńĭĽńĠĠŅĦȮ2 -68 -54 -63 -64 -65 -70 -74 -76 -78 -84 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -67 -71 -72 -71 -75 -78 -80 -85 -89 -91 

315 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -64 -62 -65 -70 -76 -78 -80 -79 -83 -85 -86 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -69 -65 -52 -44 -59 -67 -68 -76 -77 -79 -81 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -48 -59 -64 -75 -77 -76 -79 -76 -79 -83 -89 

ĨŅĶŅĚĪňŗȮ5.11ȮĨŅĶŅĚŐĽħĚĔŅĶĭńĬĪŉĔįĸĔŅĶĔŅĶŏėĸŊŗŀĬĪňŗŒĬĶŌĮŐĭĭĪňŗȮ2ȮĨŅĴĳŅıĪňŗȮ4.27 

ŀĚĻŅ ĨńĺĶńĭĽńĠĠŅĦ 

ĶŃĵŃĪŅĚ (ŏĴĨĶ' 

0 5 10 15 20 25 30 35 40 45 50 

RSSI (dBm) 

0 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -57 -65 -68 -69 -72 -75 -75 -76 -78 -80 -83 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -63 -59 -50 -37 -58 -66 -76 -80 -87 -79 -82 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -68 -66 -70 -72 -69 -73 -76 -81 -84 -81 -91 

45 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -63 -66 -70 -76 -80 -82 -83 -85 -86 -83 -86 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -74 -64 -62 -63 -61 -61 -65 -66 -73 -75 -77 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -74 -72 -67 -68 -66 -71 -74 -76 -75 -80 -85 

90 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -71 -67 -65 -52 -61 -74 -63 -78 -78 -84 -81 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -69 -68 -63 -68 -72 -77 -79 -74 -79 -85 -80 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -49 -54 -57 -71 -70 -70 -76 -79 -81 -87 -86 

135 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -47 -61 -71 -71 -70 -77 -77 -80 -81 -78 -88 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -74 -81 -78 -81 -83 -84 -85 -88 -88 -92 -90 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -79 -72 -76 -80 -72 -86 -84 -80 -79 -85 -80 
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ŀĚĻŅ ĨńĺĶńĭĽńĠĠŅĦ 

ĶŃĵŃĪŅĚ (ŏĴĨĶ' 

0 5 10 15 20 25 30 35 40 45 50 

RSSI (dBm) 

180 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -49 -27 -68 -79 -80 -78 -81 -86 -88 -84 -89 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -76 -77 -80 -83 -85 -90 -86 -89 -88 -88 -92 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -79 -75 -72 -77 -80 -78 -77 -88 -89 -82 -93 

225 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -73 -75 -81 -84 -88 -86 -90 -90 -89 -87 -94 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -65 -70 -68 -69 -78 -84 -85 -84 -90 -88 -90 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -65 -67 -71 -74 -73 -77 -85 -84 -85 -87 -94 

270 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -57 -59 -74 -72 -81 -83 -88 -83 

ĔņŐıĚ ĨńĺĶńĭĽńĠĠŅĦȮ2 -68 -68 -65 -71 -74 -75 -78 -84 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -67 -76 -65 -78 -79 -80 -81 -87 

315 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -62 -81 -87 -82 -83 -82 -86 -86 -84 -87 -91 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -81 -76 -60 -62 -57 -68 -75 -74 -76 -74 -81 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -79 -74 -69 -79 -89 -89 -90 -83 -87 -89 -87 

ĨŅĶŅĚĪňŗȮ5.12ȮĨŅĶŅĚŐĽħĚĔŅĶĭńĬĪŉĔįĸĔŅĶĔŅĶŏėĸŊŗŀĬĪňŗŒĬĶŌĮŐĭĭĪňŗȮ3ȮĨŅĴĳŅıĪňŗȮ4.28 

ŀĚĻŅ ĨńĺĶńĭĽńĠĠŅĦ 

ĶŃĵŃĪŅĚ (ŏĴĨĶ' 

0 5 10 15 20 25 30 35 40 45 50 

RSSI (dBm) 

0 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -70 -73 -77 -76 -82 -86 -85 -85 -87 -90 -89 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -55 -57 -62 -65 -69 -75 -72 -74 -77 -81 -83 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -67 -72 -75 -75 -78 -79 -83 -80 -81 -84 -88 

45 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -69 -74 -75 -74 -75 -77 -78 -78 -79 -84 -87 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -66 -67 -73 -75 -77 -78 -78 -80 -78 -79 -86 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -67 -70 -71 -68 -75 -76 -79 -83 -82 -84 -91 
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ŀĚĻŅ ĨńĺĶńĭĽńĠĠŅĦ 

ĶŃĵŃĪŅĚ (ŏĴĨĶ' 

0 5 10 15 20 25 30 35 40 45 50 

RSSI (dBm) 

90 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -69 -70 -74 -75 -77 -73 -77 -78 -83 -89 

ĔņŐıĚ ĨńĺĶńĭĽńĠĠŅĦȮ2 -65 -69 -73 -76 -77 -79 -82 -85 -86 -86 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -68 -64 -67 -68 -74 -75 -77 -78 -78 -83 

135 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -72 -67 -70 -67 -69 -75 -76 -79 -78 -79 -84 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -63 -65 -65 -71 -72 -77 -79 -81 -84 -86 -87 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -67 -59 -48 -52 -66 -72 -75 -74 -76 -77 -81 

180 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -73 -71 -68 -65 -58 -60 -64 -65 -73 -76 -79 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -63 -68 -72 -74 -74 -77 -77 -80 -85 -85 -83 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -66 -54 -47 -56 -65 -70 -72 -74 -76 -79 -84 

225 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -74 -71 -65 -60 -55 -52 -57 -65 -70 -74 -82 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -63 -61 -46 -54 -65 -71 -73 -72 -75 -77 -80 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -62 -62 -67 -71 -72 -74 -77 -75 -81 -82 -86 

270 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -72 -75 -67 -72 -76 -77 -76 -78 -81 -83 

ĔņŐıĚ ĨńĺĶńĭĽńĠĠŅĦȮ2 -67 -56 -41 -57 -66 -73 -75 -79 -82 -82 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -67 -75 -76 -79 -80 -83 -84 -85 -89 -91 

315 

ĨńĺĶńĭĽńĠĠŅĦȮ1 -69 -70 -75 -77 -79 -81 -79 -80 -83 -83 -91 

ĨńĺĶńĭĽńĠĠŅĦȮ2 -60 -55 -67 -68 -69 -72 -75 -76 -78 -82 -81 

ĨńĺĶńĭĽńĠĠŅĦȮ3 -65 -70 -71 -74 -77 -76 -78 -82 -84 -88 -92 

 
 ěŅĔĬňŘŏĮƦĬĔŅĶĮĶŃĴŅĦĶŃĵŃĪŅĚěŅĔėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĪňŗĺńħěŅĔěŋħŏĝŊŗŀĴĨƞŀĪňŗŐĨĔĨƞŅĚ
ĔńĬĽŅĴěŋħŒĬĽĩŅĬĪňŗȮĕńŘĬĨŀĬĬňŘĔņĸńĚěńħĔŅĶĔńĭĮƤĠľŅĔŅĶľŅĨņŐľĬƞĚĕŀĚěŋħȮŏĴŊŗŀĪĶŅĭĶŃĵŃĪŅĚěŅĔ
ĨńĺĶńĭĽńĠĠŅĦĽŅĴěŋħ ĺŇīňĔŅĶĬňŘŏĶňĵĔĺƞŅĔŅĶŐĔƟĮƤĠľŅ trilaterationȮĴňĔŅĶĻŉĔļŅĚŅĬĺŇěńĵľĸŅĵĚŅĬŒĝƟ
ĔŅĶŐĔƟĮƤĠľŅȮtrilaterationȮY7[ȮY01[ȮY02[ ħńĚĬńŘĬĽŇŗĚĪňŗĨƟŀĚĔŅĶȮėŊŀȮĨņŐľĬƞĚěŋħĨńħĕŀĚĺĚĔĸĴĽŅĴĺĚȮ
ĔņľĬħŒľƟȮὼȟώ ŏĮƦĬıŇĔńħĕŀĚěŋħĪňŗĨƟŀĚĔŅĶľŅȮŐĸŃĔņľĬħŒľƟȮSensor 1 ŏĮƦĬěŋħŀƟŅĚŀŇĚȮŏĝƞĬȮSensor 
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1 ὼȟώ  ŒľƟŀĵŌƞĪňŗěŋħŏĶŇŗĴĨƟĬȮπȟπȮıŇĔńħĕŀĚěŋħȮSensor 2 ὼȟώȮŏĪƞŅĔńĭ ςπȟπ ȮŐĸŃȮSensor 3Ȯ
ὼȟώ  ŏĪƞŅĔńĭ ρπȟЍσππȮĨŅĴĸņħńĭȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ5.9ȮĕƟŀĴŌĸĬňŘĬņŏĶŅœĮĽŌƞĶŃĭĭĽĴĔŅĶœĴƞŏĝŇĚ
ŏĽƟĬȮ3 ĽĴĔŅĶȮőħĵȮὼȟώȮŏĮƦĬėƞŅĺƞŅĚ 

ὼ ὼ ώ ώ Ὠ 

ὼ ὼ ώ ώ Ὠ 

ὼ ὼ ώ ώ Ὠ 

 

ĳŅıĪňŗȮ5.9ȮĔŅĶĔņľĬħěŋħĨńħĕŀĚĺĚĔĸĴĽŅĴĺĚĕŀĚĨńĺĶńĭĽńĠĠŅĦȮ&Sensor' 

ĞŉŗĚŏĪňĵĭŏĪƞŅĔńĭ 

ὼ ὼ ώ ώ Ὠ    

 ὼ ὼ ώ ώ Ὠ  ȮȮȮȮȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮȮȮȮȮ(1.1.1) 

ὼ ὼ ώ ώ Ὠ  

 őħĵĪňŗȮὨȟὭ ρȟςȟσȮėŊŀȮĶŃĵŃĪŅĚěŅĔěŋħȮὼȟώȮœĮĵńĚěŋħĨńĺĶńĭĽńĠĠŅĦȮ/,0ȮľĶŊŀȮ1ȮĶŃĭĭ

ĽĴĔŅĶȮ&/,/,/'ȮŏĮƦĬĶŃĭĭĽĴĔŅĶœĴƞŏĝŇĚŏĽƟĬĪňŗĔņľĬħĴŅĔŏĔŇĬœĮĞŉŗĚĽƞĺĬŒľĠƞȮœĴƞĽŀħėĸƟŀĚĔńĬȮ&œĴƞĴňĺŇīň

ŐĔƟĮƤĠľŅ'ȮĽŅĴŅĶĩĔņľĬħĺŇīňŐĔƟĮƤĠľŅőħĵĮĶŃĴŅĦœħƟőħĵŒĝƟĺŇīňĔŅĶ least-squares ĪňŗœĴƞŏĝŇĚŏĽƟĬȮŏĝƞĬȮ
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Gauss-Newton, Levenberg-Marquardt ľĶŊŀĔŅĶŐĮĶįńĬŀŊŗĬŕȮŒĬĚŅĬĬňŘŒĝƟȮLevenberg-

Marquardt method ĔńĭıŅĶŅĴŇŏĨŀĶƢȮ‗ [2,3] ŏĶŇŗĴĨƟĬěŅĔ 

╕ὼȟώ

Ὢὼȟώ
Ὢὼȟώ
Ὢὼȟώ

ὼ ὼ ώ ώ Ὠ

ὼ ὼ ώ ώ Ὠ

ὼ ὼ ώ ώ Ὠ

 

 

ŐĸŃȮὐ╕ὼȟώȮŏĮƦĬ Jacobian matrix ĕŀĚȮ╕ ĪňŗěŋħȮὼȟώȮĔŅĶŐĔƟĮƤĠľŅĶŃĭĭȮ╕ὼȟώ πȮŒĬŐĚƞĔŅĶ

ĮĶńĭŒľƟŏľĴŅŃĽĴȮľĴŅĵėĺŅĴĺƞŅŏĶŅıĵŅĵŅĴĵƞŀŒľƟŏĸŖĔĽŋħȮᴁ╕ὼȟώᴁȮĬńŗĬėŊŀĮƤĠľŅěŃĔĸŅĵŏĮƦĬ 

min ᴁ╕ὼȟώᴁ ÍÉÎВ ὼ ὼ ώ ώ Ὠ                       (1.1.2) 

ĔŅĶŐĔƟĮƤĠľŅĕŀĚȮ&/,/,0'ȮœħƟĴŅěŅĔŀńĸĔŀĶŇĪŉĴĨƞŀœĮĬňŘȮŏıŊŗŀŒľƟıŅĶŅĴŇŏĨŀĶƢȮ‗ȮœĴƞĞńĭĞƟŀĬ 

 &1) ħƟĺĵĔŅĶŏħŅŏĭŊŘŀĚĨƟĬȮ╧ ὼȟώ ȮŐĔƟĮƤĠľŅħƟĺĵ 

ὐ╕ὐ╕ ‗ϽÄÉÁÇὐ╕ὐ╕ ὣ ὐ╕╕ 

 ĽņľĶńĭȮὣ 

 &2) ĮĶńĭĮĶŋĚėƞŅĕŀĚȮ╧Ȯőħĵ 

╧ ╧ ὣ 

 ĩƟŅȮ╕╧ ╕╧ ȮŏĶŅĨńŘĚėƞŅȮ‗ ȮŏĶŅĨńŘĚėƞŅȮ‗ ς‗ ŏĮƦĬŀĵƞŅĚŀŊŗĬ 

 &3) ĪņĞŘņĕńŘĬĨŀĬěĬĔĶŃĪńŗĚȮᴁ╕ὼȟώᴁ ‐ ŐĸŃȮᴁ╨ᴁ ‐ 
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 ěŅĔĳŅıĳŅıĪňŗȮ5.9ȮŏĮƦĬĔŅĶĔņľĬħıŇĔńħěŋħĨńħĕŀĚĺĚĔĸĴĽŅĴĺĚĕŀĚĨńĺĶńĭĽńĠĠŅĦȮ
&Sensor)ȮŏıŊŗŀŒĝƟŒĬĔŅĶĶŃĭŋľŅĨņŐľĬƞĚĨŅĴĽĴĔŅĶȮěŅĔĬńŘĬĬņįĸĪňŗœħƟĴŅŐĽħĚŏĮƦĬĔĶŅĲħńĚĬňŘ 

  
 (1) (2) 

 
(3) 

ĳŅıĪňŗȮ5.10 ĳŅıĨńĺŀĵƞŅĚĔŅĶĺŇŏėĶŅŃľƢįĸěŅĔĽĴĔŅĶ 

 ěŅĔĳŅıĪňŗȮ5.10ȮěŃŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶĭŀĔĪŇĻĪŅĚĕŀĚŀŋĮĔĶĦƢěŅĔĔŅĶ

ĪħĸŀĚĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃĵŃĪŅĚĔńĭėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĕŀĚĨńĺĶńĭĽńĠĠŅĦĪńŘĚȮ3 ĨńĺȮ(1) ĪŇĻ

ĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĪňŗĴŋĴȮ180 ŀĚĻŅȮĕŀĚĶŌĮŐĭĭĔŅĶŏėĸŊŗŀĬĪňŗĪňŗȮ1ȮȮ(2) ĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĪňŗĴŋĴȮ0 ŀĚĻŅȮ

ĕŀĚĶŌĮŐĭĭĔŅĶŏėĸŊŗŀĬĪňŗĪňŗȮ2 (3) ĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĪňŗĴŋĴȮ135 ŀĚĻŅȮĕŀĚĶŌĮŐĭĭĔŅĶŏėĸŊŗŀĬĪňŗĪňŗȮ3 

ĽĶŋĮœħƟĺƞŅȮĔŅĶĶŃĭŋĨņŐľĬƞĚȮŐĸŃĔŅĶĔņľĬħĪŇĻĪŅĚĕŀĚŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗĭŀĔĨņŐľĬƞĚĸŃĪŇĻĪŅĚœħƟ 
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 (1) (2) 

 
(3) 

ĳŅıĪňŗȮ5.11 ĳŅıĨńĺŀĵƞŅĚĔŅĶĺŇŏėĶŅŃľƢįĸĴŋĴĪňŗĴňėĺŅĴėĸŅħŏėĸŊŗŀĬ 

 ěŅĔĳŅıĪňŗȮ5.11ȮěŃŐĽħĚėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚĔŅĶĭŀĔĪŇĻĪŅĚĕŀĚŀŋĮĔĶĦƢěŅĔĔŅĶ
ĪħĸŀĚĕŀĚĨńĺĶńĭĽńĠĠŅĦĪńŘĚȮ3 ĨńĺȮ(1) ĔŅĶėĸŅħŏėĸŊŗŀĬĕŀĚĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĪňŗĴŋĴȮ90 ŀĚĻŅȮĕŀĚ
ĶŌĮŐĭĭĔŅĶŏėĸŊŗŀĬĪňŗĪňŗȮ1Ȯ(2) ĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĪňŗĴŋĴȮ315 ŀĚĻŅȮĕŀĚĶŌĮŐĭĭĔŅĶŏėĸŊŗŀĬĪňŗĪňŗȮ2 (3) 
ĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗĪňŗĴŋĴȮ180 ŀĚĻŅȮĕŀĚĶŌĮŐĭĭĔŅĶŏėĸŊŗŀĬĪňŗĪňŗȮ3 ĽĶŋĮœħƟĺƞŅȮĔŅĶĶŃĭŋĨņŐľĬƞĚĕŀĚ
ŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗĴňĭŅĚěŋħĪňŗĩŌĔĨƟŀĚȮŐĸŃŀňĔľĸŅĵěŋħĵńĚĭŀĔĪŇĻĪŅĚœĴƞœħƟ 
 ěŅĔĽŌĨĶĕƟŅĚĨƟĬĝƞĺĵĸħėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚĨņŐľĬƞĚŒĬŐĚƞĕŀĚȮRMSE ŀĵƞŅĚœĶĔŖĨŅĴȮ
ėĺŅĴėĸŅħŏėĸŊŗŀĬŒĬĔŅĶĮĶŃĴŅĦėƞŅŀŅěĴňěņĬĺĬĴŅĔȮŏĬŊŗŀĚěŅĔĕƟŀĴŌĸĴňĽńĠĠŅĦĶĭĔĺĬȮŐĸŃĔŅĶ
ĨĶĺěěńĭŀŅěœħƟėƞŅĪňŗįŇħĴňőŀĔŅĽŏĔŇħĕƟŀįŇħıĸŅħœħƟĪņŒľƟŏĮƦĬŏĶŊŗŀĚĪňŗĪƟŅĪŅĵĕŀĚįŌƟŏĔŖĭĕƟŀĴŌĸȮħńĚĪňŗŐĽħĚ
ŒĬĳŅıĪňŗȮ5.12ȮĶŌĮħƟŅĬĞƟŅĵȮŏĮƦĬĔŅĶĔņľĬħĨņŐľĬƞĚěŅĔĔŅĶĶĺĴĔĸŋƞĴĕŀĚěŋħőħĵĮĶŃĴŅĦŒĬĔĶŀĭĶŌĮ
ĽňŗŏľĸňŗĵĴįŊĬįƟŅȮőħĵœĴƞĶĺĴĨņŐľĬƞĚĪňŗĴňĸŌĔĻĶĽňŐħĚĪňŗœħƟĪņŏėĶŊŗŀĚľĴŅĵœĺƟȮŏĬŊŗŀĚěŅĔĨņŐľĬƞĚŏľĸƞŅĬňŘŀĵŌƞ
ľƞŅĚěŅĔĔŅĶĶĺĴĔĸŋƞĴĕŀĚěŋħŒĬĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅȮŐĴƟĺƞŅįĸĸńıīƢěŅĔĔŅĶĵĔŏĺƟĬėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬ
ħńĚĔĸƞŅĺŒĬĶŌĮħƟŅĬĞƟŅĵŀŅěħŌĽĴŏľĨŋĽĴįĸȮŐĨƞĔĸŅĵŏĮƦĬĺƞŅĪŇĻĪŅĚĪňŗŐĪƟěĶŇĚȮėŊŀȮ23ȮŀĚĻŅȮŒĬĕĦŃĪňŗŏĽƟĬ
ĽňĽƟĴĪňŗıŀħňĬńŘĬŀĵŌƞŒĔĸƟĔńĭȮ/13ȮľĶŊŀȮ+23ȮŀĚĻŅ 
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ĳŅıĪňŗȮ5.12ȮĔŅĶĮĶŃĴŅĦĨņŐľĬƞĚěĶŇĚěŅĔĨńĺĶńĭĽńĠĠŅĦĪňŗȮ0ȮŐĸŃȮĴŋĴěĶŇĚȮ23ȮŀĚĻŅ ĞƟŅĵ8ȮŏĽƟĬĪňŗıŀħň
ĔńĭěŋħĨņŐľĬƞĚĪńŘĚľĴħŐĸŃėƞŅįŇħĮĔĨŇĪňŗĴŀĚŏľŖĬœħƟĞŉŗĚĪņŏėĶŊŗŀĚľĴŅĵħƟĺĵĸŌĔĻĶĽňŐħĚȮĕĺŅ8ȮŏĽƟĬĽňĽƟĴĪňŗ

ıŀħňĔńĭěŋħŒĬĽňŗŏľĸňŗĵĴįŊĬįƟŅĞŉŗĚĪņŏėĶŊŗŀĚľĴŅĵħƟĺĵĶŌĮĽŅĴŏľĸňŗĵĴěŅĔĳŅıħƟŅĬĞƟŅĵ 

 ěŅĔĔŅĶŐĔƟĮƤĠľŅħƟĺĵĽĴĔŅĶĕƟŅĚĨƟĬȮıĭĺƞŅĵńĚĴňėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬľĸŅĵěŋħȮĪŅĚįŌƟĺŇěńĵěŉĚ
ĬņŏĽĬŀĺŇīňĔŅĶȮRANSAC (Random Sample Consensus) ĞŉŗĚŏĮƦĬĺŇīňĪňŗŒĝƟĸħėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚ
ěŋħŒľƟĬƟŀĵĸĚȮőħĵĔŅĶĽŋƞĴŏĸŊŀĔěŋħŒħŕȮěŅĔĭĶŇŏĺĦŏħňĵĺĔńĬ ŏıŊŗŀĽńĬĬŇļģŅĬĺƞŅŏĮƦĬŏĽƟĬĨĶĚȮŐĸƟĺĪņĔŅĶ
ĬńĭěņĬĺĬěŋħĪňŗŀĵŌƞĶŀĭŕȮĭĶŇŏĺĦĕŀĚŏĽƟĬőħĵěŋħĪňŗěŃıŇěŅĶĦŅĺƞŅŀĵŌƞĭĬŏĽƟĬěŃĨƟŀĚĴňĨņŐľĬƞĚĪňŗ
ŒĔĸƟŏėňĵĚĔńĭŏĽƟĬĪňŗĔņľĬħȮŐĸƟĺĪņĞŘņěĬĔĺƞŅěŃœħƟįĸĸńıīƢėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗĬƟŀĵĪňŗĽŋħĪňŗĵŀĴĶńĭœħƟȮ
ěŅĔĨŅĶŅĚĪňŗȮ5.13ȮŏĮƦĬĔŅĶĽŋƞĴěŋħěņĬĺĬȮ5 ěŋħȮŐĸƟĺĪņĞŘņĪńŘĚľĴħȮ30 ėĶńŘĚŒĬŐĨƞĸŃĴŋĴȮ 

ĨŅĶŅĚĪňŗȮ5.13ȮĔŅĶĮĶŃŏĴŇĬįĸĴŋĴĪňŗŐĪƟěĶŇĚħƟĺĵĺŇīňĔņľĬħėƞŅĨŅĴěŋħĔńĭĺŇīňĔŅĶȮRANSAC 

Start Point 
True Angle = 0 True Angle = 45 

All points fit RANSAC (n = 30 * 5) All points fit RANSAC (n = 30 * 5) 

degree degree degree degree 
1 -28.6 -25.6 -8 -12.1 
2 -6.3 -5.7 6.7 24 
3 2.7 -0.1 -32.5 -24.5 

Start Point 
True Angle = 90 True Angle = 135 

All points fit RANSAC (n = 30 * 5) All points fit RANSAC (n = 30 * 5) 
degree degree degree degree 

1 126 130.7 3.1 84.8 
2 159.6 133.9 200.4 177.3 
3 11.1 92.2 147.1 148.1 
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Start Point 
True Angle = 180 True Angle = 225 

All points fit RANSAC (n = 30 * 5) All points fit RANSAC (n = 30 * 5) 
degree degree degree degree 

1 155.9 148.6 227 228 
2 167 121 154.8 158.9 
3 193.2 193.7 201.8 222.2 

Start Point 
True Angle = 270 True Angle = 315 

All points fit RANSAC (n = 30 * 5) All points fit RANSAC (n = 30 * 5) 
degree degree degree degree 

1 326.2 330.7 346.8 -9.5 
2 211.4 211.7 350.4 343.1 
3 242.7 239.7 345.2 318 

 
ĨŅĶŅĚĪňŗȮ5.14ȮĽĶŋĮėƞŅėĺŅĴŏĮƦĬœĮœħƟĕŀĚĴŋĴĪňŗŐĪƟěĶŇĚŏĴŊŗŀįƞŅĬĺŇīňĔŅĶȮRANSAC 

Start Point 
All points fit RANSAC 

Avg SD Min Max Avg SD Min Max 

1 34.98 16.60 2.03 56.23 32.50 18.02 3.01 60.68 

2 44.60 23.70 6.33 70.17 35.19 19.68 5.74 66.10 

3 33.15 27.31 2.74 78.91 16.77 22.03 0.07 69.53 

Total Avg 37.58 22.53 3.70 68.44 28.15 19.91 2.94 65.44 
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 (1) (2) 

 
(3) 

ĳŅıĪňŗȮ5.13 ŐĽħĚĴŋĴĪňŗŐĪƟěĶŇĚŏĴŊŗŀįƞŅĬĺŇīňĔŅĶȮRANSAC 

 ĺŇīňĔŅĶȮRANSACȮĪņŒľƟœħƟįĸĸńıīƢėĺŅĴėĸŅħŏėĸŊŗŀĬĬƟŀĵĸĚȮőħĵĽńĚŏĔĨįĸĽĶŋĮěŅĔĨŅĶŅĚĪňŗȮ
5.14ȮĔƞŀĬĪņĴňįĸŏĜĸňŗĵėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬŀĵŌƞĪňŗȮ15,36ȮĨŗņĽŋħŀĵŌƞĪňŗȮ3.70ȮŐĸŃĽŌĚĽŋħŀĵŌƞȮ68.44Ȯ
ľĸńĚěŅĔŏĕƟŅĺŇīňĔŅĶȮRANSACȮŐĸƟĺĪņŒľƟėƞŅėĸŅĴėĸŅħŏėĸŊŗŀĬĸħĸĚŏĮƦĬȮ06,/3ȮĨŗņĽŋħŀĵŌƞĪňŗȮ2.94ȮŐĸŃ
ĽŌĚĽŋħŀĵŌƞȮ65.44ȮįĸĸńıīƢŏĮƦĬĪňŗĬƞŅıŉĚıŀŒěȮĽƞĚįĸĪņŒľƟĔŅĶĪŅĵįĸĴŋĴĪňŗŐĪƟěĶŇĚħňĕŉŘĬȮőħĵĽńĚŏĔĨěŅĔŏĽƟĬ
ĽňĬŘņŏĚŇĬĕŀĚĳŅıĪňŗȮ5.13ȮŏĶŅěŃŏľŖĬœħƟĺƞŅĪŇĻĪŅĚĕŀĚĴŋĴĨńĺŀĵƞŅĚȮ(1) ĴŋĴȮ180 ŀĚĻŅȮĕŀĚĶŌĮŐĭĭĔŅĶ
ŏėĸŊŗŀĬĪňŗȮ1, (2) ĴŋĴȮ0 ŀĚĻŅȮĕŀĚĶŌĮŐĭĭĔŅĶŏėĸŊŗŀĬĪňŗȮ2 ŐĸŃȮĴŋĴȮ135 ŀĚĻŅȮĕŀĚĶŌĮŐĭĭĔŅĶŏėĸŊŗŀĬĪňŗȮ
3ȮĪńŘĚĽŅĴĴŋĴĝňŘœĮŒĬĪŇĻĪŅĚĪňŗŒĔĸƟŏėňĵĚĴŅĔĪňŗĽŋħĔńĭĔŅĶĪħĸŀĚĔŅĶŏėĸŊŗŀĬĪňŗ 
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ĭĪĪňŗȮ6 

ĕƟŀŏĽĬŀŐĬŃ 

 ěŅĔįĸĔŅĶĪħĸŀĚŐĽħĚŒľƟŏľŖĬĺƞŅĽńĠĠŅĦȮWi-Fi probe ĪňŗĩŌĔĮĸƞŀĵĴŅěŅĔŀŋĮĔĶĦƢĪňŗėĬŒĝƟ

ĚŅĬĩŊŀŀĵŌƞȮĽŅĴŅĶĩŒĝƟŏıŊŗŀĨĶĺěěńĭľĶŊŀĬńĭėĬŒĬıŊŘĬĪňŗœħƟȮĔŅĶŀŀĔŐĭĭŀŋĮĔĶĦƢŒĝƟĨńĺĶńĭĽńĠĠŅĦĴň

ĨƟĬĪŋĬŒĬĔŅĶŀŀĔŐĭĭŐĸŃıĸńĚĚŅĬĨŗņȮŐĨƞĔŅĶŒĝƟĨńĺĶńĭĽńĠĠŅĦŏıňĵĚŐėƞȮ1ȮĨńĺȮŀŅěĨŀĭőěĪĵƢĔŅĶ

ĮĶŃŏĴŇĬŐėƞĶŃĵŃľƞŅĚĕŀĚŀŋĮĔĶĦƢĔńĭĨńĺĶńĭĽńĠĠŅĦŏĪƞŅĬńŘĬȮľŅĔĨƟŀĚĔŅĶĮĶŃŏĴŇĬľŅĨņŐľĬƞĚŐĸŃ

ĪŇĻĪŅĚěņŏĮƦĬĨƟŀĚŒĝƟĨńĺĶńĭĽńĠĠŅĦȮ3 ĨńĺȮŀĵƞŅĚœĶĔŖĨŅĴȮħƟĺĵėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĪňŗįńĬįĺĬĔŅĶ

ĮĶŃĴŅĦĨņŐľĬƞĚĵńĚœĴƞĩŌĔĨƟŀĚȮŐĨƞĽŅĴŅĶĩŏıŇŗĴėĺŅĴŐĴƞĬĵņŒľƟĔńĭĺŇīňĔŅĶĮĶŃŏĴŇĬįĸœħƟȮŒĬĔŅĶĻŉĔļŅ

ŐĽħĚŒľƟŏľŖĬĺƞŅĺŇīňȮRANSAC ĽŅĴŅĶĩŒĝƟŏıŊŗŀĸħėƞŅįŇħĮĔĨŇŏľĸƞŅĬňŘœħƟȮŐĸŃĵńĚŒĝƟœħƟĔńĭĨńĺĶńĭĽńĠĠŅĦ

ľĸŅĵȮŕȮĨńĺĪňŗĽƞĚĽńĠĠŅĦȮWi-Fi probe ŏĝƞĬĔńĬȮĽŅĴŅĶĩŒĝƟŏıŊŗŀŐĔƟĮƤĠĠŅľŅĸħėƞŅėĺŅĴįŇħĮĔĨŇĕŀĚ

ėĺŅĴŐĶĚĕŀĚĽńĠĠŅĦĪňŗĶĺĭĶĺĴœħƟȮ 

 ĬŀĔěŅĔĬňŘĵńĚĴňėĺŅĴĪƟŅĪŅĵľĸŅĵĮĶŃĔŅĶĪňŗĪņŒľƟœĴƞĽŅĴŅĶĩĬńĭľĶŊŀĶŃĭŋĨńĺĭŋėėĸěŅĔ

ĽńĠĠŅĦȮWi-Fi probe œħƟŀĵƞŅĚŐĴƞĬĵņȮħńĚĬňŘȮ 

 ĮĶŃĔŅĶŐĶĔȮŀŋĮĔĶĦƢıĔıŅěņĬĺĬĴŅĔŒĬĮƤěěŋĭńĬŒĝƟĔŅĶȮRandom Mac Address ŒĬĕĦŃĪňŗ

ĮĸƞŀĵĽńĠĠŅĦȮWi-Fi probe ŀŀĔĴŅȮŐĸŃœĴƞĴňĺŇīňĔŅĶŒħĪňŗĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨĶĺěěńĭŀŋĮĔĶĦƢ

ħńĚĔĸƞŅĺŀĵƞŅĚĩŌĔĨƟŀĚŒĬĮƤěěŋĭńĬȮ 

 ĮĶŃĔŅĶĪňŗĽŀĚȮĭŅĚėĬŀŅěœĴƞıĔıŅŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗȮľĶŊŀŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗœĴƞœħƟŏĮƕħŒĝƟĚŅĬȮ

Wi-Fi 

  ĮĶŃĔŅĶĪňŗĽŅĴȮĭŅĚėĬŀŅěıĔŀŋĮĔĶĦƢŏėĸŊŗŀĬĪňŗĴŅĔĔĺƞŅȮ/ȮŏėĶŊŗŀĚȮ 

 ĮĶŃĔŅĶĪňŗĽňŗȮĽŅĴŅĶĩĨĶĺěěńĭŀŋĮĔĶĦƢěŅĔıŊŘĬĪňŗŒĔĸƟŏėňĵĚőħĵŏĜıŅŃŒĬŏĕĨŏĴŊŀĚľĶŊŀıŊŘĬĪňŗ

ŐŀŀńħȮ 

 ĮĶŃĔŅĶĽŋħĪƟŅĵȮŏĬŊŗŀĚěŅĔĔŅĶĮĶńĭĮĶŋĚĔŅĶĽŊŗŀĽŅĶœĶƟĽŅĵĪŅĚŏĸŊŀĔȮŏĝƞĬȮĽńĠĠŅĦȮ2G ľĶŊŀȮ

3G ĪňŗĴňĨƟĬĪŋĬĔŅĶĶńĭĽƞĚĕƟŀĴŌĸĪňŗĩŌĔĸĚŐĨƞŀńĨĶŅĔŅĶĽƞĚĕƟŀĴŌĸĪňŗĽŌĚĕŉŘĬȮėĺŅĴěņŏĮƦĬŒĬĔŅĶŒĝƟȮWi-Fi ěŃ

ĸħĸĚŀĵƞŅĚĴŅĔ 

 ŐĴƟěŃĴňĕƟŀŏĽňĵľĸŅĵĮĶŃĔŅĶěŅĔėĺŅĴŐĴƞĬĵņȮŐĨƞŀŋĮĔĶĦƢĬňŘĽŅĴŅĶĩŒĝƟŏĮƦĬŀŋĮĔĶĦƢŏĽĶŇĴŒĬ

ĔŅĶĨĶĺěěńĭėĬœħƟȮĬŀĔěŅĔĬňŘĵńĚĽŅĴŅĶĩŒĝƟĔńĭıŊŘĬĪňŗĪňŗĨƟŀĚĔŅĶĔŅĶĮĶŃĴŅĦĔŅĶŐĭĭėĶƞŅĺŕȮĕŀĚėĬĪňŗ

ŀĵŌƞŒĬıŊŘĬĪňŗőħĵœĴƞĽĬŒěěņĬĺĬėĬĪňŗĩŌĔĨƟŀĚȮľĶŊŀŏıŊŗŀĔŅĶĨĶĺěěńĭĔŇěĔĶĶĴĪňŗįŇħĮĔĨŇŒĬıŊŘĬĪňŗȮŏĝƞĬȮ

ĽĩŅĬĪňŗĽņėńĠĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĪňŗœĴƞĴňĴňėĬħŌŐĸȮľĶŊŀŒĝƟŏĮƦĬĶŃĭĭĨŇħĨŅĴĽĩŅĬĔŅĶĦƢȮľŅĔĴňĕƟŀĴŌĸĪňŗ
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ĬƞŅĽĬŒěȮŏĝƞĬȮĴňėĬŏĕƟŅĴŅĴŅĔŏĮƦĬıŇŏĻļȮĔŖěŃĽŅĴŅĶĩĝƞĺĵŒĬĔŅĶĺŅĚŐįĬĔŅĶħŌŐĸĶńĔļŅĕŀĚľĬƞĺĵĚŅĬ

ĬńŘĬœħƟ 

 ĔŅĶŀŀĔŐĭĭĶŃĭĭŒĬėĶńŘĚĬňŘĵńĚĭŀĔĩŉĚĺŇīňĔŅĶĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶĨĶĺěěńĭŒĬĭŅĚıŊŘĬĪňŗȮĪňŗ

ĨƟŀĚĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸěņĬĺĬĴŅĔȮŐĸŃŒĝƟŏĺĸŅĬŅĬȮŏıŊŗŀľŅĺŇīňĔŅĶľĶŊŀŏĪėĬŇėĪňŗŏľĴŅŃĽĴŒĬĔŅĶĽĶƟŅĚ

ĶŃĭĭħƟĺĵ 
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