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Abstract With the development of Internet of Things (IOT) techniques, several wireless communication
technologies such as Bluetooth, WiFi, and ZigBee are being developed and currently applied to a
real-time environment monitoring system combined with sensors. A WiFi communication network with
broad wireless range and fast baud rate of data transfer rate is suitable for real-time monitoring.
However it consumes more power for the communication module and has a difficulty in the installation
of a an access point. This study evaluated the performance and the effective layout of a wireless sensor
communication network for real-time monitoring of an indoor environment of a whole large-scale
building. In addition, an IOT product was developed with a ZigBee module with low power consumption
and low-cost Arduino module. The product was utilized to construct a ZigBee-based wireless
communication network and used to evaluate the performance of a wireless communication network.
One-hop and multi-hop connections of ZigBee communication were analyzed with the variation of
horizontal and vertical distance within a whole building. The performance of a multi-hop connection
for ZigBee communication was better than one-hop communication regarding on the received signal
strength indicator and packet delivery ratio. The suggested ZigBee-based wireless mesh communication
network system was applied to a whole large-scale building and is a very effective way to construct a
real-time wireless sensor network for monitoring indoor environment conditions.
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Fig. 1. Typical topologies for ZigBee sensor networks.
(a) Star topology (b) Tree topology (c) Mesh topology
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Fig. 2. One-hop, two-hop and multi-hop setups for
wireless mesh networks.
(a) One-hop communication (b) Two-hop communication
() Multi-hop communication
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Pref
Table 1. RSSI classification.[17]
Signal level range [dBm] Classification Score
-120 ~ -95 Extremely bad 1
-95 ~ -85 Bad 2
-85 ~ -75 Average 3
=75 ~ -65 Good 4
-65 ~ -55 Very good 5
-55 ~ -10 Excellent 6
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Fig. 3. Measurement device of ZigBee node and
attachable modules.
(a) Prototype measurement device of zigbee node
(b) Developed measurement device of zigbee node
(c) Attachable sensors and display module
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