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Smart home technologies are gaining more and more attention as their emerging 

applications day-after-day demonstrate high value when it comes to yielding resource-

thriftiness, and providing comfort, convenience, security, and entertainment to 

individuals in general and to elderly and sick people in particular. This thesis tackles 

two major challenges facing such applications.  

First, as smart home applications are getting more and more complex, it is 

required to find an effective tool to model such complexity in order to make smart 

home realization simpler and systematic. The thesis proposes utilizing the famous 

Petri net tools to model, simulate, analyze, control, and supervise the activities found 

in a smart home. They offer many advantages over state-based models; the initial 

efforts towards formality. They overcome the state explosion problems of 

representing complex smart home scenarios. Modularity is another key improvement 

when compared to state-based models where any design flaws or mistakes could 

invalidate the entire model and any system specification changes could require 

tremendous effort to modify the design. In addition, it can explicitly model 

concurrency of the various systems existing in the home.  

Second, as the indoor-positioning application plays a vital role in automating 

homes and providing energy thriftiness, the thesis develops a new fuzzy-based indoor 

positioning technique. The new technique uses the low-cost ZigBee wireless 

communication protocol and its link quality indicator (LQI) metric to accurately 

determine room-level positions. It considers environment characteristics when 

specifying different fuzzy sets, with K-means algorithm is utilized in order to specify 

the different fuzzy ranges based on the LQI histogram in the specific environment. 

The new fuzzy-based technique is compared to two other popular techniques, namely, 

the highest LQI technique and the environment adaptive technique. When the three 

techniques are implemented using Jennic JN5148 ZigBee PRO evaluation kit, the 
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developed technique demonstrates superior performance under the typical memory 

and time constraints.  

Keywords: Smart home, Home automation, Petri net, Wireless communication, 

ZigBee, LQI, Fuzzy logic, Indoor positioning    
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