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Definitions

Internet of Things (IoT):

The recent trend of connecting anything and everything 
to the internet in order to automate or simplify tasks.



Definitions

Smart Home Technology:

IoT devices and networks meant for use in the home.



Definitions

Location Based Service (LBS):

An algorithm that performs tasks based on the user’s 
location.



Definitions

Indoor Positioning System (IPS):

A system, much like a GPS, used to determine the 
position of a target inside of a building.



The Gap

Smart Home Technology

• Conserve energy -Chen et al.

• Allow elderly/disabled to live independently –Rizvi et al.

• Increase home security -Rehman et al.

• Prevent fires and other hazards –Hsu et al.

• And more



The Gap

The Problem

More than 1 in 3 smart homeowners believe 
the technology is not worth the price.

-Sanguinetti et al.



The Gap

The Problem

“[Smart home technology] is unsatisfactory 
unless it offers scope for interaction.”

-Darby



The Gap

Location Based Services

“[LBSs] enable location scenario control, 
making home appliance control easier and 
enhancing the power utilization efficiency. ”

-Cheng et al.



The Gap

Location Based Services

“[GPS] operation in indoor or obstructed 
environments is infeasible, and, instead, 
alternative systems have to be adopted.”

-Dardari et al.



The Gap

IPSs

• Retail  –Takahashi

• Industrial  –Razak et al.

• Agriculture  –Lepej et al.

• Single nursing home rooms  –Pourhomayoun et al.

• Small apartments  –Vlasenko et al.



The Gap

The Gap

“There are still considerable gaps in the 
research literature.”

-Gram Hassen & Darby



The Gap

The Gap

“in future evaluative studies of smart homes –
sorely needed – we suggest the inclusion of 
questions about how meanings of the home 
might change along with new technologies.”

-Gram Hassen & Darby



The Prototype

Design & Construction



The Prototype

Design & Construction



The Prototype

Theory of Operation



The Prototype

Triangulation
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Method

Ethics



Method

Running the Test



Method

Data Analysis



Method

Data Analysis



Findings

Data



Conclusion

Discussion

The IPS was 5.7 times more accurate 

than the GPS in the test.



Conclusion

Discussion

The IPS was 12 times more precise 

than the GPS in the test.



“Most future commercially available systems 
will likely have considerably more capital –
the likes of which are not available for this 

study – dedicated to research and 
development.”

-My research paper

Limitations

Limitations



• Bringing IPSs to smart homes

• Other technologies being implemented in the home

• Implementation of IPSs and other technologies into new 
areas beyond the home.

Going Forward

Future Implications



• Replication of this study

• Documentation of development process

• Other industry technologies in smart homes

• Other IPS technologies in homes

• Ethics of IPSs

Going Forward

Future Directions



Citations
[1]

J.-D. Boissonnat, O. Devillers, S. Pion, M. Teillaud, and M. Yvinec, “Triangulations in 
CGAL,” Computational Geometry, vol. 22, no. 1, pp. 5–19, May 2002.

[2]

C. Chen, Y. Tsoul, S. Liao, and C. Lin, “Implementing the design of smart home and 
achieving energy conservation,” in 2009 7th IEEE International Conference on Industrial 
Informatics, 2009, pp. 273–276.

[3]

S. J. Darby, “Smart technology in the home: time for more clarity,” Building Research & 
Information, vol. 46, no. 1, pp. 140–147, Jan. 2018.

[4]

D. Dardari, P. Closas, and P. M. Djuric, “Indoor Tracking: Theory, Methods, and 
Technologies,” IEEE Transactions on Vehicular Technology, vol. 64, no. 4, pp. 1263–
1278, Apr. 2015.

[5]

K. Gram-Hanssen and S. J. Darby, “‘Home is where the smart is’? Evaluating smart home 
research and approaches against the concept of home,” Energy Research & Social 
Science, vol. 37, pp. 94–101, Mar. 2018.

[6]

P. Lepej and J. Rakun, “Simultaneous localisation and mapping in a complex field 
environment,” Biosystems Engineering, vol. 150, pp. 160–169, Oct. 2016.

[7]

M. Pourhomayoun, Zhanpeng Jin, and M. Fowler, “Spatial sparsity based indoor 
localization in wireless sensor network for assistive healthcare,” in 2012 Annual 
International Conference of the IEEE Engineering in Medicine and Biology Society, San 
Diego, CA, 2012, pp. 3696–3699.

[8]

A. A. W. A. Razak and F. Samsuri, “Active RFID-based Indoor Positioning System (IPS) 
for industrial environment,” in 2015 IEEE International RF and Microwave Conference 
(RFM), 2015, pp. 89–91.

[9]

S. U. Rehman and V. Gruhn, “An approach to secure smart homes in cyber-physical 
systems/Internet-of-Things,” in 2018 Fifth International Conference on Software 
Defined Systems (SDS), 2018, pp. 126–129.

[10]

S. Rizvi, I. Sohail, M. M. Saleem, A. Irtaza, M. Zafar, and M. Syed, “A Smart Home 
Appliances Power Management System for Handicapped, Elder and Blind People,” in 
2018 4th International Conference on Computer and Information Sciences (ICCOINS), 
2018, pp. 1–4.

[11]

A. Sanguinetti, B. Karlin, and R. Ford, “Understanding the path to smart home adoption: 
Segmenting and describing consumers across the innovation-decision process,” Energy 
Research & Social Science, vol. 46, no. 1, pp. 274–283, Dec. 2018.

[12]

D. Takahashi, “Indooratlas Offers Navigation Inside Buildings, so You Can Always Find 
the Mall Bathroom,” Journal of Property Management, vol. 80, no. 6, pp. 3–3, Nov. 2015.

[13]

I. Vlasenko, I. Nikolaidis, and E. Stroulia, “The Smart-Condo: Optimizing Sensor 
Placement for Indoor Localization,” IEEE Transactions on Systems, Man & Cybernetics. 
Systems, vol. 45, no. 3, pp. 436–453, Mar. 2015.

[14]

Yu-Liang Hsu et al., “Design and Implementation of a Smart Home System Using 
Multisensor Data Fusion Technology,” Sensors (14248220), vol. 17, no. 7, pp. 1–21, Jul. 
2017.

All icons are from nounproject.com

All other graphics are the author’s own unless labeled otherwise below the graphic.



From Industry to Home: 
Rapid Development of a ZigBee-

Based Indoor Positioning System for 
Use in Private Residences 

Seth Tumlin


