
Background and Study Questions

Methods & Procedure

Design

• How does airplane 
design affect flight 
distance?

Launch Method

• How does launch 
technique affect 
flight distance?

Airplane Designs

Origins: Paper airplanes have been designed 
since 500 BC

Paper airplanes can fly great distances 
despite lightweight materials

The design of the airplane and launching 
method can impact distance traveled

We conduct experiments to measure the 
impact of these factors

Paper Airplane Launching Device

A paper airplane launcher was constructed using three rubber
bands wrapped around the legs of a wooden chair. A hole was
punched in the nose of each airplane and a paper clip inserted in
the hole to hook the airplane to the launcher.

• Two launching conditions were tested

• Condition 1: the launcher was pulled back 4” before releasing

• Condition 2: the launcher was pulled back 8” before releasing

• Each design and launching condition was tested 10 times

• A total of 60 flights were measured

• Each airplane was launched using a single airplane launching device

• Airplanes were launched indoors and distance was measured using a
tape measure

Testing Environment
Launcher

Box Plots of Airplane Designs and 
Launch Conditions

Results of Airplane Design
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As you can see, the Flying Ninja was just a bit greater than the Nakamura Lock in
average flying distance over both conditions 1 and 2. The Spy Plan, however, was
much less on average than both the Nakamura Lock and the Flying Ninja.

The difference between average distances of Flying Ninja and Nakamura Lock is
23.05. The difference between Nakamura Lock and Spy Plane is 53.65. Finally, the
difference between Flying Ninja and Spy Plane is 76.70. All of the differences are
statistically significant (p < .05) as determined using a paired t test.
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From Context-Aware to 
Activity-Predictive

Activity Learning

ApCPS Home Automation

ApCPS Digital Memory 
Notebook

ApCPS Home Automation
Look-Ahead HVAC Controller

Broader Impacts

Sensor 
data

Activity 
recognition

Activity 
prediction

Home 
ApCPS

ZigBee / 
controller

Cognitive prosthesis for individuals with 
memory impairment

Smart home-generated task checklist 
and task prompting

Evaluated  with younger adult, currently 
testing in homes with older adults
youtube.com/watch?v=mO7GCqgGBGk

The system generates activity labels for each sensor time stamp. 

Limits are based on resident preference and real-time electricity prices. 

The look-ahead controller generates the HVAC control signals. 

Impact of Temperature 
Setting on HVAC energy 
consumption

Impact of activity labels
on settings 

Multi-disciplinary training
ntg.ailab.wsu.edu

Shared data, tools,    
& smart home kits 
around the world

K-12 museum exhibit

• Activity Recognition:
• 98% accuracy, 11 

activities, 100 homes
• 85% accuracy      

leave-one-home-out
• 84% EMA validation

• Forecasting times of 
future activities:

• 98% accuracy
• n=30 homes
• 11 activities

• r=.9873

• Indirectly-supervised 
anomaly detection:

• Falls, nocturia, depression, 
weakness

• 5 homes, 6 months each
• Gmean = 0.132 

(supervised: 0.107; 
unsupervised: 0.064) 
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Baseline ApCPS

Per-device reduction in consumption 
with ApCPS in smart home over 2 weeks

Activity 
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Comfort Zone 
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Parameter Model

Impact of lookahead steps 
on settings 


