
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-Aware

Activity Learning

ApCPS Home Automation

ApCPS Digital Memory 
Notebook

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

Automated task checklist /                
task prompting

2016-06-15 03:38:34.621729 Bedroom ON
2016-06-15 03:38:37.316330 Bedroom ON
2016-06-15 03:38:41.294208 Bedroom OFF
2016-06-15 03:38:41.374899 Bedroom OFF
2016-06-15 03:38:41.459318 Bedroom ON
2016-06-15 03:38:44.482092 Bedroom ON
2016-06-15 03:38:45.133517 Bedroom OFF
2016-06-15 03:38:17.814393 Bathroom ON
2016-06-15 03:38:22.584179 Bathroom OFF
2016-06-15 03:38:23.203947 Bathroom ON
2016-06-15 03:38:23.271939 Bathroom OFF
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• Activity Recognition:
• 98% accuracy

• n=30 homes
• 3-fold cv
• 11 activities

• 85% accuracy      
leave-one-home-out

• 84% EMA validation

• Activity Prediction:
• 98% accuracy

• n=30 homes
• 11 activities
• lag = 12

• r=.9873

Activity 
Recognition 

Engine

Comfort Zone 
Controller 

HVAC Look 
Ahead 

Controller

Operation 
Signal

Resident’s Comfort 
Preference

Real Time 
Electricity Price

Sensor Data

Activity 
Label

The AR engine takes activity sensor data as input and generate activity label for each time 
stamp. 

The comfort zone controller takes the residents preference and real time electricity price as 
input and generate comfort zone temperature limits for each time interval. 

The HVAC look ahead controller takes comfort setting and predicted air temperature as 
input and generate the HVAC control signals. 

Wider temperature settingà less comfortable but save more energy. 

Consumption reduce 0.625kWh àtemperature setting is 1 F wider.

Impact of Temperature 
Setting on HVAC energy 
consumption

Impact of AR accuracy on the performance of HVAC controller
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HVAC energy saving without price guide HVAC energy saving with price guide

Activity Recognized by AR Model Activity annotated by human

Multi-disciplinary 
training

Shared resources

K-12 museum exhibit


