
0

10

20

30

40

50

60

70

80

Pe
rc

en
ta

ge
 o

f u
se

rs
 (%

) 80

70

60 60 60

The poncho CAN BE useful in many different situations. 
the design can be modified to be inclusive of various
body types and sizes. 
it can provide users direct control over their comfort.

PROJECT P.O.N.C.H.O.SParkrose Middle School, Portland, OREGON - Amy Le 
Jackson Vo, Khanh Pham, Dax Richardson, Emily StrohmayeR

different poncho
material (E.G., WOOL,
RECYCLEABLE MATERIALS)

KEY FOR DIAGRAMs:
H = HEATING PADS
F = FANS
A = ARDUINO
B = BATTERY
BC = BUCK CONVERTER
AH = ARM HOLE

= HEATING WIRES
= COOLING WIRES

INTERVIEWED our
counseloR, Ms. READ,
WHO Reports That many
students in Parkrose
cannot afford
weatherproof
clothing. 

StEP 2: 
RESEARCH

StEP 4: 
FiNAL PROTOTYPE

and testing

prototype 2
 Heating Pad (1)

Propeller Fan(1) 
Arduino 

Relay + Breadboard
Power Bank

USING COPPER WIRE
ALONE AS A HEATING
ELEMENT WASN’T THE
BEST IDEA DUE TO
POTENTIAL SAFETY RISK.

testing the
temperatures 

on each heating pad
when on

testing relay
detecting 

temperature
changes

voltage reading
 from buck
converter

conclusion

data collected during testing process:

visual data I“WHAT REQUIREMENTS SHOULD 
WE PRIORITIZE IN A PONCHO?”

Portable, Outdoor, Non-Expensive, Cooling & Heating Operating System for the Parkrose School Community

Objectives

Problem statement
150 students in the Parkrose
School District are
houseless.
Many students struggle with
staying warm and cool during
extreme weather.

PrIMARY SECONDARY

BE affordable FOR
low-income families.

Bring Awareness to
the impacts of
climate change on
small, local
communities, like
parkrose.

WHEN STUDENTs NEEDS
aren’t met, they can’t

focus in school. 

USER REQUIREMENTS
AcCESSIBLE

COMFORTABLE

DURABLE

AFFORDABLE

easy to carry
around and
store in a
locker

PROTECT FROM
different kinds
of weatheR
CONDITIONS

Stay warm or
cool in
different types
of weather

inexpensive
for low-
income
households

Our prototype should be... 

Diagram of THE PONCHO Prototype
Cooling System HEATING SYSTEM

Testing process
Relay testing

 CONNECTED RELAY
TO ARDUINO THEN
OBSERVED FOR
TEMPERTURE
CHANGES VIA CLOUD
EDITOR.

BUCK converter
testing

REDUCE HIGHER
INPUT  VOLTAGE TO

A MORE STABLE,
LOWER OUTPUT

VOLTAGE (SAFETY
TESTING).

Heat System 
Testing 

Cooling System
Testing

Exposed relay to
ice which then

turned on heating
pads for us to
measure their
temperatures. 

Exposed relay to
heat gun, which
then turned on

cooling FANS for us
to measure their

temperatures.

80% of users claimed that
comfortablility is the most

important trait for the
Poncho. After clarifying, we

determined that effective
heating and cooling met this

need best. 

visual data ii

results

SUCCESS FAILURE
COMFORTABILITY: cooling
components are less
effective and efficient
than predicted.

affordability: the cost
of the poncho and
materials is more
expensive than our
initial prediction.
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next steps

ACCESSIBILITY: comfortable
fabric that is easy to store
and carry for the user
Durability: Poncho MatERIAL IS
RESISTANT TO WATER AND HEAT
DAMAGE. 
COMFORTABILITY: heats and
cools the users noticeably
and can be adjusted. 
AFFORDABILITY: INDIVIDUAL TECH
COMPONENTS ARE AFFORDABLE.

Use a different cooling
mechanism (e.g., cooling plates) 
include an LCD DISPLAY to
indicate the temperature

priorities when choosing a poncho
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Incorporate heating
and cooling system to
protect students from
EXTREME weather.

 people prioritize
comfortability.

SCAN THESE CODES TO
view our system testing

and user feedback
COOLING SYSTEM HEATING SYSTEM USER FEEDBACK

StEP 1 : 
Identify problem

INTERVIEWED MCKINLEY
VETO LIAISON, HOMELESS
SHELTER DIRECTORS,
AND TEACHERS WHO
MENTIONED CHALLENGES
OF LIVING IN AREAS
PRONE TO INTRA-URBAN
ISLANDS AND FREEZES. 

StEP 3: 
PROTOTYPING

New cooling and
heating system!

PROTOTYPE 1
Copper Wire 
Glycerin Gel 

Arduino
Computer

GOT SOME HEATING AND
COOLING BUT NEEDED TO
MAKE DESIGN MORE
COMPACT AND INCREASE
OUTPUT OF BOTH
SYSTEMS. 

prototype 3
Heating Pads (7) 
Mini Box Fan (1)

Arduino + Relay 
Volt converter

Rechargeable Battery

NEED TO REDUCE HIGH
INPUT VOLTAGE TO A
MORE STABLE VOLTAGE
TO PREVENT OVERLOAD.

FINAL PROTOTYPE
Heating Pads (7)
Mini Box Fan (4)
Arduino + Relay
Buck Converter
RechargEable

battery

CONDUCTED FOUR TESTS
AND HAD DIFFERENT
USERS TEST AND GIVE
FEEDBACK. 

SOME ADDITIONAL FEATURES TO FINAL PROTOTYPE (per user feedback)
Mesh to cover all tech components (e.g., wiring, battery)
containers to  hold tech components 

ENGINEERING DESIGN PROCESS

PORTLAND STATE UNIVERSITY
OREGON MESA

THIS IS 
FIRE!

THIS IS 
COOL!

PROTOTYPE DETAILS:
a poncho that adjusts the internal temperature of the poncho
when the following conditions are met:

For the heating, heating pads turn on when the temperature
drops below 10 ℃ (50 ℉). 
For the cooling, Fans turn on when the temperature gets
about 23℃ (73.4 ℉).

These conditions can be adjusted to the user’s preferences. 

We had four iterations!
key: RED - HEATING, BLUE - cooling, green - device, purple - power source, Pink - switches
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