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Cooking is the application of heat to ingredients to
transform them via Chemical and physical reactions

Jeff Pottet. Cooking for Geeks: Real Science, Great Hacks, and Good Food.



COOkiﬂQ s the to ingredients to
transform them via Chemical and physical reactions

SDC = programmable heating

heat the food in a software-defined
thermal trajectory (recipe).

Jeff Pottet. Cooking for Geeks: Real Science, Great Hacks, and Good Food.
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Software-defined Cooking Recipe

Cooked = Temperature x Time x Space
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Software-defined Cooking Recipe

Cooked =Temperature x Time x Space

temperature
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SDC (software-defined cooking): a novel low-cost closed-loop system that
can sense and control heating at a fine-grained resolution.



1 :‘”. A,‘L_ ' j‘l
:.,l‘,f‘ g 4
?‘ ' Y

‘\ N

Thermal camera

~ Rl ""-—_. ] g

-

et { ¢
RGP e ' = ;
_— w eon lights
A
| &

——— —

S e

._"%_
S
e e ™
- e
—

———

~‘.~

N
- Ve havea demo boot
contamer o - :

R
~ ‘-'=
< —
) ——
R —

LAY P
-

vvv

. (4
% Programmable
- turntable

" Visual camera

SDC (software-defined cooking): a novel low-cost closed-loop system that
can sense and control heating at a fine-grained resolution.



Spoiler alert

No Turntable Default Turntable
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high heat
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Spoiler alert

SDC Unlform Heatlng SDC Arbltrary Heatlng
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Today's Microwave: a blunt heating device

reheating leftovers



Microwave can only heat food blindly

Don’t know how much heat
each food pixel has absorbed.

Have no way to actuate heating
on a specific food pixel.



A closed-loop system to heat smartly

Sensing

Actuation
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A closed-loop system to heat smartly
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Heat Sensing



Sensing related work (1)

Most electronics & batteries are not microwave-safe.
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Sensing related work (2)

Microwave Synthesis Workstation

3 temperature sensors

S 86,000+

Specialized microwave-safe sensors are
delicate and expensive.

23



Neon lights

Glass

Flectrodes

Low-pressure
Neon gas mixture
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Low-cost,

SHAm wireless,
battery-free,
microwave-safe,
glow in strong EM




Programming EM sensitivity

dark glow -> brighter burned

EM field strength
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Programming EM sensitivity

dark glow -> brighter burned

EM field strength

can measure the EM field
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Programming EM sensitivity

Wires as the antenna for
energy harvesting

28 Glowing principles => Paper



Programming EM sensitivity

dark glow -> brighter burned

dark glow -> brighter burned

dark glow -> brighter burned

EM field strength
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Programming EM sensitivity

glow -> brighter burned

EM field strength
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Placement of Neon Lights

turntable with 32 neon lights cover with 32 neon lights

31
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Sensors

A thermal cam
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Sensors - Raw data

—  3DEMfield

= —— raw temperature

A thermal cam
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Sensors - Raw data Output
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Heat Actuation



Actuation related work

turn table for blind rotation non-uniform and unpredicatable
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A closed-loop turntable

Desired heat patterns from
software-defined recipes

Current temperature
distribution from Sensors

at time t
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A closed-loop turntable

Desired heat patterns

WY | oating gap

Current temperature
distribution

at time t
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A closed-loop turntable

N |5 ting gap

Desired heat patterns from
Software-defined recipe |l

Current temperature
distribution ®
Realtime heating
power (P’)

temperature gradient

at time t
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A closed-loop turntable

} = 4 Heating gap (e’

Desired heat patterns from
Software-defined recipe |l

Current temperature | ! MY Adjust rotation
distribution ® : b plan
Realtime heating Il
power (P’)

temperature gradient

at time t
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Heating patterns from 3D standing waves

~ Microwave cannot heat
~individual pixels independently.

42



Determining the rotation plan

Realtime heating
power (P’)
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Determining the rotation plan

Realtime heating Heating aa
power (P’) 0o
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Determining the rotation plan

a knapsack problem

Realtime heating
power (P’)

Heating gap

45 Optimization details => Paper



No Turntab

Spoiler alert

Default Turntable
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Spoiler alert

SDC Arbitrary Heating

47



Microwave accessories

Microwave susceptor & Microwave shields

48 Details => Paper
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Evaluation apparatus

Aﬂer heatmg thermal-chromatic
Q‘ k pigment + rice

v

reusable

turn pink it p > 31°C

51 The room temperature is at 20°C.



Uniform heating

heat the rice in a plate uniformly to 60°C in 2 minutes.

Baselines: microwave oven w/o turntable
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Uniform heating

improve the thermal heating uniformity by 633%

compared to microwaves with a blind turntable.

More quantitative results => Paper



Arbitrary heating

with a microwave susceptor ring
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App: Cooking bacon
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Heated meat and fat will shrink.

59



App: Cooking bacon

60 More apps => Paper



Limitations

1. SDC cooking is slower.
2. Some heating patterns might be infeasible.

3. Notsure if it's more delicious. :-)
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Future work

1. 6 DoF turntable
2. Higher frequency microwave + beamforming

3. Replacing neon lights with rectifiers

62
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Why Microwave?

Conduction Convection Radiation
Energy is Energy is transferred Energy is transferred
transferred by by the mass motion of by electromagnetic
direct contact molecules radiation

Vs . | p
O'A%S ;I ‘ O »
. Hat j‘{”

Radiation is most programmable because electromagnetic
wave is reflective and stackable.
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Why not thermal camera’?

Place thermal camera outside

1. limited resolution (both spatial
and temporal)

2. only measure the effect of
heating after-the-fact

z Existing solutions



Challenges: heat food blindly

Sensing Actuation

1. limited resolution (both spatial 3 blind rotation.
and temporal)

2. only measure the effect of
heating after-the-fact 4. limited degree of freedom.
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Cooking is the application of heat to ingredients to
transform them via Chemical and physical reactions

that improve flavor, reduce chances of food borne illness, and
increase nutritional value.

B leave this space for professional chefs.

Jeff Potté¥. Cooking for Geeks: Real Science, Great Hacks, and Good Food.



Stochastic knapsack problem

The heat pattern is non-static and unpredictable.

Many factors can impact heat patterns.

e.qg., size, temperature,
texture, material types

68



A greedy approximation algorithm

Greedy strategy:

At each step of the journey, heat at the rotation
angle whose temperature gradient is most
similar to the current heating gap.

Solving the Optimization (3)

69



Cooking is the application of heat to ingredients to

transform them via Chemical and physical reactions

that improve flavor, reduce chances of food borne illness, and
increase nutritional value.

Jeff Pottef. Cooking for Geeks: Real Science, Great Hacks, and Good Food.



onsen tamago/hot spring eggs/63°C eggs

Cooked = Temperature x Time e



onsen tamago/hot spring eggs/63°C eggs

set the temperature to
145°F (63°C) and let the
eggs cook for anywhere
from 45-90 minutes.

Aki Kamozawa and Alex Talbot

COOked = Tem peratu re X lime 72 |deas in Food: Great Recipes and Why They Work: A Cookbook



o
The process of protein
136°F(57°8°C)\138°F (§878°C),140°F (60-0°C)

denature is a function of the
temperature & time.

148°F (64.4°C),150°F {65.6°C).152°F (66.7°C)



Temperatures of common reactions in food

~— 122°F / 50°C The protein myosin in meat begins to denature
— 131°F / 55°C Highest survival temperature of foodborne illness-related bacteria
— 150°F / 65.5°C The protein actin in meat begins to denature

— 310°F / 155°C Maillard reaction (causes
meats to brown) becomes noticeable

— 356°F / 180°C Sugar begins
to noticeably caramelize
and turn brown

— . — | b
100°F 200°F 300°F 400°¢
136-150°F / 58-65.5°C Ideal — 3759 / 190°C Oven temperature
temperature for cooked meat for baked goods that noticeably brown

— 350°F /175°C Oven temperature
for baked goods with little browning

— 325°F / 163°C Lowest effective oven
temperature for roasting meats

74



Mode Stirrer Wave Guide

Magnetron Tube
(source of radlation)

Oven Cavity

Filter

Step-up Transformer
Power Plug

A microwave oven converts a large electrical input (=1000W) into
microwave energy (2.45 GHz) and heats food using microwave radiation.
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Positive End

E|E_ctric
Field

Negative End

Water Molecule
dielectric heating

https://www.youtube.com/watch?v=kp33ZprO0Ck



standing wave
2 https://www.youtube.com/watch?v=kp33ZprO0




Unpredictable cold/hot spots
Influenced by the content
(shape, surface, temperature, etc.)

3D standing wave
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sharp-edged metals
(e.q., forks, most sensors,
Motors)

Microwave-safe plastic

£QgQs

Microwave is dangerous

79



~— 122°F / 50°C The protein myosin in meat begins to denature

— 131°F / 55°C Highest survival temperature of foodborne illness-related bacteria
— 150°F / 65.5°C The protein actin in meat begins to denature

— 310°F / 155°C Maillard reaction (causes
meats to brown) becomes noticeable

— 356°F / 180°C Sugar begins
to noticeably caramelize
and turn brown

1009k

| b
200°F 300°F 400°¢
136-150°F / 58-65.5°C Ideal — 3759 / 190°C Oven temperature
temperature for cooked meat for baked goods that noticeably brown

80

— 350°F /175°C Oven temperature
for baked goods with little browning

— 325°F / 163°C Lowest effective oven
temperature for roasting meats
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