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“A switched-capacitor dc-dc converter
with series-input and parallel-output ...”

“A robot and a human talking about
power electronics ...”
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Recording from Dak Cheng (Princeton ECE’25 Undergrad) W nraiy
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https://www.youtube.com/watch?v=Q_nJV8kIBtk DYouTube
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https://www.youtube.com/watch?v=Q_nJV8klBtk
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S > >
Artificial narrow Artificial general Artificial super
intelligence (ANI) intelligence (AGI) intelligence (ASI)
“Al as a Tool” “General Purpose Al” “Domain Specific Al”
* Image Recognition e ChatGPT - Language * Maedicine Expert
* Speech Recognition * Sora - Vision * Materials Expert

* Alpha-Go e GitHub Copilot — Logic Thinking * Power Electronics?

2 PRINCETON

UNIVERSITY



. % PRINCETON
Power Electronics + Al? 'UNIVERSITY

* Is *Strong™ Al ready to learn Power Electronics? - Yes?
* Is Power Electronics ready for *Strong™ Al? - No?

“Once data is ready, Al is ready!”

“Once question is ready, solution

Al for DNA Sequencing is ready!”
T Bl
= Al for Fusion Control “How does human understand
e ( BN e \ . »”
= B | power electronics?
—_ \\ B //
m

“How does machine understand
power electronics?”
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PowerVision
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How does this converter work?

Dr. Alan Turing (born June 23,1912)

PhDin math, Princeton

A. M. TURING, “I.—COMPUTING MACHINERY AND
INTELLIGENCE,” Mind, vol. LIX, no. 236, pp. 433-460, 10 1950.

C. Human Evaluator
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Teach Al to Understand Power Electronics?
Drawings .
Devices &
-~ Materials
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. Figure 4.1  Half-wave plase-controlled rectifier with resistive load a1 ™~ © xd waveforms.
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where Vi, the maximum possible value of {!‘r;). is also the output of an equivalent diode
rectifier. The voltage (¥4} as a function of & is known as the contrel characteristic of

the rectifier and is shown in Fig. 4.2

Page 81 of KPSV Textbook
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Prepare Data for Massive Automated Learning ...

Power Switching converter Load
input
LA

LT LI
We can obtain a simpler alternati |
capacitor and making the inductor ve v i % v
N . ] i
1/7 = R/L. Placing this pole at a freq H
frequency yields an inductor (and resis i 5"",“"”’
1 gain

Human
Learning

Machine
Learning

I;.. But the current in the ac source

which is undesirable for reasons we dis Transistor

to eliminate all but the fundamental ¢ gate driver

- Compensator
Schematic i/ R,

Drawing

Fig. 1.11  Addition of control system to regulate the output voltage

O 4,

(a)

[

L
:

! (b) S5V,
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IEEE TRANSACTIONS ON e e

David J. berrea e de side and a sec
George C. Verghese ISP,

Martin F. Schlecht
P I : R Fig.1.12  The boost converter: (a) ideal converter circuit, (b) output volt Of P ower
1 1 s the ac/dc conve

PrInC|p|ES 1 the preceding ¢ Figure 1.13a illustrates a simple dc-1gac inverter circuit, As Elect 0n|cs
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A PUBLICATION OF THE IEEE POWER ELECTRONICS SOCIETY
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Structured Abstraction in Power Electronics

Circuit Schematic P e
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J. W. Kolar and T. Friedli, "The Essence of Three-Phase PFC
Rectifier Systems—Part l," in |IEEE Transactions on Power
Electronics, vol. 28, no. 1, pp. 176-198, Jan. 2013.

T. Friedli, M. Hartmann and J. W. Kolar, "The Essence of Three-
Phase PFC Rectifier Systems—Part Il," in IEEE Transactions on
Power Electronics, vol. 29, no. 2, pp. 543-560, Feb. 2014.
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Buck Boost Buck Boost SEPIC Flyback Forward
~ m L
" L L o ] ,.:m e
—ut e, e - Lo [ - = " h ==
TR L TR R SRR e R R i
T HJ = o
2 Switch Forward  Active Clamp Forward Half Bridge Push Pull Full Bridge Phase Shift ZVT
“"'J_ﬁl"* mo L S mlml el e 1 O Lo fﬂJ% fre wln |Re -
1~ (WT t "; " g - .Is Co —ab I Co (1] Lo
S o EeEe e Hj o T B JEmiD
s ' =0 o Jgu i == iz
of o ; g w o "
*  90% of power electronics in use are designed following these topologies {:'P TexAas

*  90% of power electronics designs already “exist” and are just “fine-tuning” efforts INSTRUMENTS

* Texas Instruments power topology catalog: https://www.ti.com/lit/ml/sluw001g/sluw001g.pdf
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https://www.ti.com/lit/ml/sluw001g/sluw001g.pdf
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ComponentNet el e Bt
CircuitNet| |~ || |

e 2544 hand-collected component images
e  Machine-drawn and hand-drawn * 200 hand-classified schematics
» Semiconductor switches, capacitors, * Machine-drawn and hand-drawn

magnetics, controllers, labels, symbols Open-Sourced: https://github.com/minjiechen/PowerVision
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https://github.com/minjiechen/PowerVision
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NetlistMaker — Convert Schematics to Netlists vUNIVERSITY

Schematic Database Segment ) Component Detection Netlist / Incidence Matrix
(>100 schematics) (OpencCV) (SPICE Simulations)
M 7~ T K175
m N1 N2 N3 N4 N5
r J— llﬂ [ l Inductor 1 1 0 0 0
I l l ! g - capacitor 1 0 1 0 0
S : 3 | Battery 1 0 0 0 1
511 : Diode 0 1 1 0 0
- ) Resistor 1 0 1 0 0
A1 A § — Capacitor 0 1 0 1 0
T T Switch 0 0 1 1 0
Inference Inductor 0 (1] 0 1 1
Component Recognition  Classification | ) Netlist Generation

Component Database (CNN in TensorFlow)
(2544 images in 11 categories)

Random Flip
y . Random Rotation

CEICINS fion-=- ||

(i Co-nv2D+Poo.‘fng) x3
. ~
—M ‘ Flatten
o ﬂu Training } Dense x 3
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Performance of the NetlistMaker UNIVERSITY

>90% accuracy for component classification ( component Detection

Confusion Matrix s II—TE >90%
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Circuit Schematic Matrix Patterns <-> Circuit Functions

0 9-4#9-%— 0— Key Patterns
| | | N OO O 6 0|06
O] -5 = E
o > R
| Il >
(0] El C
Incidence Matrix v
.I E E B E RN
N - ]
.'\"() J\"l J'\'2 .‘\"3 A’\r' JN’_", o L : .! : EEENESR
R 9 1 0 0 0 0O e || | M - n[® .
E ' ¥ O » D 9 |F - - = -
¥ 2 0 0 © i B ' L . =
N 2 0 1 0 0 0 ) _ = -
M 3 0 0 1 0 2 D .
L B 8 0 2 R l
¢ c ]
D D 2 I o B 0 L -
€ 0 9 T ® 8§ D0 T

2 PRINCETON

UNIVERSITY



. . . PRINCETON
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Buck Boost
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A Failed Turing Test, but A Successful First Attempt ... VEQ'IT,EE;‘%E

. . . Classify and explain an existing circuit topolo
Power Electronic Topology “Fingerprints” vV - & pology

Confusion Matrix Confusion Matrix
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o o
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g 3
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< e
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' Flyback Forward 2 SW|tch Forward Actlve Clamp Forward pwm non-pwm isolated non-isolated
Predicted Predicted
PWM or non-PWM? Isolated or non-Isolated?
Try to interpret a new, unknown circuit topology
diode h.0.99 diode.h.1.00 diode h,1.00
o &
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End-to-End Cognitive Intelligence beyond Schematics

Gemini X
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Presets (Ctrl+Tab):

Enter a prompt here

Viewports (Shift+Tab):

Reference  Value  Name Library  Footprint S
c10 100 CSma Device  Capacitor_SMD:C_0805_2012Metric_Pad1.18x145mm_HandSolder
52092 X 65000 Y 950.00 dx 650.00 dy 950.00 dist 1151.09 grid 5000 ¢|Last render time 8 ms z00m 133
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Image + Language

-

Principles
of Power

Electronics : G enera I

Intelligence

~

Domain-Specific
Intelligence
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COMPEL community should think ahead of Al ! W ey

» How to enable Al to pass Power Electronics Turing Test?

* Where is data?
 How to organize the data? 'T: cls
« What questions shall we ask? alx

Which tools are ready?
e Where are our collaborators?
* Who cares? Sora

Embrace and think ahead of Al!

ImageNet

Pathway to Strong Al
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e Most human-created information documented/processed as 1-D time
sequences (natural language) or 2-D arrays (computer vision).

 Most advanced Al models focus on language or vision processing.

* Convert interesting power electronics problems into time sequence
(language) or vision (image) problems.

* Create the database —> migrate the tools —> build an open-source
community —> advance the field collaboratively and competitively

480

time-sequence processing (NLP) image processing (computer vision)
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Rethinking Human and Machine in Power Electronics

COMPEL 2002

3 00,8 (" =h V’
2002 IEEE WOI‘kShOp on O 5 EF)?[;’CSB]VZ?
'Computers.m P ereove: - : ~
Power Electronics R
Proceedings

June 3-4, 2002
University of Puerto Rico at Mayagiiez

¥

" IEEE Power Electronics Society

Turing and His Machine Power Electronics & Al

IEEE Catalog Number: 02TH8633

PC-1980

— » GPU - 2024
ENIAC - 1945 |
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