Use Case Revisited

« Goal: Provide a free application to help middle+high school students learn
how DC circuits work
« Usability
« Accessibility: application is lightweight: free of cost, <= 100MB
- 80% approval rate from test group
« Individual Component Detection Accuracy
«  90% detection accuracy from unit tests
« Combined Component Detection Accuracy
- Display correct circuit 90% of the time
« Simulator Accuracy
« 100% correctness on analyzing given circuit
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Circuit Simulator - Modified Nodal Analysis

vVl 105
R1 1 2 300
* Receive netlist generated by user I1 2 0 0.5
inputting values after confirming Rz 2 0 1000
circuit 1 3520 )
» Obijective-C++ wrapper to cast C++ VWA
data to Swift data S @goo mA %ﬁm
* Run simulation by performing
N

modified nodal analysis

e Steady state DC analysis Node 1 Voltage: 5.000000 V

Node 2 Voltage: -111.538462 V
Component V1 Current: -388.461538 mA

Component R1 Current: 388.461538 mA
Component I1 Current: 500.000000 mA
Component R2 Current: -111.538462 mA




Solution - Mobile Application and Integration

@implementation CVWrapper

° B r| dgl ng Of SU bSySte mS + (NSMutableArray *)run_ (NSString *)file_path data_path:(NSString *)data_path{
std::string fp = std::string([file_path UTF8Stringl);
std::string dp = std tring([data_path U ingl);
NSMutableArray *convertedCircuits = [NSMutableArray arr: 7

® H ea d e rS a n d Wra p pe rS CircuitClassifier classifier = CircuitClassifier();
std::vector<std: :vector<Component>> bestCircuits = classifier.getCircuits(fp, dp);
for (const auto &circuit : bestCircuits) {

PY C++ a n d valft to O bJ ect|ve_C++ NSMutableArray *convertedComponents = [NSMutableArray

for (const auto &component : circuit) {
CVWrapper *objcComponent = [[CVWrapper alloc] initl;
= Q[@(component.firstNode.fi

H 1 bjcC t.firstNode =
« Parsing and casting A N

objcComponent.secondNode @[@(component.secondNode.first),
@(component.secondNode

« Stored as compatible data type T o Bl S I T

[convertedComponents 0 objcComponent];

[convertedCircuits addObject:convertedComponents];

convertedCircuits;




User Input Image | Thresholding and Blurring: remove

shadows and isolate filled-in nodes
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send edges as pairs of coordinates: preserve
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Classification: Switch
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Classification: Lightbulb
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Classification: Current
Source

Increased dataset: each orientation of voltage
sources, current sources, and diodes are considered

as “separate” components




Complete Solution
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Click Here to Analyze Circuit

Welcome to CircuitSimulpaper

An app used to analyaze any hand-drawn circuit
All you must do is draw a circuit, upload a picture
of your hand-drawn circuit, and it will be
analyzed and displayed through this app.

Upload Circuit! resistor_0: resistor_0:

voltagesource_0 voltagesource_0:
Click if this is your circuit

voltagesource_1; voltagesource_1




Testing & Verification - Frontend

« Testgroup of 7 12-14 year olds
« Survey Ul/UX satisfaction on scales of 1-10
« Goal: 80% average rating
« Record feedback regarding
Ease of use
Usefulness of tips and headers
Clarity when displaying values or images
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Testing & Verification - Circuit Simulator

- Goal: 100% accuracy

- Result: 100% accuracy

- Randomly generated netlists with at least one voltage source
- Tested simulator against existing simulator tools
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Node 1 Voltage: 5.000000 V
Node 2 Voltage: -111.538462 V
Component V1 Current: -388.461538 mA

Component R1 Current: 388.461538 mA
Component I1 Current: 500.000000 mA
Component R2 Current: -111.538462 mA




Testing & Verification - Component Classification

« Testing set of 91 component
images

* Goal: 90% accuracy

e Result: 83.3% accuracy

« (lassifying orientation

« rBRIEF vs BRIEF

* Increase in dataset size ->

InCrease in accuracy

Component classification accuracy with different feature
detection algorithms
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Testing & Verification - Circuit Classification

« Current test set: 2/ circuit images
e Goal: 90% accuracy
e (Current) Result: 85.2% accuracy
« Consideration: neural network
Increase accuracy (~95% based on research)
Unsuitable for use case
Significant storage needed or internet access ($)




Overall Specifications

Requirement
Application size

Component classification
accuracy

Circuit classification
accuracy

Simulation accuracy

Specification
<=100 MB

90%

90%

100%

Current
21.3 MB

83.3%

85.5%

100%



Logistics

Final presentation work
Final poster work

Final demo work

Final video work

Final report work

iOS Application

Fix displaying of circuit bug and display final page

with full circuit analysis

Computer Vision

Tune parameters to achieve go% accuracies
Test integration with circuit drawings
Circuit simulator

Create wrappers to interface simiulator with
frontend

Finish Diode Model

Integration/Final Testing

Create wrappers to interface CV with frontend
Test pipeline from simulator -> frontend

Test pipeline from CV -> frontend

Usability testing

Test full pipeline

TASK OWNER

Everyone
Everyone
Everyone
Everyone
Everyone

Jaden

Stephen
Stephen
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Devan

Jaden
Jaden + Devan
Jaden
Jaden + Devan
Jaden




