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INTRODUCTION

FOSSEE (Free/Libre and Open Source Software
for Education) is a project at [IT Bombay that
promotes the use of FLOSS tools in academia
and research to reduce dependency on
proprietary software. The project is funded by
the Ministry of Education, Government of India,
through the National Mission on Education
through ICT.




OBJECTIVES

The main goals of the FOSSEE project are to:

Reduce reliance on expensive, proprietary
software in educational institutions.

Encourage the use of equivalent Free/Libre and
Open Source Software (FLOSS) tool.

Develop new FLOSS tools and improve existing
ones to meet the needs of the academic and
research communities.

Improve the quality of education by promoting
hands-on skill-based training with open-source
tools.
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INITIATIVES

Some of the main Softwares & tools:

e eSim(developed by FOSSEE)
e Scilab and Xcos

e Osdag(developed by FOSSEE)
e OpenFOAM

FOSSEE also promotes the use of other
tools for specific purposes:

e R

e QGIS

e OpenPLC
e FreeCAD
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FEATURES & USES

Integrated design environment: Perform schematic
drawing, circuit simulation, and PCB layout design in one
platform.

Mixed-signal simulation: Supports analog, digital, and
mixed-signal circuits using Ngspice.

PCB layout design & Gerber export: Create multi-layer
PCB layouts and generate Gerber files for manufacturing.

Custom models & subcircuits: Build and edit device
models with Model Builder and Subcircuit Builder.

VHDL support: Use NGHDL to create custom digital models
in VHDL for mixed or standalone circuits.

Enhanced plotting & analysis: Visualize voltages and
currents with an interactive Python-based plotting utility.
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NEED FOR DEVELOPMENT

Absence of Circuit Debugging Support - No automated mechanism to detect
design errors, incorrect connections, or simulation issues.

No Query Resolution or Context-Aware Assistance - Users could not ask “why”
or "how"” questions about circuit behavior.

Manual Troubleshooting Burden - Errors had to be identified manually, making
the process repetitive and discouraging.

Limited Multimodal Interaction - No integration of visual analysis, textual
explanations, or voice feedback.

Accessibility and Usability Challenges - Lack of intuitive guidance for users of
different expertise levels.




BUT WHY OFFLINE: ?

Unreliable Internet Access - Many
users  (especially  students in
rural/educational setups) face
inconsistent connectivity.

Data Privacy Concerns - Circuit
designs and error logs may contain
sensitive research data that should
not be uploaded to external servers.

Cost of Cloud Dependency - Relying
on internet APIs increases costs and
creates dependency on third-party
providers.

SOLUTION:
AN OFFLINE AI-ASSISTED DEBUGGING
BOT TOOL

Fixing Errors Automatically - The
tool can read error messages from
your circuit work and suggest fixes
right on your computer.

Classroom and Lab Use - Schools
and colleges without strong Wi-Fi can
still use the help system fully.

Built-in Help and Guides - The
manual and FAQ are already inside
the software, no need to open a
browser.

BENEFITS

More People Can Use It - Makes
eSim a stronger choice compared to
expensive software that requires
online accounts or licenses.

Equal Access - Students from all
backgrounds can use the same high-
quality tools without needing fast
internet or extra resources.

Stable Performance - No slowdowns
caused by weak connections or heavy
traffic on servers.



TECHNICAL ASPECTS

GUI AND APPLICATION FRAMEWORK @ Hugging Face

¢ PyQt5: e Pillow (PIL): o’e
e QTimer / QThread / pyqtSignal: e pyttsx3 .i ] Nu mPy
e OpenCV (cv2): * pytesseract: ’ '

LARGE LANGUAGE MODEL AND RAG

2 pillow &L,
e Ollama e FAISS: o OpenCV

e LangChain Community Libraries: e TextLoader/UnstructuredPDFLoader: "
e HuggingFaceEmbeddings: e RecursiveCharacterTextSplitter: # + "" Tesse ra Ct
XX
O O" UTILITY AND SYSTEM LIBRARIES
ama | UTILITY ANDSYSTEM LIBRARIES
e pyautogui/lmageGrab:
Qwen » Numpy

e os/ pathlib / time / datetime / re / base64.
W4’ LangChain
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CONCEPTS & APPROACH

e Retrieval-Augmented Generation (RAG)
o What it is: Combines document retrieval with language model generation.
o Why used: To reduce hallucinations and give accurate, context-grounded answers.

e . Vector Databases
o What it is: Specialized databases that store embeddings for similarity search.
o Why used: To efficiently retrieve the closest matching document chunks during question answering.

e Embeddings / Vectorization
o What it is: Converting tokens into dense numerical vectors that capture meaning.
o Why used: To let the model understand relationships between words in error logs.

e Error Classification
o What it is: Categorizing input data into predefined error types.
o Why used: To identify whether an error is due to missing libraries, invalid parameters, etc.

e Rule-Based System
o What it is: A logic-based system that applies fixed “if-then” rules.
o Why used: To catch straightforward mistakes (like missing library paths or invalid time steps
quickly.
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e Large Language Model Layer
o Qwen 2.5B Model - Lightweight open-source LLM used for

o Multimodal Data Integration - Handles multiple input

e User Input Layer
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e User Output Layer

©)

PARADIGM EXECUTION

Components & Layers

e Preprocessing Layer
o OCR and Text Extraction - Converts scanned or image-
based text into machine-readable format.
o Image Analysis - Processes diagrams or figures to extract
relevant data.
o Voice-to-Text Conversion - Transforms spoken input into
text for further processing.

local inference.

types like text, images, and diagrams.

Textual Queries - Accepts user input in natural language.
Voice Input - Captures spoken queries for hands-free
interaction.

Circuit Diagram Uploads - Allows users to upload circuit
images for analysis.

e Knowledge Retrieval Layer
o Local Knowledge Base - Stores domain-specific
information offline for reference.
o Embedding Generation - Converts text into dense vectors
for semantic search.
o Vector-based Retrieval - Finds the most relevant

Textual Responses - Provides Al-generated answers in text information using similarity search.

format.

Voice Output - Converts responses into speech for
accessibility.

Visual Feedback - Displays processed diagrams or analyzed
results visually with rich formatting for readability.
Text-to-Speech Conversion - Converts final text answers
into natural-sounding audio.

e Chat History and Caching Layer
o Query Storage - Saves past user queries for context
continuity.
o Cached Outputs - Reuses previously generated results to
reduce computation.



USER FLOW-PROCESS

1. Circuit Design Input
e User designs a circuit in the tool.
e Any modification triggers the File Watcher, which detects changes automatically.

2. Data Processing
e The Data Extractor parses design files (netlist, components, simulation setup).
e OpenCV performs visual analysis of the schematic to check symbols and structure.

3. Knowledge Retrieval
* The system uses RAG (Retrieval-Augmented Generation) to search a knowledge base
for relevant troubleshooting information and theory.

4. Query Composition
* Prompt Composer combines extracted data + knowledge base results into a structured

query.

5. Al Reasoning
e LLM (Al model) + LSTM generates context-aware advice, error explanations, and
debugging suggestions.

6. User Assistance Output
e The Assistant Ul displays the response with recommendations, fixes, or learning
explanations.

User designs circuit

v

File Watcher detects
changes

¥

Data Extractor parses files

Visual Analysis?

Ho OpenCV analyzes schematic
|

'..\. .----..'l

H‘l &

FAG searches knowledge
basze

v
Prompt Composer creates
query

v

LLM generates advice

¥

Assistant Ul displays
response




HANDLING CIRCUIT-RELATED QUESTIONS AND ERRORS
The Chatbot is capable of:

o Answering Circuit Theory Queries: From basic
resistor-capacitor questions to more advanced
transistor biasing issues.

o Interpreting Simulation Logs: When Ngspice
generates an error, the Chatbot can analyze the
output text, detect keywords (e.g., “Convergence
Problem,” “No such device or model”), and
respond with targeted advice.

o @uiding Parameter Adjustments: The Chatbot can
suggest valid ranges or default values for common
SPICE parameters if they are missing or incorrectly
specified.

o Suggesting Debug Steps: For instance,
recommending that the user verify library paths,
check netlist syntax, or run a DC operating point
analysis prior to a transient simulation

Recommending Component Selection: Helps users
choose appropriate components (e.g., resistor
wattage, capacitor type, transistor models) based on
circuit requirements.

Explaining Simulation Results: Interprets
waveforms (voltage, current, frequency plots) and
highlights mismatches between expected and actual
outcomes.

Detecting Common Design Mistakes: |dentifies
floating nodes, missing ground connections, or short
circuits in the schematic.

Providing Educational Insights: Offers theoretical
background on concepts (e.g., RC time constant,
biasing conditions, feedback mechanisms) linked
to the user’s circuit.
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Projects
¥ test_1 mil
test_1.proj —,
¥ BJT_amplifier |mm|
MNPl =
sym-lib-table +
BJT_amplifier.cir
BJT_amplifier-cache.lib
BJT_amplifier_Previous,
BJT_amplifier.cirout
BJT_amplifier.sch
ngspice_error.leg
analysis
BJT_amplifier-rescue.lit
BJT_amplifier.proj
plot_data_wv.txt
BJT_amplifier.pro
plot_data_j.txt
BJT_amplifier.raw e
¥ BJT_CB_config ™y U
NP lib U
BJT_CB_config.proj !
BJT_CB_config.cirout
BJT_CB_config_Previoy s -
BJT_CB_config-cache.lil vi

BJT_CB_config.sch s . . )
ngspice_error.log ,:_‘P Welcome to eSim Copilot —‘
lysi e
aB']?'_”é:_mnﬁg_law Ask auestions aboul vour circuit simulations, error loas. or upload =
plot_data_w.txt
p p .

BJT_CB_config.cir layout:
BJT_CB_config.pro oSl oD " python

plal_tlat.a_l.h_tt impaort kicad.element as element
BJT_CB_config-rescue.l from kicad.topology import Topology
# Load the topological model
topo = Topology()

# Create a new topelogy based on the loaded model
new_topology = element.Topelogy(topo, 100))
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# add a single layer of copper to the layout
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eSim is an open source EDA tool for circuim tool built using open source softwares
such as KiCad (https://www kicad.org/), N s fr), Verilator (https://www.veripool.org/
verilator/), Makerchip IDE (https://www.mak]  Welcome to eSim Copilot j rtfd.iaf). eSim source is released under
GNU General Public License.

Ask auestions about vour circuit simulations. error loas. or uoload |

DEBUGGING SESSIO
& ANALYSIS OF
ERRORS .

esim Started......
Rrojeck Selected : None Tvpe vour auery here... @ Expor

[INFOI: wWorkspace : /h fethan_hunt/esim-Workspace

[INFO]: Chat Bot Function is called

[INFO: Kicad to Ngspice Conversion is called

[WaARNING]: Please select the project First. You can either create new project or open an existing project
[INFO): The current project is: fhome/ethan_hunt/eSim-wWorkspace/test_1

[INFO]: Kicad Schematic is called for project fhome/fethan_hunt/eSim-Workspacetest_1

This tool is developed by the eSim Team at | = cvau uie saveu wiviiyy vavn i rvau . https:/fesim.fossee.in/.
topology = Topology(topo) &

To discuss more about eSim, please visit: hti

Enter a title for this session:

@



FAQ & CHATBOT SECTION:
WORKING DEMO

Help Section 2 )

) rag User Manual (PDF) 1) support Chat
2 Support Chat

e5IM Support =]
If NgSPICE 15 not working, there are several potenbial 1ssues that could be causing the problem. Here are some steps to troubleshoot and resolve the issue:

1. Check NgSPICE Installation: Ensure that NgSPICE is installed correctly. You can download it from the official website: https:/ingspice.sourceforge.net/
download.homl,

2. Verify Installation Path: Make sure NQSPICE is in your system’s PATH environment variable. This allows you to run it from any command line without
specifying its full path.

3. Check Configuration File: Ensure that your NgSPICE configuration file (usually ngspice. conf) does not have syntax errors or misconfigurations that
could prevent the software from running property.

4. Run a Simple Simulation: Try running a simphe simulation o see if NgSPICE is functioning correcthy. For example, open a text editor and enter: bash

nasnice -h “WITE & W2 5 Ths <hould denlay the hasac SPICE synfax bd
Help Section & X
T g User Manual (PDF) 1) Support Chat

L2 Support Chat

TSPALE ~B WIA) O WiL) 2 DTS STFOUIRD UnEIedy WK Bdt SFILGE SYTdX _'I
5. Check for Errors: If you encounter an error when running NgsPICE, review the console output for clues. Common errors include syntax issues or
missing files,

6. Update Software: Ensure that your NgSPICE version is up to date. Newer versions may contain bug fixes and improvements that could resolve
compatibility 1ssues.

7. Consult Documentation: Refer to NgSPICE's official documentation or community forums for amy specific installation or troubleshooting guides
related to your issue.

If none of these steps resobve the problem, consider reaching ouwt o the NgSPICE suppor community for additional assistance.
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Zener_Characteristic

Ta0SvoltageRegulator
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Diode characteristics.cir.out

Diode_characteristics-rescuel|
Diode_characteristics.pro
Diode_characteristics_Previou
Diode_characteristics.proj
Diode_characteristics.cir

N:MON W

-

Diode_charactertstics.sch

e B
ENNCDEEE

Diode_characteristics-cache.lit

| warning: Unusual leading characters like ) or others out of "= [ 7 () & % 5"5E20F

ngsplee_errorlog 1 =

in netlist or included Files, will be replaced with "+,

Check line no &: )

warning: vi: no DC value, transient time 0 value used

Mo compatibility mode selected!

Circuit: kicad schematic

Reducing Litol bo 1 for xdpice W devices
Doing analysis al TEMP = 27000000 and THOM = 27.000000

Initial Transient Salution

in
net:_ri-padz_

xl.net_qi-padi_
xl.net:_qi-padd_
xl.net:_q-pad3_

x1.net- qi-pad2

‘OB e Generate SoC

Valtage

L
039647
AB008E
0162565
0224469
0172293 -

welcome  Netlist-test-1 | Simulation-test-2z | Plotting-test-3

esim started._....
Project Selected : None

[IMFO]: Default workspace selected : Momefethan_hunt/eSim-werkspace

[INFO): The current project is: fhome/ethan_hunkfeSim-workspace/test

[IMFDY; Ricad to Mgsploe Corversion is called

[INFO]: Current Project ks fhomefethan_huntfesim-workspace ftest

INFOY: Chat Bot function i called

INFO): Kicad Schematic is called for project fhomefethan_hunt/eSim-Workspaoeftest
INFO: Mgspice simulation is called : fhamefethan_hunt feSim-Woikspacetest

INFOY: PythonPlotting is called : fhome/ethan_himtfesim-Workipacetest

Diede_characteristicscirout

* fhome Tosses/esim-workspace/diode_characteristicsfdiode_characteristics cir

vi |ngnd de 1
d1 inoutd

r1 net-_r1-pad1_gnd 1k

*ul out net-_ri-padi_plot_i2
v_ul out net-_r1-pad1_0

do vl 0e-00 1e-00 0.01e-00

* Control Statements

control
un

print allv = plot_data_v.tat
print alli » plot_data_i.tat

plot ifv_ut)
endc
£nd

‘Welcome  NgSpice-1  kicadToMgspice-2  NgSpice-2

Project Selected : None

[inFo): Default workspace selected ; fhome/myo/eSim-Workspace

[inFO}: Debugging Tool function is called

[INFO}: The current project is: Mhome/myo/Downloads /esim-2.3Examples/FET_amplifier
[IMFO]: The current project is: /home/myo/Downloads/esim-2.3/Examples/BIT_CE_config
[INFO}: Open Project called

[inFoO}: Current Project is fhome fmyea/Downloads/esim-2. 3/Examples/Diode_characteristics
[INFOJ: The current project is: fhome/myo/Downloads/eSim-2.3/Examples/FET_Amplifier
[iINFO}: The current project is: fhome/myo/Downloads/eSim-2.3/Examples/BJT_CE_config
[INFO}: The current project is: fhomefmypo/Downloads feSim-2_3/Examples/Diode_characteristics
[1nFO): Kicad to Hgsploe Conversion is called

[iNFO}: Current Project is fhome myo/DownloadsfeSim-2.3/Examples/Diode_characteristics

Translent Analysiz
List of Hedes:

net- ri-pad?_ _
net_r2-pad2_
net-_x1-padT_

aut

q.x1.q1#colicx

q.x1.g2#collCx
q.x1.q3#collCx

qxi.gdRcollCx —
LETR T

e T )
qx1.q78

q.x 1.l
qx1.q880
qx1.qi0d
qxigiii
LELE
qxi.qidd

2025-08-24_10-24-33 - Info
2025%-08-24_10-12-34 - new J

welcome back to Ally: eSim Helper

- q18-pad3_4.37053 net- =
S2padl_ 436062 x1 net-_qlS-padd_4 36062 out 3 vI#branch
-0.000494 714 vi#branch 4. 98006e-12 a2#branch_1_0 0 No. of
Data Rows = 432 Total analysis time (seconds) = 0.04403 Total

CPU time (seconds) = 0.085 Total DRAM avallabde = 9232.570

MB. DRAM curmently available = 642,863 MB. Maximium ngspice
program size = 21.250 MB. Current ngspice program size =

10.840 MB, Shared ngspice pages = 8.633 MB, Text (code) pages

= 4.906 MB. Stack = 0 bytes. Library pages = 2.359 MB. tell me
about error in ngspice error in this cirowit —

2025-08-24_09-15-00 - Update

2025-08-24_08-49-07 - yes

2025-08-24_08-35-02 - Modifed

2025-08-15 01-42-17 - new =

- Expon ]

Simulation Failed
Error Type: Missing Model Definition

Suggestion: Please ensure the valid model library is
included in KiCadToNgSpice Converion for the diode.
valid models indude ‘DAY, "LEDIY, or TenerDINTS0.lb.
Metlist Line: d1 in out d
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2025-09-02_18-11-47 - hi

2025-09-02_18-04-54 - fg

2025-09-02_11-29-12 -

20253-09-02_10-29-10 -9

2025-09-02_10-24-40 - gh

2025-09-02 10-20-59 - hha =

‘ell me aboul the errors in this circuit - Expo L]
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User Manual (i3] (]

) raQ User Manual (PDF) 1) support Chat
{? Frequently Asked Questions Search FAQs
| o - = | -l
I-Hn:wml'«r do I update eSim to the latest version? >

WrEEr Tl STHIE IS &% Wi RleIira S35 SrsAr S EE ' 1S aal wEaresismsm TaE WSO F A/mararifnns SweErfaryy FWm ) imiiy SR TarmE Wil Fanrn FarmcsinnE fmaE sl ailire nimirm

'I'm getting 'permission denied’ errors while running eSim. What should 1 do? > |




Phase 1: Core AlI/ML Foundation
e Build diverse training datasets.
e Develop circuit-specific embeddings.
e Set up continuous evaluation.

Phase 2: Domain-Specific Intelligence
e Fine-tune for RTL/HDL and PCB tasks.
, e Add multimodal ML (text, diagrams,
outputs).
e Apply feedback-driven learning (RLHF).

Phase 3: Scalable and Adaptive Al
Integration
b e Optimize with quantized models for low-
end devices.
e Deploy adaptive Agentic RAG for speed
VS accuracy.
e Enable continual learning with eSim
updates.

FUTURE DEVELOPMENT GOALS

Phase 1:

Phase 2:

u

Phase 1: Data & Model Enhancement
e Expand training with diverse simulation
errors.
e Collect user feedback for error handling.
e Enable continuous model retraining.

Phase 2: Debugging & Verification
e Add RTL/HDL debugging support.
e Introduce PCB verification features.
e Use domain-specific embeddings.

Phase 3: Deployment & Integration
e Release as part of official eSim package.
e Optimize for low-end devices with

quantized models.
e Provide update mechanism
improvements.

for



CONTACT US

O (+91) 22 25764111

@ Email : info.fossee.in, contact-esim@fossee.in

https://fossee.in, https://esim.fossee.in

(©) Aero-Annex Building, IIT Bombay
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