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Background

Molecular Fingerprint
➢ Unique spectral "fingerprints" for 

identifying chemical compounds and 

their compositions

➢ Concentration of components can be 

determined by analyzing the intensity 

ratios of their prominent Raman peaks

➢ Ratio of these characteristic peaks 

exhibits a near-linear relationship with 

the concentration



Motivation

➢ Instrument makers need on-board hardware for direct 

quantitative analysis, avoiding external PCs

➢ Portable spectrometers gather data fast, requires quick, 

real-time parameters for point-of-care applications

➢ Scientists prefer automated tools, typically avoiding to work 

directly with code for ease of use

Develop an FPGA linear regression module for portable Raman spectrometers, enabling 

rapid, on-the-fly, user-friendly chemical concentration analysis



4-Bit Integer Quantization for Linear Regression

Slope : -0.560855

Intercept : 9.455583

R2 Score : 0.951513

MSE : 0.323244

Slope : -0.525380

Intercept : 9.183580

R2 Score : 0.948967

MSE : 0.340218

Fit Metrics

Fit Metrics

➢ Quantized 4-bit integers reduce FPGA 

resource usage and power

➢ Training with representative dataset ensures 

robust quantized model performance

➢ Representative Dataset: reflects statistical 

properties and variations of the original full 

precision data.

➢ 4-bit quantization yields results closely 

matching the original full-precision model



Simplification for Linear Regression

➢ Use accumulators and multipliers in int4.

➢ Convert to float at the end for precision.



LR Accelerator Component (Block Diagram)

➢ 16 parallel pipelines accumulate data

➢ Adder sums pipeline outputs 

➢ Processing unit computes products

➢ Register interface controls data flow



LR Accelerator Component (Accumulator Block)



LR Accelerator Component (Weight Computation Block)



Timing Diagram for LR Accelerator Component



Accumulator Pipeline (Block Diagram)



Accumulator Pipeline (Analysis)

Fitter Summary Timing Analyzer (Fmax)

Timing Diagram



16 Number 18 Bit Adder Block



18 Bit Adder Block (Analysis)

Timing Diagram

Timing Analyzer (Fmax)



LR Accelerator Component with Avalon MM Agent Interface



Address Encoding for Read Instructions



Address Encoding for Write Instructions



Memory Map for Read Instructions Memory Map for Write Instructions



Signals and Interfaces



Platform Designer System



Software Code



Software Code



Software Code



Validation of Accelerator

Slope : -0.560855

Intercept : 9.455583

R2 Score : 0.951513

MSE : 0.323244

Slope : -0.525380

Intercept : 9.183580

R2 Score : 0.948967

MSE : 0.340218

Fit Metrics

Fit Metrics

Param. C Code 
(Local)

FGPA
Accelerator

S1 : 432 432

S2 : 3440 3440

S3 : 2160 2160

S4 : 37294 37294

S5 : 11998 11998

N0 : 39281920 39281920

N1 : -2247264 -2247264

D : 4277408 4277408

W0 : 9.183580 9.183580

W1 : -0.525380 -0.525380

The various intermediate as well as final 
output generated by the accelerator match 
the ones generated by the baseline C code.



➢ Runtime in Local Machine [Intel i9] (in Python): 154𝜇𝑠

➢ Runtime in FPGA (in C): 28.9𝜇𝑠

➢ Runtime with Accelerator:

➢ Sending Data: 340𝜇𝑠

➢ Processing and Reading Data: 9𝜇𝑠

➢ Calculating Weights (Floating Operation): 2𝜇𝑠

Runtime Analysis of Accelerator



THANKS
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