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1. Built own database of spectral images with RGB and IR 

over 200 tomatoes

2.IR Image Using Smartphone and 5 IR pass-through filters - 

Only 720nm filter provided a sharp image while the other 4 

filters (760nm-1000nm) had low fidelity images and hence 

was not pursued further in the study

Flesh firmness (in N/cm2) using a penetrometer

MOTIVATION

BACKGROUND

EXPERIMENTAL PROCEDURE

1. Average ripeness, collected with penetrometer, was 

around 17.1 Newtons (N) with a min. of 4 N and a 

max of 32 N.

       < 8 N as overripe (red line) 

       > 8 N and < 22 N as ripe 

       > 22 N as unripe (green line) 

2. Selected 2 of 16 machine learning (ML) models 

developed to predict ripeness factor. 

o Average pixel intensities for Near IR and RGB 

wavelengths as features

o  A second model built using Pix2Pix architecture to 

spectrally reconstruct IR images from the RGB 

images. Pix2Pix is a deep learning model that can 

learn a mapping function from an input image to an 

output image. The input and output images can be 

related in some way, such as an image of a hand-

drawn sketch and the corresponding realistic image. 

The architecture uses a conditional generative 

adversarial network (cGAN). Pix2Pix architecture is 

a powerful tool for image-to-image translation tasks

3. ML models achieve root mean squared errors 

    (RMSE) between the predicted and actual ripeness 

     metric ranging from 2.8N to 3.1N.

RESULTS

CONCLUSIONS & FUTURE WORK

In summary, research provides two economical 

approaches to predict ripeness using HSI – 

➢ Predictive ML models based on spectral generated 

Near IR image from a RGB image taken using a 

smartphone camera 

➢ Easy-to-use App on iPhone to predict the ripeness 

of tomato with simple click of iPhone camera

Demonstrated non-destructive, affordable, and easy 

to use solutions by any consumer/grocery store to 

reduce produce waste

Next Steps include:

• Test with other most wasted vegetables and fruits 

(Avocadoes, Watermelon)

• Explore other alternatives like IR Thermal 

Imaging if accuracy of ripeness predictions can 

be further improved.
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Excellent correlation in ripeness between actual & 

predictions from App.

CHALLENGE: APP DEVELOPMENT

RESEARCH OBJECTIVES

My research last year (Darbha et al, 2022) showed 

o Hyperspectral Imaging was an effective method in 

identifying the ripeness of Tomato. 

o However, needed to be AFFORDABLE and  

stand-alone optical imaging device 

This study explored an economical alternative, 

iPhone with IR filter.

Study answers a question and a challenge – 

❑QUESTION: Can spectral imaging in the IR 

wavelength spectrum be combined with RGB 

imaging to predict ripeness of fruits or vegetables?

❑ CHALLENGE: Can an easy-to-use App on an 

iPhone be developed to predict the firmness of a 

tomato with a simple click of the iPhone’s camera 

enabling produce waste reduction at the hands of an 

everyday consumer?
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