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Predicted Firmness in Newtons

* Easy-to-use App to predict firmness of tomato with a simple click of the iPhone’s camera
Previous studies! attempted to tackle food/produce waste using hyperspectral imaging (HSI) by

measuring ripeness of vegetables and fruits

* Democratizes produce waste at the hands of an everyday consumer

BACKGROUND RESEARCH OBJECTIVES RESULTS RESULTS
First, demonstrated HSI capability of detecting a Myl_rlese;r;heli‘rs;mﬁ;(ﬁ]ars\t‘sse;na'e’f?eoczﬂz\zespnoe"t"heg - 1. Average ripeness, collected with penetrometer, was Excellent correlation in ripeness between actual &
“000d” vs “bad” tomato (w/ commercial camera) o TYRETSP o9 around 17.1 Newtons (N) with a min. of 4 N and a predictions from App.
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. . wavelength spectrum be combined with RGB = _ _
What 1s Hyperspectral Imaging (HSI) ? imaging to predict ripeness of fruits or vegetables? T - 2. Selected 2 of 16 machine learning (ML) models
' developed to predict ripeness factor.
Electromagnetic Spectrum: Different modes of imagin i p p p CONCLUSIONS & FUTU RE WORK
s 1 CHALLENGE: Can an easy-to-use App on an - - o
: ) _ _ o Average pixel intensities for Near IR and RGB | —
A IPhone be deve|oped to pred|ct the firmness of a Not alone...... Other examples of using Smartphone based imaging
w | . . . , wavelengths as features | S
tOInatO Wlth d Slmple Cth Of the lPhOIle S Caimecra _ Detecting anaemia earlier in children using a smartphone
enabling produce waste reduction at the hands of an B8 || o Asecond model built using Pix2Pix architecture to e
U Multispectral - several wavelengths are measured everyday Consumerr) SpeCtraI Iy reconStrUCt IR images from the RGB | | |
% | Wowtrgh rgors o parputioagg. 0 6B maeom g dgalcameritpec Images. Pix2Pix Is a deep learning model that can
' e EXPERIMENTAL PROCEDURE learn a mapping function from an input image to an
HSI is the combination of spectroscopy and digital imaging. J ?hyepisgﬁe52§;cti32p:str‘;e“‘;‘;‘:;”f;:‘;:io;‘p;t?al OUtpUt image. The i”pUt and OUtpUt images Ccan be
HSI is referred to in the ultraviolet (UV) to near infrared (NIR) range point. | 1 Bu”t own database Of SpeCtraI Images Wlth RGB and IR related in Some Way, SUCh aS an image Of a hand-
over 200 tomatoes drawn sketch and the corresponding realistic image. e
Imaging Science The architecture uses a conditional generative In summary, research provides two economical
- adversarial network (cGAN). Pix2Pix architecture is approaches to predict ripeness using HSI —
1 Diffuse Reflection Governed by Lambert’s : : - .-
4 - d a powerful tool for Image-to-image translation tasks > Predictive ML models based on spectral generated
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of tomato with simple click of iIPhone camera

Data collection setup for Hyperspectral images

SitpAlylhg assUmpRions of tomatoes using iPhone with IR-filter RGB Image

Camera * |=R,: camera response function f is the identity function:
— can always achieve this in practice by solving for f and
applying f ' to each pixel in the image
* R;=1:light source intensity is 1
— can achieve this by dividing each pixel in the image by R;
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Demonstrated non-destructive, affordable, and easy
to use solutions by any consumer/grocery store to
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2.1R Image Using Smartphone and 5 IR pass-through filters -
Source: Reflectance Spectroscopy & Colorimetry | PhysicsOpenLab Only 720nm filter prOVided a Sharp image While the Other 4

. S 3. ML models achieve root mean squared errors reduce produce waste
filters (760nm-1000nm) had low fidelity images and hence _ : _ P
Prior Arts: Achievement of 2021-2022 was not pursued further in the study (RMSE) between the predicted and actual ripeness
U metric ranging from 2.8N to 3.1N. Next Steps include:
e st s s RO Root Mean Square Error Between Actual & Predicted Ripeness e Test with other most wasted Vegetables and fruits
760nm Image slightly blurry and discontinued using filter Darbha al. (2022) (Avocadoes, Watermelon)
e -  EXplore other alternatives like IR Thermal
" I | Imaging If accuracy of ripeness predictions can
;v;tril tlgltgpfi—' . : '11‘ ;f: "‘]‘ ;.': 950nm Image not visible. Discontinued using this IR filter be fu rther improved-
I:g:tnggg (?nazzz‘f:dogg)%r?s::a?is% Built ML models to predict ripeness of tomatoes 1000nm Image not visible. Discontinued using this IR filter AC K N OW L E D G E M E N TS
ISSUE: COST _
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