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What will we talk about?

Lex Oosterveld (OnePlanet) on the
International roadmap integrated photonics
(IPSRI1) and the role in food processing

Pavel Paclik (PerClass) on easy-to-use Spectral
Imaging in food quality

Henk Reitsma (Greefa) on the use of different
types of photonics applications in sorting and
packaging of fruits and vegetables

Questions and Discussion on challenges,
possibilities and follow-up
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“Food processing 4.0 concept denotes processing food in the current digital era by
harnessing fourth industrial revolution (called Industry 4.0) technologies to improve
quality and safety of processed food products, reduce production costs and time,
save energy and resources, as well as diminish food loss and waste  Hassoun etal, 2023
Food Control 145, 109507

Relevant technologies are:

e Sensors

« Software

« Connectivity
* Robotics

« Dataanalytics

STF
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A photonic integrated circuit (PIC) is a microchip containing two or more photonic
components which form a functioning circuit.

This technology detects, generates, transports, and processes light.

Photonic integrated circuits utilize photons (or particles of light) as opposed to
electrons that are utilized by electronic integrated circuits.

A photonic integrated circuit provides functions for information signals imposed
on optical wavelengths typically in the visible spectrum or near infrared (850-
1650 nm). Source:Wikepedia

STF



= |t allows a wide variety of optical sensing
technologies suited for agrifood

= Scalability and integration allows low cost at high

volume

= Sensor fusion and powerful computing support
quantitative analysis and ease of use

= real-time remote sensing of food

composition

*= miniaturization,robustness and low
power:suitable at point of use

Miniaturization

Q @G

Increased

Cost reduction)
reauction reliability

-~

Reduced power
consumption
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2023 Agrifood 2024 2026
Roadmap

Crops pre-harvest
Crops post-harvest
Livestock
Food processing

Chemical sensor

Laser
wavelength range

Photodetectors

Surface

Functionalization

Packaging

Sensor system

2030

2032

2034

2036
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Supply chain and photonic applications

Agricultural Post harvest handling

production and storage

Processing and

packaging Distribution

Growth L
" Process optimization
conditions
Avoiding losses and waste

- Plant growth - Handling and harvestdamage
- Nutrients, moisture - Storage conditions

- Plant stress - Controlled ripening

- Pests and disease - Produce selection

- Soil conditions - Pests, moulds and diseases

- Moisture, sugar

- Livestock emissions

- Livestock produce

- NIR spectroscopy - NIR spectroscopy
- Raman spectroscopy - Raman spectroscopy

- THz spectroscopy - THz spectroscopy
- Photoacoustic spect. - Photoacoustic spectroscopy

- Speckleimaging

* (Hyperspectral ) cameras are assumed ubiquitous.

- Ingredient inspection - Damage -Damage i

- Ingoingmould/disease inspection inspection Photonic
inspection - Transportcontrol | -Produce quality Appﬁcatinn
- Produce characterization - Point of sales -ripeness

and selection quality control -sellability quality

- Food processing control control

- Quality control

- NIR spectroscopy -NIR spectroscopy | -NIR Spectroscopy .
- Raman spectroscopy - (Photoacoustic) | -Gas detection Photonic

- THz spectroscopy gas detection - Sensing
- Biochips

N
. Fé. Photqn Del_ta KOnePllnet
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@ perClass BV

User-friendly
spectral image interpretation
in food quality

Dr.Pavel Paclik

20 September 2023



perClass BV introduction

We provide software enabling anyone to interpret spectral images

e perClass BV is a spin-off from TU Delft (2007)

* 15+ years of experience with industrial machine learning

* in 2018 we introduced specific product for spectral imaging — perClass Mira
* in 2022 acquired by Headwall Photonics
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Outline

* Introduction

* Spectral imaging

 Example applications in food

* Regression / quality estimation

e Latest developmentsin quality work-flows
* Summary

@ User-friendly spectral image interpretation in food quality
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perClass Mira Stage — A lab systgm for fruit quality testing

acquisition and interpretation
software

hyperspectral camera \

\\ S
J»; |

illumination \; X
-

»>:%¢'
scanning stage / s -

: estimated brix
white grapes

Iﬁ User-friendly spectral image interpretation in food quality 18



What is spectral imaging?

» Collecting light reflected from the sample over a range of spectral wavelengths

» Producing spatially and spectrally resolved data (spectral cubes)

spatial dimensions .

Spectral Camera

llluminant

Sample

White Reference

spectral

source: thesis of Asif Setu dimension
(wavelength) Hyperspectral cube

@ User-friendly spectral image interpretation in food quality
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Spectral ranges

» Each spectral range provides different information for different type of applications

SWIR
NIR
VISNIR
900 1000 1700 2500
Silicon InGaAs HgCdTe

»
>

Wavelength (nm)

@ User-friendly spectral image interpretation in food quality 20



Challenge

How to get from a spectral cube to application-specific interpretation?

Iﬁ User-friendly spectral image interpretation in food quality
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Spectral image interpretation in food applications

e Classification * Regression

* Detect foreign objects * Estimate sugar content

» |dentify objects or parts by material * Sort by moisture content
*  Find defects * Visualize protein distribution

Make decisions Estimate numerical value

vari=9.603 var1=9.409

Iﬁ User-friendly spectral image interpretation in food quality 22



Unknown foreign object detection in minced meat

= perCias Mira I » Foreign objects detection
File View Data Classification Regression Acquisition Help
@ ﬂ - 3 @ I?:erCIass Mira

ZGUCUN Cube |QNCRCEERY Labels Decisions  Errors Regions  Fje View Data Classificaton Regression Acquisition Help

o @ | EH EH B T &

SN Cube | Nolabels Labels Decisions Errors RELWL Objects

\1;

Ultris X20
350-1000nm

[8)cubert

False RGB preview

@ User-friendly spectral image interpretation in food quality Decisions per ObjECt




Detecting green bean stem ends

Testimage 1 Test image 2

1 labeled regions

tail found not-found total
v .$ o | » Detection by material, not by appearance
Cecsons - * Confusion matrix per object
matched .

2o * True detections
decisions

[ ]

mﬂ " E rs e |
A Konica Minolta Company decisions 12

12
12
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oreign object detection in almond sorting  Headwal

'ViSFIATEK
» Rejection of unknown (not trained) foreign objects

w perClass Mira
Fle View Data Cha ation Re n Acquisiion Help

\ =2 © @ [n & 2 ©
Errors I EEETV Show unknown Zoomin Zoom out | Undo Brush, Alpha, | Rotate right Rotat Crop mode

Spectra

; Foreign objects

almond shell

S h e I I SOb]ects Acquisition Regression Visualzation |Spectra

Output
Images 0bj029: 587,117 size=3672 bbox=[87:142 537:629] dass=1 (almond) content{classind:pixels)= 0:552 2:2872 3:248
oot cot, 4 562
0bj032: i g : 2 (almond shell) content(clas
0bj033: 608,897 size=207 bbox=| E H ss=3 (Unseen in training) content(cassind:pixels)= 0:207 2:
0bj034: 710,511 si 8351 bbox=[421:622 609:852] d (Unseen in training) content(dassind:pixels
3:2423
0bj035: 659,288 583 bbo: 45:328 633:688] dass=1 (almond) content(classind:pixel 0:649 2:2824 3:110
0bj036: 679,180 : : 1 (almond) content(classind:pixel 0:580 2:2615 3:171
0bj037: 749,276 E 3 1 (almond) content(cla: H
o 0bj038: 722,913 E g (Unseen in traning) content(da:

FO re I g n 0bj039: 736,821 g B (Unseen in training) content(da:

0bj040: 734,897 si : g (Unseen in traning) content(da:
. obj041: 772,123 size=3262 bbox=[95:150 732:816] dlass=1 (almond) content(ck X

0bj042: 792,204 572 bbo: 76:234 748:837] class=1 (almond) content(cla: H

O bJ e Cts obj043: 787,329 08:363 750:826] dass=1 (almond) content(cl: 0:632 2:2412 3:152
obj044: E : 1 (almond) content(cla: 14100 2:19513 3:1122
0bj045: 883,178 size=4038 bbox=[129:223 855:910] class=1 (almond) content{classind:pixels)= 0:709 2:3233 3:96
obj046: size=3618 bbox=[806:878 892:1020] ! 3 (Unseen in training) content(dassind:pixels)= 0:3572 2:13
3:33
0bj047:
0bj048:

3:127

RGB pl Cture 48 objects: the smalest object: 146 pixels

row:434 col:802 band:

Decisions per object )5

User-friendly spectral image interpretation in food quality



Foreign object removal from cashew nuts wall VVisrarex




Detecting unripe fruit with Aris TopView

Aris TopView
High resolution multispectral
camera

Blueberries
0.2
0.15
=
[
2 01
B
S 005
o
[75]
0
0 5 10 15 20 25
-0.05
Bin index
blueberries unripe
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Estimating tomato brix and acidity

w perClass Mira
File View Data Chssification Regression Acquisition Help
Ty’ - Fra Fra -
k1 ¢ |« . £3
Preview eI Mo labels WELES Decisions Errors  Regression  Objects  Object labels

Classes Regression
] Unknown
i

3 tomato  F e TN ; brx ¥ Minvalue -1.275 %

Model search  Retrain

Back Prix=8.266 > ' Variables Dataset Model | Visualization

& ® €

Show unknown Zoomin  Zoom out

Max value 15.349 + Scaletofit iy to image obje

Variables Dataset Model  WVisualization

Rr gression plot EEE

obj001: 68,182 size=2913 bbox=[139:227 45:§2] regoutput=8.720499,9.776197
obj002: 73,297 size=3163 bbox=[252:342 49:§7] regoutput=8.265788,2.000132
obj003: 70,543 size=2466 bbox=[502:582 49:§2] regoutput=8.529673,10.019317
obj004: 73,54 size=2379 bbox=[14:95 53:95] Jegoutput=8.707190,9.451497
obj005: 76,420 size=2047 bbox=[377:463 53:§2] reqoutput=8.324904,10.165162

Objects | Regression Vis.

row:7 cok256 band:96 wavelength:694[nm] val:321 Rkbel:0 "Unknown'

Data courtesy of WUR

Dbjects ~ Regression

User-friendly spectral image interpretation in food quality

Min value -1.275 * Maxvalue 15.349 > Scaletofit  ly to image obje

Training set (R~2=0.860808)

Test set (Q~2=0.938252)

Visualization Spectra

Impaorting cube...




Baking time estimation for cookies

*

@ IASER ZO00

) MA
Entered in oven | N REswl\ieN

*

*

*
Tk %

Estimating time per object
(red = training, green = unseen test objects)

Regression plot

Mapping time estimates per pixel.

Training set (R~2=0.950469)
Test set (Q~2=0.918932)

True value

@ User-friendly spectral image interpretation in food quality 29



Example: Orange brix estimation

* Measuring brix value of Hamlin oranges in Florida

* Developing models estimating brix directly from
the truck passing under the MV.X camera

(R~2=0.982537)

Test set (Q"2=0.983354)

@ User-friendly spectral image interpretation in food quality



Object quality estimation use-cases

e Brix, acidity, limonin, ...

* Fruit firmness

* Moisture/dry matter

* Fat content in meat

* Protein content in animal feed
* Fat acids

* Histamine content

Fat content estimationin minced
meat using perClass Mira

Source: Specim.fi sPecim

I B
A Konica Minolta Company

) [0

Campione la Object Image Campione 1a Object Image Campione 1a Per-Pixel Regression
Regression Image color scale

Histamine in tuna fish, Source: Headwall Photonics o

@ User-friendly spectral image interpretation in food quality 31



Building quality estimation solutions

Design phase:

1. Scan fruit

2. Perform destructive testing

3. Attachthe quality parameters back to scans
4. Build a regression model

Deployment phase:
1. On new scans of fruit
2. Estimate quality parameters




Object quality estimation work-flow

1. Build pixel classifier

. perClass Mira

Fie View Data Classification Regression Acquisition Help

A E e B « « H B ¢ ¥ ® €
Pr

iew QOGN No labels WELESM Decisions Errors Regression Regions Objects el sear Retrain  Show unknown Zoom in  Zoom ou

Classes Spectra

Unknown
background

Images
v40.2

v403

v404

v405

v406

v407

v408

v409

v410

va411l Objects Reg ion Spectra

cLAAm

band:64 wavelength:595[nm]
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Object quality estimation work-flow

1. Build pixel classifier

' perClass Mira

File View Data C ion Acquisition Help

B 5 . . . % e e
D

Preview [eTf= € oyl Frrors Regression Regions Objects el sear ain  Show unknown Zoom in Zoom ou

ackground

reflection
defect

ion | Spectra

User-friendly spectral image interpretation in food quality 34



Object quality estimation work-flow

1. Build pixel classifier
2. Segment objects of interest

. perClass Mira

File View Data Classification Regression Acguisiion Help

i H . ‘ - £ % @ o
Objects

Preview MOIM| No labels Labels Decisions Errors Regression Regions Model search  Retrain  Show unknown Zoom in  Zoom ou

Classes Spectra
Unknown
background

reflection

defect r

Images 3
B
402 MY

v403
v404
v405
v406
v407
v408
v409
v410

vl Objects Regression |Spectra

col:97 row:84 band:96 wavelength:694[nm] val:3774 object label:4 'Object 4'
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Object quality estimation work-flow

1. Build pixel classifier
2. Segment objects of interest
3. Annotate objects with numerical characteristics

w. perClass Mira

Fle View Data Classification Regression Acquistion Help

=

File

Home

Insert

Page Layout

Formulas

Classes

Unknown

background

reflection
defect

Images

Review  View

8 G

[EEUE Cube

No labels

Q Tell me what you want to do

H HE B

Labels

tomato_groundtruthxlsx -

Decisions EHIE

Pavel Paclik . =

£ | ¥ @ €

Model search  Retrain  Show unknown Zoomin Zoom o

L T e s | i

Jx
A B C D E F G
1 |relationship genotype treatment file_VIS remark brix acidity )
2 : 5 F 7 Va0l young: truss 3 4.5 REgI’ESSIOI’I Spectra
3 | 5 F 7 V402 young: truss 3 4.65
4| 5 F 7 V403 young: truss 3 4.45
5 | 5 F 7 VAa04 young: truss 3 4.4
6 | 5 F 7 V405 young: truss 3 4.45
7| 5 F 7 V406 middle: truss 5-6 4.05
8 | 5 F 7 Va07 middle: truss 5-6 3.95
User_friendly Spe( 9 | 5 F 7 V408 middle: truss 5-6 3.4 36
10 | 5 F 7 V409 middle: truss 5-6 3.75
11 5 F 7 V410 middle: truss 5-6 3.95
q "y = C - YFAT T P "




Object quality estimation work-flow

. Build pixel classifier

. Segment objects of interest

. Annotate objects with numerical characteristics
. Train regression model B

File View Data Classification Regression Acquisition Help

i3 . . . £F 3 e

Preview oV =8| No labels Labels Errors Regression Regions Objects Model search  Retrain  Show unknown Zoomin Zoom out

S W IN =

Classes Regression

0 Unknown

1 background Variables Dataset Model Visualization
2 tomato F
3 reflection o Preprocessing 1st der., 19 pixels
4

defect | ]

Model search  Retrain model Apply model to data  Apply model to this image

Images Regression plot Statistics Outliers Errors

Objects | Regression | Spectra

col:338 row:112 band:96 wavelength:694[nm] val:190 decision:1 'background'
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Object quality estimation work-flow

. Build pixel classifier

Segment objects of interest

Annotate objects with numerical characteristics

Train regression model = -0 %

File View Data Classification Regression Acquisition Help

. Apply to new objects ? < IONNC . g & K e

Preview [MOILEM| Mo labels Labels QBEEGGEM Errors  Regression Regions Objects Model search  Retrain  Show unknown Zoom in  Zoom out

VAR WNR

Classes i3 Regression
Unknown varl=4.881 a_riiii'g'l:g__l
r

__________ Variables Dataset Model Visualization

F
Preprocessing  1st der., 19 pixels

Model search  Retrain model Apply model to data  Apply model to this image

Regression plot | Statistics OQutliers Errors

Output

Applying regression model: : e e (TR
0bj001: 70,320 size=5431 bbox=[268:371 38:102] regoutput=4.928545 (conf 17.952520) o] Traning set (R"2=0.950493) |

0bj002: 69,549 size=4846 bbox=[497:605 39:99] regoutput=5.090103 (conf 34.427116)
0bj003: 76,169 size=6132 bbox=[108:229 43:110] regoutput=4.881102 (conf 26.035162)
obj004: 101,426 size=5989 bbox=[371:482 68:136] regoutput=4.964970 (conf 22.874090)
obj005: 135,240 size=5784 bbox=[183:296 102:168] regoutput=4.864585 (conf 29.327480)|

Objects | Regression Spectra
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Practical challenges

You need to scan close to samples in the production environment
You need to scan a lot of samples generating very large data sets
You need to build a robust model and properly validate it

You need to select spectral camera/range

You need to enable lab operators to use the solution

A NS

@ User-friendly spectral image interpretation in food quality
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perClass Mira Stage — a portable scanning solution

* Single rugged bag « Mounting (3x speedup)
* Can be checkin on flights

@ User-friendly spectral image interpretation in food quality
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Fast scanning workflow

e Easy scanning workflow fully operated using stage buttons+ mouse
* You can collect about 100 scans in 15 minutes

User-programmable buttons

@ User-friendly spectral image interpretation in food quality 41



Fast scanning workflow with data compression

* Scan lossless compression saving only object data

File View Data Classffication Regression Camera Window Help Test
. 35 @ e & E
ﬁ o how mask DSl Object mask L] 7 Clear mask . Database  Add user | Signin
Camera Images Operator | Saan Save | Raw yrrected Object dilation Zoomin Zoomout | Brush Alpha
£ X

Classes X

0 Unknown P
back Correction | Recording

T Detected object

Recording ¥ Objects Feasture extraction  Confusion matrx  Regression  Visualzation  Cross validation

Directory  ...fUsers/perClass/Pictures/Spectrallmages/grape_demo

scan g ra pe_

O Add timestarnp O Add index 1
: % e ‘ Description Maximum amount of frames 420
mages “
= .2 O Record 1 object
grape_day4_obj01_repl_test] ™
grape_day4_country3_var2_obj7
grape_day4_country3_var2_obj8
grape_day4_country3_var2_obj9
grape_day4_country3_var2_obj10
grape_day4_country3_var2_obj11 p
grape_day4_country3_var2_obj13 M k b dj d by
i G e ask can be adjuste user
grape_day4_country3_var2_obj15 o T ERR n
grape_day4_country3_var2_obj16 I]c n eeded 8 (32.82x smaller)
grape_day4_country3_var2_obj17 1
grape_day4_country3_var2_obj19
grape_day4_country3_var2_obj20 102.54 MB
grape_day4_country3_var2_obj21
grape_day4_country3_var2_obj22
grape_day4_country3_var2_obj23

Saving compressed cube

Spectra | Camera X

Output | Frame X Camera speed

Spectral R 51 + G 101 =/ B 151 % Spatal C 161 = M 321 % Y 481 % Classifier speed SEI‘-"II'IEI CDmDrEEEEd CUbE

Total speed (ind.acquisition)

e L 3.05% (32.82x smaller)

C sawe max raw display value 4004

San

Speed | Focus White refert 3 [ 1.2 M B

Move to start Move left Move right  Move to end

O Record white White start 5 mm < Whiteend 40mm = 1 I:I 2 u 54 M E

O Record dark Scan start 10 mm Scanend 95mm 2

O Limit travel speed Reset

Speed: 24 mm/s 0 mm 0 mmyfs
——

Ready Disconnect

cok:633 row:143 band:101 wavelength:1300[nm] val:0

riendly spectral image interpretation in food quality




Fast scanning workflow with data compression

* Scan lossless compression saving only object data

File View Data Classification Regression Camera Window Help Test

o £ & H s £ ¥ o
Camera bl Operator |WEEUENE Cube |WILN=LEIE Labels Dedsions  Ermrors Regions  Objects Model search  Retrain  Show unknown Zoom in

Classes X £ x
Unknown P

Detected object

Images X \\
Scan in memory
grape_day4_objol_repl_test]
grape_day4_country3_var2_obj7
grape_day4_country3_var2_obj8
grape_day4_country3_var2_obj9
grape_day4_country3_var2_obj10
grape_day4_country3_var2_obj11
grape_day4_country3_var2_obj13
grape_day4_country3_var2_obj14
grape_day4_country3_var2_obj15
grape_day4_country3_var2_obj16
grape_day4_country3_var2_obj17
grape_day4_country3_var2_obj19
grape_day4_country3_var2_obj20
grape_day4_country3_var2_obj21
grape_day4_country3_var2_obj22
grape_day4_country3_var2_obj23

Output | Frame X £ X

Spectral R 51 £ G 101 T B 151 2 Spatial C 161 = M 321 % Y 481 = Line 191 =

B  Increment scen name

C sawe

Move to start Move left Move right  Move to end

O Record white White start 5 mm White end 40 mm =
O Record dark Sanstat 10mm < S@nend 95mm T

O Lmit travel speed Reset

Speed: 24 mm/s 0 mm 0 mmfs
——

Ready Disconnect

col:330 row:191 band:101 wavelength:1300[nm] val:0.0838821

User-friendly spectral image interpretation in food quality

@ |0 | &

Zoom out

Recording X Objects Feature extraction

Correction | Recording

Directory  ...fUsers/perClass/Pictures/Spectrallmages/grape_demo

Scan g ra pe_

O Add timestarmp

Description

Spectra | Camera X

Camera speed

Classifier speed

Total speed (incl.acquisition)

Exposure: 6,3

max raw display value 4094
Sean

Speed Focus White refere

Brush

Example: One day of grape scans
M Uncompressed: 7.63GB
0.39GB

Rotate left

Confusion matrx  Regression Vi CO m p reS S e d :

This is
5.1% of data amount
19.5 x smaller.

Saving compressed cube
3.05% (32.82x smaller)
|
3.12 MB

102.54 MB

Done




Multi-camera scanning

Attaching multiple cameras on one stage

e perClass Mira Master instance controls stage + one camera
Worker instance controls other camera

Same or different PCs

master
(stage + MV.CNIR)
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Building robust models

Regression plot  Statistics Outliers  Errors Regression plot | Statistics . Outliers Errn%s . .
raining set  test set

statistics TR TS acceptance
r correlation 0.9¢ { 0.9 0.75

RMSE 0.47003 0.444273 1.80879
RPD .841632 6623 2

Bias 3.00098e-06 -0.201292

Std 1.80879 1.07188

Sep 0.470839 0.402603

R~2=1-RS5/TSS_trainSet 0.932241
R~2=1-RS5/TS5_testSet

R™2=1-RS5/TSS_alSamples

Sample count

Training set (R~2=0.932241)
________ truth Test set (Q~2=0.993595)

Regression ot Statstics [ o e rro r e Stl m a tes .................... .............................. .............................. Boomasceonasommmpapasasnaosnse Bososasoapancons

Training set

(ground——truth needed-) ---------------- e ¢ Testset

Regression plot Statistics Outliers | Errors

outlier score QEE——
Test set
'd —truth no

User-friendly spectral image interpretation in food quality




Building robust models

Regression plot  Statistics Outliers  Errors Regression plot | Statistics . Outliers Errn%s . .
raining set  test set

statistics TR TS acceptance
r correlation 0.9¢ { 0.9 0.75

RMSE 0.47003 0.444273 1.80879
RPD .841632 6623 2

Bias 3.00098e-06 -0.201292

Std 1.80879 1.07188

Sep 0.470839 0.402603

R~2=1-RS5/TSS_trainSet 0.932241
R~2=1-RS5/TS5_testSet

R™2=1-RS5/TSS_alSamples
Sample count 293

Regression plot Statistics Outliers | Errors

Training set

Training set (R~2=0.932241) Test set
........ truth Test set (OA220-993595)

Regression plot  Statistics | Outliers | Errors SySte m a ti C e rr‘) rs
: due to unknown varie
outlier score T

d —truth no e ) \
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Advanced example: Cross-validation and use of replicas

File View Data Classification Regression Camera Window Help

O ;: [m 6 B v Al E}. 3 e ° Database
No labels

Camera Operator |REGEYETE Cube Labels Decisions Errors Regression Regions Objects Model search Retrain  Show unknown Zoomin Zoom out

Classes X Objects Regression X  Cross validation Recording &£ X
0 Unknown '

Variables Dataset |Model Visualization
p grape
vial P102:b Preprocessing 1st der., 19 pixels

“ CemCCEECT

Images X Model search  Retrain model Apply model to data Apply model to this image
Live acquisition
day7/nir_grape_day7_varl_obj10_repl Regression plot Statistics Outliers Errors
day7/nir_grape_day7_varl_obj10_rep2
day7/nir_grape_day7_varl_obj10_rep3
day7/nir_grape_day7_varl_obj10_rep4
day7/nir_grape_day7 varl_objl0_rep5
day7/nir_grape_day7_varl_obj11_repl
day7/nir_grape_day7_varl_obj11_rep2 Spectra X  Output Frame
day7/nir_grape_day7_varl_obj11_rep3 k
day7/nir_grape_day7_varl_objl1_rep4
day7/nir_grape_day7_varl_obj11_rep5
day7/nir_grape_day7_varl_obj12_repl
day7/nir_grape_day7_varl_obj12_rep2
day7/nir_grape_day7_varl_obj12_rep3
day7/nir_grape_day7_varl_obj12_rep4
day7/nir_grape_day7_varl_obj12_rep5
day7/nir_grape_day7_varl_obj13_repl
day7/nir_grape_day7_varl_obj13_rep2 : ; : : : : : : :
day7/n?r_grape_day?_varl_obji13_rep3 e Training set (R*2=0.927658) |
day7/nir_grape_day7_varl_obj13_rep4 i : :
day7/nir_grape_day7_varl_obj13_rep5S
day7/nir_grape_day7_varl_obj14_repl
day7/nir_grape_day7_varl_obj14_rep2
day7/nir_grape_day7_varl_obj14_rep3
day7/nir_grape_day7_varl_obj14_rep4

Test set not available

band:1 wavelength:200[nm]

User-friendly spectral image interpretation in food quality




perClass Mira Stage applicability in project work-flow

Quick scan
“Can it work?”

{ Feasibility study }

“Is it good enough?”

Demonstrator
“Will it work?”

N Integration
“It works.”
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Operator mode

Classfication

ol i [nfj

Images

Fle Veew Regression

Camena

L &

‘
Preview

Camera Operator Cube

Classes X

Unknown
back
grape

vial

raflartinn

Images X

Live acquisition

day8/nr_grape_day8_varl_obj17_rep3
day8/nk_grape_day8_varl_obj17_rep4
day8/nir_grape_day8_varl_obj17_rep5
day8/nk_grape_day8_varl_obj18_repl
day8/nir_grape_day8_varl_obj18_rep2
day8/nir_grape_day8_varl_obj18_rep3
day8/nir_grape_day8_varl_obj18_rep4
day8/nir_grape_day8_varl_obj18_rep5
day8/nir_grape_day8_varl_obj19_repl
day8/nir_grape_day8_varl_obj19_rep2
day8/nr_grape_day8_varl_obj19_rep3
day8/nir_grape_day8_varl_obj19_rep4
day8/nir_grape_day8_varl_obj19_rep5
day8/nk_grape_day8_varl_obj20_repl
day8/nir_grape_day8_varl_obj20_rep2
day8/nir_grape_day8_varl_obj20_rep3
dayB8/nir_grape_day8 varl_obj20_rep4
day8/nir_grape_day8_varl_obj20_rep5

day8/nir_grape_day8_varl_obj22_repl
day8/nir_grape_day8_varl_obj22_rep2
day8/nir_grape_day8_varl_obj22_rep3
day8/nir_grape_day8_varl_obj22_rep4
day8/nk_grape_day8_varl_obj22_rep5

Training point P331: true: 14 estimated: 14.747

Window

No fabels

Help

Labels

<

Decisions

Errors

-

Regression

User-friendly spectral image interpretation in food quality

Regions

Objects

X e o

Show unknown

£

Model search  Retrain Zoomin Zoom out

Regression X

Variables Dataset Model Visualzation

Preprocessing 1st der., 19 pixel

Model search  Retran model  Apply model to data  Apply model to ths mage

Regression plot Statstics Outliers Errors

Trainng set (R~2=0.932241)
Test set (Q”~2=0.993595)




Operator mode

HE B gy -

Operator | Corrected Decisions [eliflacll Regression

* Simplified interface v

Pause

Session  Calibration

* User permissions and login
* Developer / operator

 Database logging of actions and
results
e Sqlite (local)
 MySQL / MariaDB (remote)
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Supported cameras in perClass Mira

* Headwall MV.C (component) MV.X (processing) * Specim FX10, FX17, SWIR, FX50
lines + Hyperspec legacy systems

. * Imec Mosaic (VNIR, SWIR)
e Cubert Ultris

o

* Inno-spec RedEye

e Unispectral

Monarch Il -

@ User-friendly spectral image interpretation in food quality 51
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Supported cameras in perClass Mira Stage

* Headwall MV.C (component) MV.X (processing) * Specim FX10, FX17, SWIR, FX50
lines + Hyperspec legacy systems

. * Imec Mosaic (VNIR, SWIR)
* Cubert Ultris

o

* Inno-spec RedEye

* Resonon

e Unispectral
Monarch

e HAIP Blackindustry
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Summary

e Spectral imaging enables non-destructive classification and quantification of samples

* Itis now possible to do full end-to-end work-flow with a spectral camera in the loop
* Without
* Machine-learning / chemometric expertise
* Programming
* Low-level integration

* You can get started with a lab stage, camera and software in minutes
* Solutions can be operated by non-expertsin daily quality process




Contact

perClass BV
Molengraaffsingel 12
2629JD Delft

The Netherlands
http://perclass.com

email: pavel.paclik@perclass.com

phone: +31(0)648060368

Iﬁ User-friendly spectral image interpretation in food quality

Thank you!
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NXT
NXTGEN HIGHTECH GEN

HIGHTECH

NXTGEN HIGHTECH: Domain Agrifood, Innovation package Handsfree Food Processing
Four use cases — consortia:

1. “Dark Fruit Factory”
Greefa, Fruitmasters & Fruit Tech Campus
2. “Readyto go (m)eat”
Marel & One Planet Research
3. “Ready made meals”
Van Wees Waalwijk & Wageningen Research
4. “Local Tea Production”
Local Tea Global Impact, Van Wees Waalwijk & Wageningen Research

NEXT

TECH

FOOD
FACTORIES
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NEXT
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Next Tech Food Factories
*y FACTORIES

Want to know more?
Projecten

NXT Or contact Lisanne van Oosterhoud via

GEN
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Betrokken partijen

Next Tech Food Factories OWERED
e S i, I =

Is een initiatief van a8

; e & esenac @ (bk ¥ group
-
ERY &«
S b
Van Wees yg Waalwijk it Mﬁﬁ;‘.ﬁ}\‘
Met support van ampus v

Provincie Noord=-Brabant T : = e
i (Oneplanet | ZEEermus (@) GREEFA
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Jaarevent NXTGEN domein

Agrifood
Hi |d
Datum: 6 oktober 12.00-18.00 Programma ©F aanmegen
Locatie: BIC 12.00-12.45 | Inloop buffet
13.00-13.35 | Start programma
Doelgroep: partners, 13.35-14.20 | Inspirerende keynote aan het woord:
stakeholders, breed ecosysteem Peter Zinn (TBC) over cybersecurity in Agrifood

14.40-16.20 | Breakout sessie thema’s

Toekomstbestendige arbeidsmarkt / Human capital
Internationalisering

Data interoperabiliteit en Connectiviteit
Cybersecurity

Smart Industry

Rondleiding in de BIC
Duurzame/circulaire technologie

16.20-16.35 | Wrap-up Eéﬁ

16.35-18.00 | Borrel HIGHTECH
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