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Kiwifruit Cool Chain, Simplified

Pre-Cooling
Static Storage
—
— I
—_—
—

Off-shore Storage

S Post-Transit

\

Fruit Quality Assessment

alvaro@pri.co.nz



Product characteristics
(e.g. size, variety, packaging,
harvest date, supplier,
maturity area)

Fruit temperatures
in cool chain

Supply chain characteristics
(e.g. week shipped, shipping

port, carrier, cool store)

In-market quality
(e.g. firmness, storage
breakdown disorder)

3 Seasons (2018-2020)
~40,000 pallets/year
tracked with
temperature loggers
Fruit quality assessment
on ~% of pallets tracked
~40 variables
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Product characteristics
(e.g. size, variety, packaging,
harvest date, supplier,
maturity area)

e 3 Seasons (2018-2020)
e ~40,000 pallets/year
In-market quality tracked with

(e.g. firmness, storage temperature loggers
breakdown disorder) e Fruit quality assessment

on ~% of pallets tracked
e ~40 variables

Fruit temperatures
in cool chain

Supply chain characteristics
(e.g. week shipped, shipping

port, carrier, cool store)

Can we predict fruit quality using
cool chain properties?
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Data Visualisation I Predicting Fruit Quality ]

UMAP I Bayesian Networks [ Feature Selection I Temperature Encodings I Feature Permutation ]

Revealing Data Structure with
Dimensionality Reduction: UMAP

From over ~40 dimensions fo 3

Cool chain properties of kiwifruit
pallets exhibits structure
e Full dataset exhibit structure
with some clear groups
e Similarity

alvaro@pri.co.nz



Data Visualisation l Predicting Fruit Quality ]

UMAP I Bayesian Networks [ Feature Selection I Temperature Encodings I Feature Permutation ]

Revealing Data Structure with
Dimensionality Reduction: UMAP

From over ~40 dimensions fo 3

Cool chain properties of kiwifruit
pallets exhibits structure
e Full dataset exhibit structure
with some clear groups
e Period in the season key to
understand pallet properties
o FEarly Season

B o Late Season
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Data Visualisation I Predicting Fruit Quality ]
[ UMAP I Bayesian Networks I Feature Selection I Temperature Encodings I Feature Permutation ]
Discovering causal links in dataset:
Bayesian Networks
Model conditional dependence -> Causation P(V) =11P(V;|=(V}))
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Data Visualisation ] Predicting Fruit Quality ]

UMAP I Bayesian Networks [ Feature Selection I Temperature Encodings I Feature Permutation ]

Discovering causal

links in dataset:
Bayesian Networks

e Conditional Probability
Functions encode
causal links

e Market directly
influences:

o Transit,
O
o  Fruit defects

e Different fruit defects
linked to different
stages of the cool
chain
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Predicting Fruit
Quality

Can we predict Offshore fruit
quality assessment using cool
chain properties?

Feature selection
o Remove highly correlated
parameters
Fix Class-imbalance
o Resample minority classes with
SMOTE
Incorporate Temperature histories
o Autoencoder
Tran ML models to predict fruit
defects
o Different bands of fruit defects
Discover important variables

o Perform feature permutation
analysis
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Predicting Fruit
Quality

Can we predict Offshore fruit
quality assessment using cool
chain properties?

Feature selection
o Remove highly correlated
parameters
Fix Class-imbalance
o Resample minority classes with
SMOTE
Incorporate Temperature histories
o Autoencoder
Train ML models to predict fruit
defects
o Different bands of fruit defects
Discover important variables

o Perform feature permutation
analysis

alvaro@pri.co.nz



[ Data Visualisation

—

Predicting Fruit Quality

[ UMAP I Bayesian Networks

J

Feature Selection

I Temperature Encodings I

Feature Permutation

Feature selection

oSkl

~ Static §f§%
Statggightes

orage

Container or ¢

B B OSOCES = ]

E AS FEIRIE0E0E e .S AL oe
T 50 o o A= s
£E"%§m RS SFEE Ua m =y
o B - wig @wnn = 5 7
= A CICE R BT
Egir & OS@E 0 T8
== @ S 2 VTS
e == w5 £ v= 32
2 .- EVE

S0 = = C =3
w8 T = E
& £
£ T ©
g £ £
= © 3
&
]
[s] =]

‘Container or charter?.Container
Market.Europe

Storage Method CA

Variety HW

Period.Late Season

Static storage. Duration (days)
Storage Method CN

Static storage.StdDev temperature
Transit. Average delta SP
Conditioned. True

Static storage. Average delta SP
Market Japan

Variety. HE

Off-shore storage <14 days.Duration (days)

-
5
g
=
5
g
=
5
1=
5
=
5
5
<
i
5
E
=

Market Europe

- ® Z e g
s B § = U ] £
Z 2 5 3 5 = F
T oz 4 2 FE §E £ 3
£ T ¥ - £ & B %
T 5 %8 5 E g g E
= F 3 8§ = &8 @ =
o ] 5 o = 5 =
] =T
s 5 4 5 3§ 5 ¢©
@ E ® @ 3
5 o
2 4 F
“ =
g s F
El 2
@ 2
=}
w1

alvaro@pri.co.nz

Static storage. Average delta SP

Market Japan

Variety. HE

Off-shore storage <14 days.Duration (days)




Data Visualisation Predicting Fruit Quality ]
UMAP I Bayesian Networks I Feature Selection I Temperature Encodings I Feature Permutation ]

—

Temperature histories and model
predictions: Aufoencoders
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Temperature histories and model
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Temperature histories and model
predictions: /mpact on model performance
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Discover import
model performance

Fealure permutation analysis
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Conclusions

Kiwifruit coolchain is a complex process
o  High dimensional parameter space
o Variable dependencies intertwined with each other
Dimensionality reduction and Bayesian Networks reveal structure and links in the coolchain
o Period within the season defines pallet properties
o Market influences transit and post-transit
m  |ISOWeek
m  Growing method
m Conditioning
Encoding Temperature histories can boost model predictions significantly
Feature importance analysis also reveals the role of different stages in coolchain
o  Temperature control
o Duration of different stages
o  Period, fruit variety, conditioning
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Conditional Probability Functions encode causal links
Market directly influences:
Transit,
Post-transit and 
Fruit defects
Different fruit defects linked to different stages of the cool chain
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