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The World of Automation
ÅMature automation costs much less than the product ςso 

the cost of the product is mainly the raw materials
ÅIn packing fruit, the automation/labour cost is significant
ÅISO 9001, the standard for mature automation, permits 1 

baddie in a million
ÅCurrent packing practice permits 250,000 baddies in a 

million (Knee et al - 2004), primarily from bruising
Å¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ǇŀŎƪƛƴƎ ƛǎ ǎƻ ŜȄǇŜƴǎƛǾŜ ŀƴŘ ƛǘΩǎ ŀ ǊŜŀǎƻƴŀōƭŜ 

trade-off and everyone is doing it so we can get away with 
it.

ÅThe bar is going to be raised and the industry will have to 
move on to higher performance. Mature automation will 
arrive sooner or later.



Computer vision and your basic apple



In the trenches of Inspection



Life and times of computer vision



ÅThere is a grid of pixels 960 wide by 720 high

ÅFor black and white, each pixel has a 
brightness, called its Grey Level from 0 to 255

ïie 691,200 numbers

ÅFor a colour image, each pixel has three 
numbers

ïRed    0 - 255

ïGreen 0 ς255

ïBlue    0 ς255

ïie 2,73,600 numbers



Current Inspection

ÅOperates with infrared images because they 
come out black and white

ÅCurrent inspection merely says,
ïLŦ ƎǊŜȅ ƭŜǾŜƭ ғ млл ǘƘŜƴ ƛǘΩǎ ŀ ōƭƻǘŎƘ

ïLŦ ǘƘŜ ōƭƻǘŎƘ ƛǎ ōƛƎ ŜƴƻǳƎƘΣ ƛǘΩǎ ƴŀǳƎƘǘȅ

ïCannot inspect within the naughty areas
ÅNo mold at calyx or stem

ÅNo stem damage

ï/ŀƴƴƻǘ ƛƴǎǇŜŎǘ ŦƻǊŜƴǎƛŎŀƭƭȅ ƛΦŜΦ άIŜǊŜΩǎ ŀ ǘƛƴȅ ƭƛǘǘƭŜ 
ǇǳƴŎǘǳǊŜ ōǳǘ ǿŜ ƪƴƻǿ ƛǘΩǎ ƎƻƛƴƎ ǘƻ Ǝƻ ōŀŘ ƭŀǘŜǊέ



Current Inspection

ÅLƴŦǊŀ ǊŜŘ ŘƻŜǎƴΩǘ ǎŜŜ ƛƴǘƻ ǘƘŜ ŀǇǇƭŜΣ ǘƘŜ 
photons reflect off the skin and tell us nothing 
about the flesh.

ÅInfra red can see a surface bruise just as 
monochrome and polychrome light can.

ÅThere is information about defects that IR 
ŎŀƴΩǘ ǎŜŜ ōǳǘ ŎƻƭƻǳǊ Ǿƛǎƛƻƴ ŎŀƴΦ



Colour Grading

ÅTechnically, this is easy

ÅThe application of the technology is not 
pleasing at the moment

ÅIt will improve



Bottom Line on Inspection

ÅPeople find it too hard to do anything other than 
IR inspection and agricultural colour 
classification.
ÅIR can only ever do a very poor job
ÅWe require an analysis that uses all the colour 

information to;
ïIdentify the calyx and stalk and the structures in them
ïBe capable of forensic analysis ςwith capability 

equivalent to a human.

ÅThis has been achieved in the laboratory on 
kiwifruit ςit is in the pipeline.



NIR Spectrometry

ÅBlast a lot of NIR photons at the fruit
ÅSome will go into the fruit and then bounce back or go 

through
ÅLook at the energies of these photons with a 

spectrometer, avoiding the majority which just 
bounced off.
ÅThis gives an energy for each of 20 wavelengths
ÅThis gives information on bruising, brix and other 

things
ÅhƴŜ Ŏŀƴ ƎŜǘ ǎƻƳŜ ƛƴŦƻǊƳŀǘƛƻƴ ōǳǘ ƛǘΩǎ ƴƻǘ ŀ ǎƛƭǾŜǊ 

bullet



Labelling

ïFruit could be at any orientation

ïApplicators tend to wipe the label over the fruit

ïFruit may have a monolayer of water

ïMostly labellers put 1 label in 10 somewhere else

ïAnd some on the calyx and stem



Robotic Fruit 
Handling

A SCARA robot, 
USD16k or NZD40k

Very, very fast, 4 
axes



Picking and Placing

ÅYou pick it up with a vacuum cup but;
ïLŦ ȅƻǳ ŘƻƴΩǘ ǎǳŎƪ ƎŜƴǘƭȅΣ ȅƻǳ ǿƛƭƭ ƳŜŜǘ ŀ ǎƻŦǘ ƻƴŜ ŀƴŘ ŘƛƎŜǎǘ ƛǘΦ
ïLŦ ȅƻǳ Řƻ ǎǳŎƪ ƎŜƴǘƭȅΣ ȅƻǳ ŎŀƴΩǘ ǘƘǊŀǎƘ ƛǘ ŀǊƻǳƴŘ
ïIt takes time to establish the soft suction and check that you 

have it (250 mS)

ÅThe robot can do a standard cycle in under 300mS but the 
ŦǊǳƛǘ ŎŀƴΩǘΦ

Å²ƘŜƴ ȅƻǳ Ǉǳǘ ƛǘ ŘƻǿƴΣ ƛǘ ǿƻƴΩǘ ƭƛŜ ŜȄŀŎǘƭȅ ƛƴ ǘƘŜ ǘǊŀȅΦ
ÅYou have to bring it gently to rest, break the vacuum and lift 

off.
ÅPutting it down takes 500 mS
ÅBottom line is it takes 1 ½ seconds per fruit and there is the 

wait time on top of that and the time to handle trays.



And, furthermore  . . . .

Å¸ƻǳ ŎŀƴΩǘ Ǌǳƴ ƛǘ ōƭƛƴŘ ƻǊ ŜǾƛƭ ǿƛƭƭ ŎŜǊǘŀƛƴƭȅ ōŜŦŀƭƭ
Å¸ƻǳ ŎŀƴΩǘ Ǌǳƴ ƛǘ Ŧŀǎǘ ōŜŎŀǳǎŜ ȅƻǳ ǿƛƭƭ ƘǳǊǘ ǘƘŜ ŦǊǳƛǘ ŀƴŘ 

make it bounce
ÅSo you get a lousy payback on the robot
ÅYou have to singulatethe bulk apples
ÅYou have to place the apples sunny side up
ÅYou have to place the apples with the core horizontal
ÅYou have to manage the trays which are warped and loaded 

crookedly
ÅSo you absolutely have to be a master of artificial vision and 
ȅƻǳ ŘƻƴΩǘ ǊŜŀƭƭȅ ǿŀƴǘ ǘƻ ōǳȅ ŀ ŎƻƳƳŜǊŎƛŀƭ ǊƻōƻǘΦ



So . . .

No-one has 
succeeded

or almost no-one.



Damage to fruit

V2 = U2 + 2aS
Where;
V = final speed
U = Initial speed
S = distance of acceleration
a = acceleration
For U = 0, S = 0.050m, a = 9.82,

V = 1 m/s



A small quiz

If you drop a 100g kiwifruit from 50mm, the force 
when it hits the ground is;

V100g

V1000g

V10,000g

V17,567g



Answer

17,567g and it lasts only 1.5 mS. It 
takes about 300 microns to 
decelerate.

A bullet only takes 3 mS to go through you

(this is good, when you consider the alternative).



ÅSingulation

ïWhen the chain is moving at 600 rods per minute, 
this means a linear speed of about one metre per 
second. Engaging the fruit cleanly in a pocket is 
equivalent to dropping the fruit from a height of 
50mm. This generates an acceleration at impact of 
ŀōƻǳǘ мрл ƎΩǎΦ LŦ ǘƘŜ ŦǊǳƛǘ ŎŀǘŎƘŜǎ ǘƘŜ ŜŘƎŜ ƻŦ ŀ 
ǇƻŎƪŜǘΣ ƛǘ ǎŀȅǎ άhǳŎƘέ

ïMost fruit are already moving as they engage the 
ŎƘŀƛƴΣ ōǳǘ Ƴŀƴȅ ŀǊŜƴΩǘ όƳƻǊŜ ǘƘŀƴ м ƛƴ ŀ ƳƛƭƭƛƻƴύΦ



ÅDropping the fruit at the Drop
ïPadding works well and the fruit can drop 200mm and 
ǘƘŜƴ ŘŜŎŜƭŜǊŀǘŜ ƻǾŜǊ оƳƳ όŀҐ ст ƎΩǎ ƛŜ сΣтлл Ǝ ŦƻǊ ŀ 
100g fruit ςōǳǘ ƛǘΩǎ ǎǇǊŜŀŘ ƻǾŜǊ ŀ ǊŜŀǎƻƴŀōƭŜ ŀǊŜŀύ

ïAt high rod numbers, the last fruit is generally not out 
of the way and you have one fruit falling onto another. 
The fruit might follow each other 100 milliseconds 
apart. But the first fruit will have not have moved out 
of the way, though it will have decelerated = Mega-
ouch, a twofer.

ÅRule of thumb - in the American argot
ïAs you make the conveyor go lippetylop in order to 

get more whoopass, you get alotta twofers. 



Packing out

ïLotta unskilled, rough and indifferent labour, 
particularly on 3rd shift and we pity them.

ï¢ƘŜǊŜ ŀǊŜƴΩǘ ŀƴȅ ŎƻƳƳŜǊŎƛŀƭ ǎȅǎǘŜƳǎ ǿƘƛŎƘ Řƻ 
this

ïWhat? None?

ï Well, hardly any.



Two new things

1. A novel fruit handling 
scheme ςto fix the whole problem

2. An automated packing cell ς
as a bandaid



And now for a new look for the 
packhouse . . .  



A Novel Concept

ÅDƻ ǎƭƻǿΣ ǎǘǳǇƛŘΦ 5ƻƴΩǘ Řƻ ǘŜƴ ŦǊǳƛǘ ǇŜǊ ǎŜŎƻƴŘΣ Řƻ ƻƴŜ ŦǊǳƛǘ 
per second.

ÅAll fruit operations are then slow and much easier and 
much more gentle.

ÅTake the time to do a better job of inspection/grading.
ÅOrient the fruit before you apply the label.
ÅRetain the fruit in its puck until it is lifted by robot into a 

tray. (fear the drop)
ÅHave the time to handle each fruit ςNIR, orienting before 

labelling, soft spot measurement or whatever.
ÅDesign for the same number of fruit packed per hour per 

square metre as existing systems



Fruit in one of four grooves



Fruit moving to pack



Soft spot measurement



Robotic packing and tray management


