A double image acquisition systemwith visible and UV LEDs
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Abstrad

There are many types of citrus fruit grading machine
with machine vision capability While most of them sort
fruit by size, shape and b, deetion of fruit rot
remains challenging b ecause their colorsare simila r with
normal parts. Objectives of this resarch were to
in\estig ate if fluorescence would be a goo d indiator of
the fruit ot, and to develop an emnomical solution to
add the rotingpection capability to an existing machine
vision fruit irspectio n station. A ma dhine vision system
consistig of a pair of white and UV LED lighting
devices and a @ lor CCD camera was proposed for the
o rang e fruit grading task Since the time lag between the
color and fluorescence image aptu res was short (14ms),
it was possible to ingpect @ bor, shape siz, and mtofa
fruit on the move before it leaves an existing industrial
ingpedion chamber.
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1. Introduction

Recently, machine vision technology has been gp lied
for conmmercial grading of aricuktural products. The
grad ing system judges agriailtural poducts @ lor, shae,
bwise, and intern d qu alities aitomatically. Sy stenrs for fruit
defect detection usmg olor TV camad Y @O x ray
imaging device’ , or near infrared © have been
reported. However, so me rotten fuits caused by improper
hadling muld no tbedetected by vision systems and had to
be removed manudly A technology br deeting otten
pioduct aitomatically is inportant © reduce laor of
grad ing and to main tain brand reputation.

Uoami ¢ al. reported that the rotten part o f dtws
fruits includes fluo rescence dements. Further, Kondo et
al.”” dentified flasonoid methyl asoneof majo r fluorescent
element in citrus fruits that has an excitation waveband
centered at 365nm and emission waveband enteel @out
530nm and te fluorescent substance detected in the otten
pat was notnewly created by rotting but was existed

orginally in thehealthy part.

Generally te nost type of illumination is used for
image pocessing in the grading fecility, is hdogen lamp.
Howev & the main characteristics of halogen lamp are short
lifeime, and highheat. These characteristics are difficult to
hadle itself in the vision system. Otherwise LED is
digtributed recently because it has many merits over other
lighting sources. For example, it is bnge lifetime than
hdogen lamp and itonly needs small dectrical power and
ha high response. Because of its high response, both
visble LED and ultra violet LED ae used, by flashing
anoth e timing nomentary each LEDs, same one @amera
could cgpure an image 0 r color, bruise, by visb le LED and
an imag e for 1o tten by ultra vio let LED, 0 it do es not need
to extnd the onveyer lengh in commerad graling
facilities.

The instance obj ectiv e of this research is construction a
system whic uses white LED and ultraviole LED, whic
indud esone CCD camera that captu re bo th images v isible
in brmation by white LED and rotten inf rmation by ulra
violet LED. Theenergy of fluorescence image is les han
the enegy of @ lor image. Firstly to investigate wav d ength
whid has maximu m sensitivity by minimum ultra violet
power, ae reported. Sewndly © onfirm minimum time
b eween visb le capturing and rotten information cgtu ring,
are described .

2.Materialand Methods

21 Preexperiment -Vaerifiation for fluo rescence
reactionby UV LED-

Kondo et d® repo rted that one of the fluorescent
substances was flavonoid methyl and it was excited at
365nm waveleng th. There are some flu orescent sub stances
are contained in each citus fruits. Especially, every dtwus
fruits incudes one which the exdtdion wavelength is
about 365 nm, and isone of te stiong est reaction in those.
As apreliminay evaluaion ofusing afluoresent imaging
system for citu s fuit rot in gpection, two model citrus fru its,
namely Unshuorange and lyok an orange were sdected and

two LED lighting panels were constructed. The® two
oranges were pioducts of Ehime prefecture in Jpan,
January 2007. Example of rottn Unshu orange and i
rotten lyokan orange are shown in Fig. 1 and Fig. 2, § Prrome

Table 2 Opticd Characteristics (UV LED: NSHU550B)
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Fig.1 Rotten Unshu oranges

e i Hovetiie Teenes
Fig.4 Relative emission ntensitieso f white LED (I eft)
and 365n m UV LED (righ t).
Floresent images of the orang es are shown in Fig.5
(Unshu orange) and Fg6 (okan orange). In each image,

Fig.2 Rotten lyokan oranges a fluorescent sub stance on the surface of the o ten p at of
fruit was excited with 365nm light and caught as whitish
pixels Puple mlor pixels were halation of LED light
reflection because of no PL filter on UV lighting devices.
From these images, it was observed tat the fluorescent
pats had 3-5 times higher grey level than normal parts
when they wee compared on green @ mponent image and
tha the fluoresent image facilitated rotten part detection.
Therefore, it wes verified hat the method of exciting the
floresent substance and capturing the fluorescent image
was practicable.
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The mnstructed lighting p anels were shown in Fig.3.
Eah lighting p anel was onsisted of 120 LEDs. One was
usd ultra violet (UV) LED (NSHUS550B, Nichia
Corporation), which had 365nm of peak waveleng th, and
the oter was white LED (NSPW3L0BS, Nichia
Corporation). The optial characteristics were shown in
Tablesl and 2, and the relative emission intensities of the
both LEDs wereindicted in Fig. 4.

Fig.3 Two lighting devices for th eorange fru it image
acquisition. Awhite LED lighting panel (I &ft: Fig. 3a) and
anu kra violet (UV) LED lighting panel (right Fig 3b)

Fig.5 Fluorescentimag es of two 1o tten Unshu o ranges.

Téb le 1 Optical Ch aacteristics (White LED: NSP W310BS)
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Fig.6 Fluorescent images of two rotten Iyokan oranges.

2 2 Imageacquiition system design



Following successful demonstration of detecting fruit
rot usng the UV LED lighting panel based fluorescent
imaging system, efbrt was ontinued © design of a double
image eaquisition system © acquire both ®lr and
fluorescent images Dr the citus fruit ingection. Design
layout of the lighting chamber that conskts of the white
LED and ultraviole LED lighting panels (shown inFig. 3)
is depicted in Hg. 7. If his proposed double LED-one TV
camera system is installed on actual sorting system, it can
keep ingection Iine lengh and doe notneed additional
camera butaddsonly UV LEDs. Many inspection lines ae
already mnstudel in fruit grading fad lities and it is not
easy b make the line lengh lnger. This double imaging
system can @ntribute the nstruction st reduction
keeping the ingection line length when the fluorescent
imaging systemisdesirable o be added .

White Lﬁ

(a) Top view (b) Sidev iew

Fig.7 Layoutof thelighting chanb e with both white
light and ultra violet light sources.

The sizes of the lighting devices (Fig. 3) were 59 nm
x 59 mm for white pael ard 89 mm x 89 mm for UV
pael, because LED diameters were 34 and 54 mm
respectively. Since the UV LED’s emission intensity isnot
high enough, the three UV lighting devices were usel.
Three white LED panels were plaed 120° gart. In
b eween evey two white LED panels, anultravio let LED
p el was installed. Thesixlightp anels form a h exagonal
lighting arrangement as shown in Fig.7. The distance
b eween center of a fruit object and th eultravio let LED was
about 130mm, while the distan @ between center of a fruit
object and the white LED was about 200mm beau e of
much higher reflectance energy cmpared © fluorescent
energy.

It is well known ta halationhgpenson fu it kin due
to cuticular layer of the skin surface even when images ae
acquired by use of any lamps. To remove halation,
polarized light @PL) filters were installed in front of the
camera lens and the white LED lighting panels. h this
experiment, 67 mm diameter PL filtes wee used to te
white LED lighting devices and to camera lens when the
white LED was used. A CCD camera (60 frames /second;
VGA) fitted with aC mountlens wa used for heimage
acquisition with a focal length of 6mm, and an F-sbpof14.
The distance between center o fa subject fruit and the lens
was 220mm that provides a field of view 0of 22.5 cmx 21
cm.

The both LEDs were driven by a P IC miaocomputer
During the image aquisition, the white lights were pulsed

first, Dllowed by pulsing the UV lights. Each puke had a
time duration of 2 msec. Data col leded by the camera was
sent © a frame bu ffer via DMA(Dired Memory Access)
access using PClbushoused inapersond o mpute (CPU:
x86 Family6 Modd8 Stepping3, OS: Microsoft W indows
2000 SP4) Fig. 8 sho wstheinag e aquisition gp aratus.

2 3 Ruoresent respo nseof dtrus fruits

To examine leved of fluorescence can be observed on
v aious dtus fruits more citrus varieties were investigated.
Fig.9 shows sampleimay es of 14 varieties of citus fruit

C CD camera

WhiteL ED

UVLED

O ect position

Fig.8 Apperan e o fexp eriment equip men t

evaluaed in this experiment captured using te color

camera und & the white LED lighting : Mishokan, Aman tatsu,

Pummelo, Mandarin, Sampoka, Hassa&u, Dekopon,
Kiyomi, Grapefruit Minneola, Navel lyokan, Lemon and
Kimq uat

Due b limited availa ility of roten fruits, skin injury
typically associated with fruit rot was created by tinly
planing with arazor The treatmen t releases p eel o il stored
in certain glands undemeath no & citrus fruitpeel.

2 4 Camera parameters for e ch light condition

As fluoresence intensity of fruit ot is much lower
compael to thatof o lor signals of whole fruits, amera
operation parameters (e.g. shutter speed, gain, gamma
correction etc.) were adjusted accordingly to obtain good
quality images. Camera gain wa increased from0 12 db,
shuter speed was changed from 1/20000 s © 1/60 s, and y
correction was fom1 © 0.45, when white lighting devices
were dhanged to UV lighting devices A 6mm or 16mm
foal lengt lens with 1.4 F number was attached to te
camera according to te fuuit size. Image aauisition was
conducted using a function o f random trigger by outputting
trigger signal thiough camera link.  The trigger sign al was
also sent b adriver for lighting the LEDs just before imag e
acquisiton. Output RGB signals were input b a @apture
board (MTPCI-TL2, Micro-Technica Co., Ld.) and image
dda wee transferred © memory of PC. Table 3 lists

camera parameters used ©r inaging under the UV LED
lighting and white LED lighting. The camera parameters
were dynamically ajusted on te flght tirough a high
speed (9600/19200 bitsp e second) camera link b aquire
color and fluo rescent fruitimages in sequ ence.

3. Resultsand Discussion

The fluo rescence images o f 14 dtrus fruits excited by
365nm were captured with the colorcamerain te visible
region. The cgptured color images were split into Red,
Green and Bluep lames. Thegreen plane imagehad the
larg edifferen & in g ray level between ro ten part and the

Fig.9 Fourteen citrus varieties were examined for teir fluo rescent signal strength under the d esigned fluorescent imaging

system.

Table 3 Cguring p aameters for each lighting cndition
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o ther hed thy part, then to recognize the otten parto f citrus

fruits, the green plane images were enhanced as shown in
Fig.10. The fluorescence part excited by 365 nm loks
whitein Figure 10. A whitepat of a central p at of fruits
was onfirmed clearly from Mishokan at the left of
upp emost mlumn © Kiyomi fiom on b therightsideof the
2nd olumn, and it hasb een undersibod © be ale todeect
the maeid that existsin side t e surface where the sk in was
planed by leather The part where the sk in was planed was
not clearly seen as white flo m Grap efruit at te left o f the
thid wlimn. Fig. 11 shows te result of emphasizing the

grey -level difference of a fluorescence part and a healhy
pat in gren plane by manual opedion using
image-processing software. h Mshokan that had te
g reatest gray -level difference was 65, while Kunguat was
only 4 ha was the minimum value. Thus some can be
thought as a reason that the grey-level difference between
the otten and healthy parts differs by variety. First te
way © plane the kin by the leathe was not the same.
Although the important thing & to make a fluorescent
material that exists in the skin mme to the surface by thinly
peling the skin, a possibility @n be considered that a
fluorescent substance did not come out on th e surface sin ce
the thickness o f the peel changes with varieties even if it
ddetes similarly. Since te rotten part was clearly
d etectable in ok an as shown in Fig. 6, i is approp riate to
the portion not boking white in lyokan in Fig.10 to think
tha it i because a fluo rescent substan e is not looming in
th e surface.

Those ch araderistics of the fluorescence imaging br each
rotten fruit indiate that it is goplicable to deted rotten part
d eection after processed by imaging technology. For
example if th edetected area is on eor mo re, the fruit should



bejudged asa rotten fru it.

Time lag b ewen the two imag e acqu isiion events was
minimized © reduce fruitposition shift as fruits ae mo ving
continuously on industrid fruit in gpection lines. It is also
imp ortant © keep a moving fu it in te field o fview of the
ingection @amera during the two, fluorescent and cobr,
image aquisition events with the same camera. Fig. 12
shows a timing chart of the image aquisition onto | Time

required to cange te camera operation parameter is
labeled d tat isbetween two image capture Ashort time
lag between te color and the fluorescent image acquisition

was achieved. Th esho rtest timeb e ween triggering the
white LED and UV LED () wa 14 mec. The short ineg e

Fig. 10 Fluo rescence images
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Fig 11 Differen ce ofg rey Ia/el ingreen plan ebetween
ro tten and healthy p arts.

acquisiton lag time between the wlor and fluorescent
image acquisiton make it gplicable or existing industrial
grad ing lines. An indu strial mnveyer line typically moves at
a speed of 60 meters per minutes, thus a fruit travels 14mm

in between te two image acquisition events described
above. As an indu strial fruitingpection camera has a typial
fidd ofview of 22.5 cmx 21 cm, tere is no pioblem to
capture a color image than a fuorescent image usng te
same camera. The time lag duration depends mostly on
computer hadware specification, especially usage rate of
PCl busand itsbandwidth.

2

<DTlewe Tor cranging of gain 2 Thna botweon Whita and LA LEDF redation
Fig12 Timing chatof the image acquisition sequ ence

4 .Corclusions

Pesl damage of a wide variety of citrus fruits can be
deected using fluorescent imaging. The sensing capability
could bevaluable for detedt ing fruit rot, fruit split,and other
fruit quality defects related to peel damage. An imege
acquisition system was design ed and evaluated for acqu iring
fluorescent and wlor images for on-lne citrus fruit
in gpection. New fruit rot inspection feature was ald ed to
comp lemen t already proven size, color, shape inspections
capability. Fast image aauisition sequence allows
imp lemen tation of the new fruit rot inspection feature
without major changes of existing indu strial fru it in spection
chambers.
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