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Abstra ct 
 
There are many types of citrus fruit grading machine 
with machine vision capabi lity. While most of th em sort 
frui t by size, shape and colo r, d etecti on of frui t rot 
remains challenging b ecause their colors are simila r with 
n ormal parts.  Objecti ves of this research were to 
in vestig ate if fluorescence would be a goo d indicator of 
th e fruit rot, and to develop a n econo mica l solu tion to 
a dd the ro t insp ectio n capab ility to an exi sting machine 
vision  fru it insp ectio n station . A ma chine vision  system 
con si sting o f a pai r of white and UV LED lighting 
d evices a nd a co lor CCD camera wa s p roposed for the 
o rang e fruit gradi ng task. Since the time lag between the 
color and fluorescence i mage captu res was short (14ms), 
it  was possib le to in spect co lor,  shap e, size, and rot o f a 
frui t on th e move before it leaves an existing indu strial 
in sp ection chamber.   
 

Keywords: Fluorescen ce, Fruit grading, Fru it quality,  

Mach ine v ision  

 

1 . Introduction 

Recently, machine v ision technology has been app lied 
fo r co mmercial grading o f ag ricultural products. The 
g rad ing system judges agricultural product’s co lor, shape, 
b ruise, and intern al  qu alities automatically.  Sy stems for fruit 
d efect detect ion  u sing color TV camera( 1)~(4)(6)~( 8), X ray 
imagi ng device(10) ~(12),  or near infrared (9)  have been 
repo rted.  However, so me rotten  fruits caused by improper 
h andl ing could no t be detected by vision systems and had to 
b e removed manu all y.  A techno logy fo r d et ecting rot ten 
p roduct automatically is importan t to reduce labo r of 
g rad ing and to main tain brand reputation.   

Uo zu mi et  al. (13) reported that the rotten  part o f cit rus 
fruits includes fluo rescence el ements.  Further, Kondo  et 
al. (5) id en tified flavonoid  met hyl as one of majo r fluorescent 
element in citrus fruits that has an  excitation  waveband 
centered at 365nm and emission  waveband cen tered  about 
530nm and the fluorescent substance detected in  the rot ten 
p art  was no t n ewly created by rotting  but was ex isted 

o riginally in  the healthy part.  
Generally  th e most type o f illumination is used for 

image pro cessing in the grading facili ty, is h alog en lamp. 
Howev er the main characteristics of halogen lamp are short 
li fet ime, and high h eat. These characteristics are difficult to 
h andl e it self  in the vision  system. Otherwise LED i s 
d istributed recently because it has many merits over other 
li ghting sources. For example, it i s long er lifetime th an 
h alog en lamp and  it only  needs small el ectri cal po wer and 
h as high response.  Because o f it s high response, both 
v isibl e LED and ult ra violet LED are used,  by flashing 
anoth er timing momentary  each LEDs, same one camera 
could  captu re an  image fo r color, bruise, by visib le LED and 
an i mag e for ro tten by ultra vio let LED, so it do es not need 
to extend th e conv ey er length in commerci al grading 
facilit ies. 

The instance obj ectiv e of this research is construction a 
system whi ch uses whi te LED and  ultra viol et LED, wh ich 
in clud es one CCD camera that captu re bo th images v isible 
in formation by wh ite LED and rotten info rmation  by  ultra 
v iolet LED. Th e energy of fluorescence image is less th an 
th e en ergy of co lor image. Firstly to investigate wav el ength 
whi ch has maximu m sensitivity by min imum ultra violet 
power, are reported. Secondly to con firm mi nimum time 
b etween visib le capturing  and rotten information captu ring, 
are described . 

 
2 . Materia l and Methods 

2 .1 Pre-exp eriment –Verifica tion for fluo rescence 
reactio n by UV LED – 

 
Kondo et al .(5) repo rted that one of the fluorescent 

substances was flavonoid methyl  and  it was excit ed at 
365nm waveleng th. There are so me flu orescen t sub st ances 
are contained  in each citrus fruits. Especially, every cit rus 
fruits includes  one wh ich the ex cit at ion wavelength is 
about 365 n m, and is one of the strong est reaction in those. 
As a prelimin ary evalu at ion  of using a fluorescent imaging 
system fo r citru s fruit rot in spection, two model citrus fru its, 
n amely  Unshu orange and Iyok an orange were selected and 

two  LED lighting p an els were constructed.  These two 
o ranges were p roducts o f Ehime prefecture in Jap an, 
Janu ary 2007.  Examp les of rotten Unshu o range and 
ro tten Iyokan orange are sho wn in F ig. 1 and Fig. 2, 
respectively.  

 
 
 
 
 
 
 
 

 

F ig.1  Rotten Unshu oranges 
 

 
 
 

 

 

Fig. 2  Ro tten Iyokan  oranges 

 
The constructed lighting p anels were shown in Fig.3.  

Each ligh ting p anel was consisted of 120 LEDs.  One was 
u sed  ult ra vio let (UV) LED (NSHU550 B, Nichia 
Corpo ration), which had 365nm of peak waveleng th, and 
th e other was white LED (NSP W310BS, Nichia 
Corpo ration).  The opti cal characteristics were shown in 
Tables1 and  2, and the relative emissi on intensities of the 
both LEDs were i ndi cated in Fig. 4. 

 
 
 
 
 
 
 
 
 

F ig. 3  Two lighting devices fo r th e orange fru it image 
acquisit ion. A white LED lighting panel (l eft: Fig. 3a) and 

an u ltra violet (UV) LED l ighting panel (righ t: Fig .3b) 

 
Tab le 1 Optical Ch aracteristics (White LED: NSP W310BS) 

 
 
 
 
 
 

Table 2 Op tical  Characteristics (UV LED: NSHU550B) 

 
 
 
 
 

 
 
 

 
 
 
 

Fig. 4  Relative emissi on int ensities o f whi te LED (l eft) 
and 365n m UV LED (righ t). 

 
F luorescen t images of the orang es are shown in Fig.5 

(Un shu  orange) and  Fig.6  (Iyok an  orange).  In each image, 
a fluorescen t sub st ance on the surface of the ro tten p art  of 
fruit was excited  with 365nm light and caught as whitish 
p ixels.  Purp le color pixels were halation of LED light 
reflection because of no PL filter on UV lighting devices.  
F rom these images, it was observed th at the fluorescent 
p art s had 3 -5 times higher g rey level th an no rmal parts 
when they were compared on green co mponent image and 
th at the f luorescen t i mag e facilitated rotten part detection.  
Therefore, it was verif ied that the method of excit ing the 
fl orescent  substance and capturing th e fluorescen t i mag e 
was practicable. 

 

 
 
 
 
 

Fig. 5  Fluorescent imag es of two  ro tten Unshu o ranges. 
 

 
 
 
 

 
Fig. 6  Fluorescent images of two rotten Iyokan  oranges. 

 

2 .2 Image a cquisit ion system design  
 



F ollowing successfu l demonstration  o f detecting  fruit 
ro t u sing the UV LED light ing panel based  fluorescent 
imagi ng system, effort was con tinued to design  of a double 
image acquisition system to acquire both colo r and 
fl uorescent images for the citru s fruit insp ection . Design 
layou t of the lighting chamber that con sists of the white 
LED and ultra v iol et LED ligh ting p anels (sho wn in F ig. 3) 
is d epicted in Fig. 7. If this proposed double LED-one TV 
camera system is i nstalled on actual sorting system, it can 
k eep inspection lin e length  and do es not need additional 
camera bu t add s on ly UV LEDs. Many inspection lines are 
already  constru ct ed in fruit grad ing faci lities and it is not 
easy to make the lin e length longer. This double imaging 
system can  contribu te the construction cost reduction 
k eeping the in spection line length wh en the fluorescent 
imagi ng system is d esirable to  be added . 

 
 
 
 
 
 
 
 
 

Fig . 7  Layout of the l ighting ch amb er with both  whit e 
light  and  ultra violet light sources. 

 
The sizes of the lighting  devices (Fig. 3) were 59  mm 

×59 mm fo r wh ite panel and  89 mm ×89 mm fo r UV 
p anel, because LED diameters were 3.4 and 5.4  mm 
respectively.  S ince the UV LED’s emi ssion intensity is not 
h igh enough, the th ree UV lighting d ev ices were used.  
Three white LED panels were placed  120° apart.  In 
b etween ev ery two white LED p an els, an ul tra vio let LED 
p anel was installed.  Th e six l igh t p anels form a h exagonal 
li ghting arrang emen t as sho wn in F ig.7.  Th e distan ce 
b etween cent er of a fruit object and  th e ultra vio let LED was 
about  130mm, while the distan ce between center of a fruit 
object and th e wh ite LED was about 200mm becau se of 
much  higher reflect ance energy  compared to  fluorescent 
energy.   

It  i s well known th at  halation h app en s on fru it skin due 
to cuticular layer of the skin surface even wh en images are 
acqui red by u se of any lamps.  To remov e halation, 
polarized light (PL) fi lters were in stall ed in fron t of the 
camera lens and the white LED lighting  p anels.  In  this 
experiment, 67 mm diamete r PL filters were used to the 
whi te LED l igh ting devices and to camera lens wh en the 
whi te LED was used.  A CCD camera (60 frames /second; 
VGA) fitted with a C moun t lens was u sed for th e i mag e 
acqui sition with a focal length  of 6mm, and an F-stop of 1.4. 
The distance between center o f a subject fruit and the lens 
was 220mm that provid es a field  of view of 22.5 cm× 21 
cm.  

The bo th LEDs were driv en by a P IC mi crocomputer.  
During the image acquisition, the white lights were pulsed 

fi rst , followed by  pulsing th e UV l ights.  Each pu lse had a 
ti me duration of 2 msec.  Data col lected by the camera was 
sent to a frame bu ffer v ia DMA(Direct  Memo ry Access) 
access using PCI bus hou sed in a p erson al  co mput er (CPU: 
x86  F ami ly6  Mod el8 Stepping3, OS: Microsoft W indows 
2000 SP4 ).  Fig.  8 sho ws the i mag e acquisition  app aratus.  

  

2 .3 Fl uorescent respo nse of ci tru s fruits 
 

To examine lev el o f fluorescence can be observed on 
v ari ous ci trus fruits more citrus varieties were investigated. 
F ig. 9 shows sampl e i mag es of 14 varieties of citrus fruit  
 
 
 
 
 
 
 
 
 
 
 

Fig. 8  App earan ce o f exp eriment equip men t 
 
evalu at ed in  this experiment captured using the color 
camera und er the white LED lighting : Mi shokan,  Aman tatsu, 
P ummelo, Mandarin, Sampok an, Hassaku, Dekopon, 
Kiyomi, Grapefru it, Minneola, Navel, Iyokan, Lemon  and 
Kimq uat.   

Du e to limited avail ab ility of ro tten fruits, sk in injury 
typically associated with fruit rot was created by  thinly 
p laning with a razo r.  Th e treatmen t releases p eel o il stored 
in certain glands underneath mo st citrus fruit peel.  
 

2 .4 Camera  parameters fo r ea ch light cond ition 
 
As fluo rescence in tensity of fruit ro t is much lo wer 

comp ared  to that o f co lor signals of whole fruits, camera 
operation paramete rs (e.g. shutter speed, gain, gamma 
correcti on etc.) were adjusted accordingly  to obtain good 
quality images. Camera gain was increased  from 0 to 12 db, 
shutter speed  was changed from 1/20000 s to 1/60 s, and J 
correcti on was from 1  to 0.45, when white light ing devices 
were ch an ged to UV l ighting devices.  A 6mm o r 16mm 
fo cal leng th lens with 1.4 F nu mber was att ached to the 
camera according to the fru it size.  Image acq uisition  was 
conducted u sing a function o f random trigger by outputting 
tr igger signal through camera l ink.  The t rigger sign al was 
also sen t to  a driver for lighting the LEDs just before i mag e 
acqui sition.  Output RGB signals were inpu t to a capture 
board (MTPCI-TL2, Micro-Technica Co., Ltd .) and i mag e 
d ata were transferred  to  memory of PC.  Table 3  lists 

Whi te LED 

(a) Top view (b ) Side v iew 

UV LE D 

White LED

C CD camera

O bj ect position

camera paramete rs u sed  fo r i mag ing under the UV LED 
li ghting and whi te LED light ing. The camera parameters 
were d ynamically adju sted on th e flight  through a high 
speed (9600/19200 bits p er second) camera lin k to  acquire 
color and fluo rescent frui t images in  sequ ence. 
      

3 . Results a nd Discussion 

The fluo rescence images o f 14  ci trus frui ts excited by 
365nm were captu red with  the colo r camera i n the v isible 
regi on.  Th e captu red color images were split into Red, 
Green and Blue p lanes.  Th e green plane i mag e had the   
larg e differen ce in g ray level between ro tten part and the 

 

F ig.9 Fourt een citrus varieties were examined  for th eir fluo rescent signal strength under the d esign ed fluorescent imaging 
system. 
 

Table 3 Captu ring p aramete rs for each lighting condition  
 

 

 
 
 
 

o ther heal thy part , then to recognize the rotten part o f citrus 
fruits, the g reen  plan e images were enh anced as shown  in 
F ig.10.  Th e fluorescence part excited by 365 nm looks 
whi te in F igure 10.  A white p art of a central p art of fruits 
was confirmed  clearly fro m Mishokan at the left of 
upp ermost column to Kiyomi  from on to th e r ight side of the 
2nd column, and it has b een understood to be able to d et ect 
th e mat eri al  that ex ist s in side th e surface where the sk in was 
p laned by  leather.  The part where the sk in was planed was 
not clearly seen as white fro m Grap efruit at the left o f the 
th ird colu mn.  F ig. 11 shows the result of emphasizing the 

g rey -level di fference of a fluorescen ce part and  a healthy 
p art  in green plane by manual op erat ion using 
image-p rocessing software.  In  Mishokan that had  the 
g reatest gray -level di fference was 65, while Kumquat was 
only 4 th at  was the minimum value.  Thus some can be 
thought as a reason that the grey-level di fference between 
th e ro tten and healthy parts differs by variety.  Fi rst, the 
way to p lane the sk in by the l eath er was not the same.  
Although the important thing is to make a fluorescent 
mate rial that ex ists in  the sk in come to the surface by  thinly 
p eeling  the skin, a possibility can b e considered that a 
fl uorescent substance did not come out on th e surface sin ce 
th e thickness o f the peel changes with varieties ev en if it 
d eletes similarly.  S ince the rot ten part was clearly 
d etectable in Iyok an as sho wn in Fig. 6, it  is approp riate to 
th e portion not looking whit e in Iyok an in Fig.10  to think 
th at  it is because a fluo rescent  substan ce is not loomi ng in 
th e surface.  
 Those ch aracteri st ics of the fluorescence imag ing for each 
ro tten fruit indi cate th at it is applicable to detect  rotten  part 
d etection after processed by imaging technology. For 
exampl e, if th e detected area is on e or mo re, the fruit should 



b e judged  as a rotten fru it. 
Time lag  b et ween the two i mag e acqu isition even ts was 

min imized  to  reduce fru it position  shift  as fruits are mo ving 
continuously on industri al fruit in spection lin es. It is also 
imp ortant to keep a moving fru it in the field o f view o f the 
in spection camera du ring the two, fluorescent and colo r, 
image acquisition events with the same camera. F ig. 12 
shows a timing chart of the image acquisition contro l. Ti me 

requ ired to change the camera o peration  parameter i s 
labeled ○1  that is between two  image captu re.  A short t ime 
lag between the color and the fluorescent image acqui sition 
was achieved. Th e sho rtest time b et ween triggering the   
whi te LED and UV LED (② ) was 14 msec. The short i mag e 

 

Fig. 10  Fluo rescence images 
 

 

 

 

 

 

 

 

 

 

 

Fig .11 Differen ce of g rey lev el  in green plan e between 
ro tten and healthy p arts. 

 
acqui sition l ag time between the color and fluorescent 
image acquisition make it applicable for existing industrial 
g rad ing lines. An indu strial conveyer lin e typically moves at 
a speed of 60 meters per minutes, thus a fruit travels 14mm 

in between the two image acqu isition ev ents d escrib ed 
above. As an  indu strial frui t inspection camera has a typi cal 
fi eld  of view of 22.5 cm×21 cm, there is no problem to 
captu re a color i mag e th an a fluorescent image u sing the 
same camera. The time lag duration depends mostly on 
computer hardware specification, especially  usage rate of 
P CI bus and its bandwidth. 

 
 
 
 
 
 
 

Fig.12 Timing ch art of the image acquisition sequ ence.  

 

4 .Co nclusions 

P eel damage of a wide variety o f citrus fruits can be 
d etected u sing fluorescen t imaging. The sen sing  capability 
could  be v aluable for detect ing fruit rot, fruit split, and other 
fruit quality defects related to peel d amage. An i mag e 
acqui sition system was design ed and evaluated for acqu iring 
fl uorescent and color images for on -lin e citru s fruit 
in spection. New fruit rot inspection feature was add ed to 
comp lemen t already proven size, color,  shape inspections 
capabil ity. Fast image acq uisition  sequen ce allows 
imp lemen tation of the new fru it rot inspection feature 
without major changes of exist ing  indu strial fru it in spection 
chambers.   
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