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Abstract:

Saffron is one of the most valuable crops on the planet and one of the world's most expensive agricultural and
medicinal products. This plant has a special rank among Iran's industrial and export products. One of the challenges
in producing this plant is timely harvest from the ground and red stigmas (branches) separating from other parts
of saffron because the flowers are harvested in a very short period and harvesting and separating at the limited
time is a key point. This research, it has been tried with the help of image processing techniques to recognize
saffron flowers and how to identify them on the ground. In the first step, to recognize saffron flowers, the
transformation of colored spaces is used. Then, the histogram and the minimum threshold are used to segment and
remove extra pixels. For this purpose, to recognize flowers, RGB space is converted to YCyC, space, and the
combination of HSI and YC,,C; color space is used to distinguish other objects in the image; also, a histogram of
Cy component for early identification of saffron flowers is used. Then, those pixels which are misidentified are
removed by a threshold value. Next step, the saffron flower needle-shaped leaves placed on the flowers are restored
by morphological operation of the proposed method and the flowers that overlap are removed. Then, the type of
saffron flower (bud, broken, open flower) is determined, and the ability to harvest or suitability of saffron flowers
for harvesting has been determined. Finally, the flower center that can be harvested is recognized, and a saffron
harvesting robot will use it. Average results concerning the accuracy, recall, F-measure, correctness, and
correlation coefficient were 99.79, 99.42, 99.60, 99.91, and 99.50 achieved by the proposed method, respectively.
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Map of the Primary Saffron-Producing Countries in the World
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Figure 1- Saffron plant production and cultivation regions and centers.



YYQ  aar bl slocsuss 5l oolixul b oylie; J8& Lausets 5 lioylKe ol Kb g dlao

.(al., 2008
Ol he ) J geans cadils i wial 3

> 5> Jpaze b olals (SSle cutly (59l 09l
o ly 403l gl pile 1 odlanl b puiS 9 cyd aile oL
90k5 locd ity pf ) e Wliwlio 3 pdy o0 yg—o
oy il Sy ame c by LS L slag,sls
Ol 45 09 (o0 bl (g 3 9o g Sl 9580 baw
OJ‘.))‘)ﬁ ).»L Ceoxd g ol ‘nlo.')' Al i u.)a).‘)‘ ).309ML )A‘
ool sy Sl 98 (oMo (imen (Jppase CudS
Lﬁ...'o D)L\J‘L;o O)Jol:ﬁ:.o LY l) me.fw] La )f)lg M.E.:_..m
LSLQ’[V"—‘“"—“’ D99 piS u.l_.o‘ Jﬁj.) 03 lnl?u‘ le‘mu—“’))’-
2 A3l o Lol 4 il ol o Glojen (6yglaer
Ao (25 98 5l ey Al ye gl (oliie ) Jp—ae
JB o2 2 9 (e iCesin g n)lp—dd &S o390 iy
Jols ey il o olyae; celyj ds o o 5wl
93 2 ) &S o390 J5 1AM (9S> g 4 50 51 S (e
Pl (Gl (59,5 5 5O Abwges Ciod b g al> 1o
o Cg—e wRyd 9 (D) slaS g dw & il (3ble
ol od 03y LS Y Kb 0 S o pdy

-y._ = hadh
gy

o i -

LE3 s e P

Olyis; CulS gy, —

Te IV glis)) s sty 5 S sl LS ol
5 Sapl Sy (el aBlos 0By aty a5l S (e il
a5 ol @lé- ul).n.c) Jf J.bﬁﬁ Ja"‘"? )l gl o E)li- )'1).3
R SIS F b S K9 (0 (ritte J5 a0 B SG 4
@ e (Ol S g a2 Tl b (rioren 3l
L (2050 4 laie jo,8 SOy 4 ad b aw IS
590 Ca—wd (Behneya, 1991; Kumar et al., 2008)
G dS Al e 3lh dw AN g asls glil b3 ol ooliw]
& (o5 b L slare g5 )l 5 sl jor—iie Gy oL
.(Zaraatkar et al., 2016) .ib o
ohis) J8 00,8 Sis b e iy, Ul 48 0l
G ls gl as sed e plonl g 3 g i Oygay
A o pl 50 CuaS I YU gladl s g Coro Hlas
4 g0ad Gy (i lagby) 4 olHslaS sl b
Bl (Rl Gl (g slagsby) 4 o0 a0
sl i, )50 008 e i glcwby g cusl
90395 olpl glhde ol it Sl oSl 2l 4 b
el ol sy lutiwl b Jsmase ) cliol gg],3
Negbie, 1999; Kumar et ) . ales bl ol cowd

——
e
¢

Y USS

Figure 2- Saffron cultivation methods.
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Figure 10- (a) Saffron flower image with high brightness, (b) The histogram (based on C, component) for bright images tends
to the right side.
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Figure 11- (a) Saffron flower image with dark lighting, (b) The histogram for dark images tends to the left side.
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Figure 12- (a) Saffron flower image with balanced lighting, (b) A histogram with balanced lighting.

wogowr of e Cb Sorvgosert

!

W

(@) () (<)

© (b) (@)
155 g j13905 903 (g) Co 4l pr9eai (0) «lyej IS prguas () VY JSCS

Figure 13- (a) Saffron flower image, (b) Cob component image, (c) Sample histogram chart
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Figure 14- (a) Saffron flower image, (b) The binary image created by the C, component threshold.
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Figure 15- (a) Saffron flower Image, (b) Failure to distinguish some parts of saffron flower by the threshold value.
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Figure 16- (a) Cb component image, (b) Cr component image.
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Figure 17- (a) Saffron flower image, (b) Detection of some of the unknown pixels in the first method.
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Figure 18- (a) Removing small objects from the image, (b) The image results from applying the closing and filling
operator.
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Figure 19- (a) Saffron flower image, (b) Division of a flower into multiple sections by a leaf laying over the flower.
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Figure 20- (a) Segmented image, (b) Removal of the leaves effect from the flower.
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Figure 21- (a) Original image, (b) An example of flower overlapping.
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Figure 22- Detection of the stamens which are in the images.
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Figure 23- The centers (with the ‘+’ sign) and the closest points between the two adjacent edges (with the ‘s’ sign).
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Figure 24- Separation of the flowers through the identified route.
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Figure 25- (a) Initial image of the connected object in the original image, (b) Separation of the flowers in an object.
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Figure 26- (a) The original image of overlapping flower buds, (b) The detected image, (c) The image results from
applying the erosion operation, (d) Separation of the connected flowers.
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Figure 27- (a) Original image, (b) The image obtained by recognizing the bud flower from the blossoming flower.
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Figure 28- (a) Original image, (b) The image results from assessing the flowers suitable for being harvested.
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Figure 29- (a) Original image, (b) Determination of flower center based on shape.
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Figure 30- (a) Original image, (b) Determination of flower centers using the proposed method.
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Figure 31- Detection rate of the two algorithms using the first test method.
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Figure 32 - Evaluation results with precision criterion.
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Table 2- Average evaluation results with precision criterion for both method
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Figure 35- Average evaluation results with accuracy criterion for both methods.
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Figure 36- Correlation coefficient for both methods compared to the reference image.
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Table 6- Correlation coefficient for the output image of both methods compared to the reference image
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