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3- Hue, Saturation, Value (HSV)
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1- Gaussian Mixture Model (GMM)
3- K-Means Method

2- Expectation
4- Matlab R2018b (Version 9.5)
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2- Floyd Algorithm
4- HHM: Hidden Markov Model

Agricultural Mechanization & Systems Research
22(80), 2022

Y4



PY_0e ol Vv e lamnj/he o)loud [YY s/ 5555l cypmusl 5ilSn 5 Btilobu Coligines

‘U‘ )Q 4\5
Al Z—}a") Ao d =g L—’ -uddjjj (_g'_.as S =d
295k Ols— oo ¥ atal, &g o a1y ) AL,
o,

by loee Jae sl yially (50,51 css s (sl
(S bl 59 Jol b (w8
S 1 a5 il g5 5 Sl

95 slabolio sl wia S o il a >4 0l
a o) iolejl 0y >g0 slad Sgei Slo i L
Slools a_cgomme Loy les ol g 0l puii s
3 G olas s (st bgdie Jooe S 2l
(Wang et al., 2020)ols 559011, Laly le o>
Jas pieyo S Jlasl 31 ol 5 i ¥ S
ol (F JS2) (ol pg—a o | (oS LogLoe

= ISs o badze M sl by loe Joe SO 4 X

109 o0 (sl

M
P(x|GMM) = Z Ci.N(yi,z i) M
i=1

ol as
Ol oy i i A = Xl g g gt (455 =C;
I @ =N gl gmse (mila)lesS sl s
byl Joo Guil)lgsS Gyl Jlos i Jlooz>!
a8 S Ly o, b8y o ay Yo ane (oS
55 Sl et s 3l ooliial LSl a5 w095 e
Joa 51 Al Lo (6l el )5 015 55>
Vi), oo an (N) oy Jloix! S8 wls

g g0 o3laul
N(u;, X i) = D)

% exp (_ % (i — )" il — Mi))

et @mz|g iz
M 1 1 -
P(x|GMM) = ECi—d 7 exp(—5 (0 — ) Z(xi — W) (v)
i (2m)z|Zil 7

(Y JSU5) ol pgnad 1y owgS bolse Juo o 1581 Jlos! 51 Jols yonad —£ JSW
Fig. 4- GMM step result from the original image in (Fig. 3)

1- Maximization

Agricultural Mechanization & Systems Research
22(80), 2022



RULE P S

Dol ccws an e el )b 5l 6 uess U oS
IS5 ol ol (M plS L (olwacinn al> )
bglxe Joo sl (ol sl (g5lwaiiing v 65!
(Zeng et cwlonds JSis ju) Sl 5l (oS

al., 2014)

(E p5) ool ) dol alo o
s D9 o Agl 23 o Be B o he laul
Sl olaie ool leslawl Uy ol ool al> o jo
69555 03 ;2 il an 4l Jlaiml lade Jae o

09“‘5/0 ML?L@ In 9 ¥ .]ag‘s) )‘

i=1,2, .., M

E[Zni] = p(ilxl: wh) =

p(i|x11 Q)h) =

TV 1 = Vi

e lioe 2 (53290 Al po 3 135 SlaazaalS (615 (wes

by sl glwaiiion (g
0Py S— =2k wel (gilmaiinn o 5]
L o8 8L JLbs 4 aS ol Tonigi )| S5
259 S sbe bl @l pleic s it
91 5l asges S ot )5Sl ol ol (g el
e gl o (el ;o aS cl T sl
g S e B eslit wls s e BsS L
Ols—e ez 58 g0 shls (k) ael (s5lwarinn
o=l el M) 5lwaizig 5 (B) (o —2b, a—l
Sl = 1y ate il 00l S Cs o 5Kl
al> o) alei o ar e Lo el )l (G55 polde

mp(ilx,0M)
I i (aleh)

9]

1-t,

(M 685) (3lwdinioy alo> o
a polae jleslawl b gilwais als oy
= 00l plescin ;s 0, L @ akayl ) 5l eosl Cws
Gt Fatal) )5 05 b o ule @ >
plzl 53 o s sl osla il Lo 71y a4y Cons
baly) s 09 b Hl 8 0L My = 1 5 0500

g aalys A g ALY

tn _
Yy [1 = Y]t

(®)

dagyl o a8
2l esal i sl iy it Jlaie Zzyy
st 355 5 Sl s bl 4 <0 sl iy
o 5l —talejl lo s B S la_be =y
gepll a e o phn csal v ol (S
by Joas yo ol foall (335 =T iz

=

e

Q(@; ®h) = Ez[ln(t: Zle)] = g:l Z£=1 Vnk{lnni + tnlnyni + (1 - tn)ln(l - ynk)} (?)

- YLy (i, 0M) (o = ) (e — )™

- )
L p(ilx, 8")
I~
;= NZ p(ilx;, o) \)
YL xap(ilx, o) )

= S b (i, )

1- Iterative

2- Baum-Welch

Agricultural Mechanization & Systems Research
22(80), 2022



FY-00 ol VEee hmaj/he 8 )loud /YT s/ 55,5l cygmusl 5K 5 Watilobas Coliginss

Shabba s D Lo X —wa sl Bolay s

=2 (Sl D5 S A9 K A d_cg0oe oy

(Bishop, o2 o julail;ools o alold ols e

2006)
N K
=D relln = el an
n=1k=1
sOT )J 45

l_grnk € {0,1}9 4_..».:5} —> )_gj.n =Ug

oS o L gilwaeS Ban googn k=1,...k
l_’)l_§ u_;| ol Hi 9Thk 6‘)_; )JQLM L)J)_‘.Q.,
6‘4_19-)450 05}39—2})‘)&’. M)j_ﬁ‘ g_i_: )‘ oola__ul
0090 28 il L cadn plS 10 0,5 o D90
J i U ot e ol ol gl adsl i S gt
S A

)JU - o

'"Af Thk )JQLO.A )‘ oolar il l_t |)

9k (o= o8 calasasg L) &bl pgo ad> o
Jj-u-'LS-A d_u.oS [U0% 6‘)—’ P VESN ).l\DLu )| oolawl la
Jy—a> L5 polie Slw)je,a Lo ad> 0 9o (0l

g S5 ol Kos

dagyl o a8

X Cog——ac Jax>l=p(i|x;, @) 4=1,....M
Hi g ol (o0 B ol =0" txyigs i o
el )y da ol =y 9 X1

a0y sLaylon g 05y palie sl esliiul Ly
o ol gl (el Lad (anaiigs sual Cos
g b o e ol b bl le S
Goadss oy )5Sl Sy Cald s il ol 59,
s Sl s @l Lot = (Sl C
Slie s Solad oy as Sy e 09 ol
oS an ) Le loges TSo 5 aplen (oK 35,
L sS i b5 5 Tyl calid 59,5 L e
8 o Waaiges canld aboe sl 0 el Ly
A ookl Ve akal) sl aile gl e S

i = ]|
7, = exp<_ 1202} ) i #j ()
i=j

0

e lannd (91 5 SO 3 oty 595
O yg—o Ao 00l A gz S a5 5,8

'xM}

(£ JS3) B don yo | Jools pramai 1 (Suliod (32 535 (Gaivaiod wia 1551 Jlas] I Jols 1 guai —0 JSui5

Fig. 5- Result from K-Means step that applied to (Fig. 4) image

1- Fuzzy C-Means (FCM)
3- Weighted Similarity

2- K-Nearest Neighbor (KNN)

Agricultural Mechanization & Systems Research
22(80), 2022

Y



RULE P S

Olo=e a5 sldl (il BS olasd 5 ol aid 57 s
Sl s lite 4 a5 aalns LalBlS JS sl
il 5 YL b sgo> 5 byl o Ldas
5o b eolaiwl s i S sl Sy Slass (6l
e 5 S ol s Yo sl oo ragy s (o
5 Ji 5 el
St a S I s pglal e i lS A s s vy
s S J—ate loJnSoy Slass &5 50 0 5
e Gl S sload) 09— YU asbwl 51 i

5 gl Sy ol

ol

904 S olKm g o hjle b 4 malS 95 s e
eSS Slo s o a s S5 e
5 e oy Sy sla ) sl ol al ]
2 S —eSoy Sl Sl il o g S
azals SO plee 4 s 8 ol (g 1315 4z o
S led
sl Sloe Jlosl 5l J—ol> pg—ai & JS5
JS8) J8 ad> o 5l Jol> pgai o wlibisn,
Sg—s oo 0drl e 45 job lon aas o ol 1 (0

.AS)L) )5&} ).’9@ Q..:“)é L(ba_?).:l.e‘a.:

e Uae 32 (5 93 Al po )3 1315 S azalS o515 (esS

i Jl—esl 5l ol pp—ai & S

Jol pgai o (Solar (n J S5 (gana s>

o oo 45 wad oo ol |y (F JSt) (8 al> e
Ded s pogal Szl plo 5l S 5 g5lulas

ol (e
){5 “ ),‘ wl ."J ) .. d\—f“ ...‘

9y le—b anl B 5l 8 g o b ganSSE
POl b oS e pild S0 Rl pgba
o azg by (228 Sjee o 2hd cplad Jlesl O
e o pgloal GO SIS 50 o] e 0, Shee
6l s 0t O oV oY o ¥ sla ol
3lepgloas 5l plsiel g Sz bl (50 (e
Lo e 5 09525 ol (olidicdn) Sldes
s solitul REL L oSt Seas g bl yole
(b poloal )3 yolie (py SD (0,5 1 sl
a8 5 ialiwyd o] 8 ans soliul Velusl ayT s
2 Og—Boe lrazalS L dgen el S E el
s ooliiul ams gl
hlo bl pgai o 1S slasd (5)leb 6l
o azelS SO late 4 e Jate slaJuSy

(0 JS2) U oo 51 ol y23 2 oalicbicii; sl sSloe Jlos! 1 ool g =1 U5
Fig. 6- result from morphology step applied to (Fig. 6) image

1- Dilation

Agricultural Mechanization & Systems Research

22(80), 2022

Y



YY-0+ ol VEr o lus/Ae 0ylows /TY wla/ 5,5LiS ¢ygmm] 545150 o Bailolur ol

o9y Ay 4 ojle b o Bs ol 8l ol

f""")?—i” Qj—wsn ool _in & 'S 5y s l_>

)L(’:’ Jﬂ—“’y Pl yO Lm\_zml,f Slo x5 (L
Stz ol Sl g 0t hled o Lise 33

= e ;S0 Ghgy 99 L8 )S 18 Hlaiae (b)leds

o)

S pe—al G5l 5 () sl S gl
Aty e ol

Y L}4_'>| w k_):"j)d | >

S oo 2lwlid 93 4 | ba el olpiin
25— 50 o d Joate by oSy Sl ploxil
Olye an Jol> sue g ad ar il (Jol> (9090
dm b ad)S L o S asalS oS 1,5 (e
S golpiming i ye S o ) Shos ol )l HoLare

d_lam\?s‘)_’c)ﬁws)l_’oé_w)_fowjj

D310 5 0 Bolas
&9) A Ja&._‘>)‘ OA_A" g_w»)d._:é.:l_ud_aja
Sl (p yeS eizred 9 WS00GS @ e
Oemad Sl 1 500 g, 90 Lo auslie o) Lo
e byl by o Slae BLod 5l solpiing (o,
Ao Cod |y 0, Sles o i oo e aile Dglae
3 @l S Jale Gl aS o ls 1 K0 ) 90
90 Jae g0 o ool ) Jeaz 0 Jols bl
J—lse po—ai jo 3 ti g b e QL)
M‘Lmuj)_)ua.a.?:_..uks‘)_)“s‘od_.jw
o el ea i a Sl i e S 0 aS S0 o
59 00 03538 LS sl Sy sl eolaiul JJo 4
b By by ol oga> LS o jise ol )8
Sg—ii g0 0l iV Jgdz jlaS a8 len 1A

Coas gV 2l )LS g Lzl 51 goloi—in (b,

el 510595 i sla gy

Oeile 9 &85 8 (hilel 0550 (Swd O g0 &
u_‘))f )|)_9 oola_wl Oy9—0 B0 )LA_O.Q u‘g.».c LE Lcaui
3solpi—in (g, o Sles oy Sl —iren
ooyle—d gllaz ol o dwlre lso 4 ST A alayl,
A oolaiwl Cowl axalS

b—Dr

r

x 100

%)

error =

sQ‘ )Q 45

Sygmo do IS sl i leds Slaws (. Sikee =y
Slawi 5 Slwo =P g ta—> o Jlado lon Ly gwo
el golgiinn g, dawgs sl b ke SIS

pe—ai J—2l 01 IS slea_=alS oo
-

Loz 5l G 51 ol

L by )l—z
55 bgle Jas alig 4y ool 4l oy )5 Xl
3 a5 (S ) 3l Jmole s el )l
Oly—ie 4 09D o0 0doli (s gy ]
ga—ba 8,8 L osla ble b 0 a0 oo
o dglie 51 L Ly, pluw jl Jols gl

Agricultural Mechanization & Systems Research
22(80), 2022

FF



RULE P S e lao gt (S 190 Al po )3 1515 Gzl 15,5 (ymes

lad a2 5 ouwd it gl 43 3990 (WAaLS dlaxi jlure Bl youl g il —Y Jgua
Table 1- Mean and standard deviation of products in the images taken from each random point

Jboy wolds g Sl (P95 O (9
a0 ylods
S8l il eSSl Syl Sl lmedilpil iSbe jleedilil (Sl
1.89 73.67 1.7 58.67 0.47 62.33 0.82 62 1
0.94 52.33 2.16 48 3.27 57.66 0.82 59 2
1.7 90.67 4.19 83.67 3.3 85.33 0.94 88.66 3
4.32 112 3.3 93.67 1.25 103.67 0 104 4
2.45 104 1.89 92.67 141 95 0.94 93.67 5
4.99 96.67 4.03 83.33 1.7 88.33 1.25 87.67 6
3.74 70 5.1 61 3.77 63.67 0.94 63.33 7
2.49 99.33 1.25 89.33 0.82 93 1.25 97.67 8
3.71 76.67 2.4 63.63 1.86 74.33 0.01 75 9
2.05 89.23 1.72 70.63 1.25 80.37 0.21 82.67 10
241 77.6 2.49 56.33 1.23 63.33 0.02 71 11
2.49 97.61 1.6 81.28 0.92 93.51 0.27 96.36 12
1.77 95.33 1.7 73.03 0.95 83.33 0.05 92.43 13
1.25 96.67 2.8 80.23 1.14 95 0.85 98.33 14
2.05 68.93 1.05 48.67 1.05 58.67 0.25 56.67 15
2.23 87.69 1.75 76.33 0.94 87.27 0.68 95 16
2.53 86.77 2.44 72.53 1.58 80.3 0.55 82.71 oSl

Golgi—iin g, 09— so odal i a S a 5o lend gy dw o) IS ead el slaws VSl

Oz e polie e o i A e ol de Ly aslie o Jls

Agricultural Mechanization & Systems Research
22(80), 2022

fo



YY-0+ ol VEr o lus/Ae 0ylows /TY wla/ 5,5LiS ¢ygmm] 545150 o Bailolur ol

130 - ¢=——gmm
120 - refrence
(%] -
o | ndi
S 110
<
o 100 | ousto g -
E \ R <¢X
a 90 - p
ED 80 ‘/
% A v/.
E 10 . /\ /0/
© 4 \ =
o 60 -
]
3
© 50 -
>
40 T T T T T )
50 60 70 80 90 100 110
reference values

&0 3o b dugllio 5 (danile (10 )lond lisee sla ) (b)) b -V JSKS
Fig. 7- Evaluation results of different machine counting methods in comparison with reference values

A ool wl A g ola il el slapSTys
e e 04 Se YY oy ol (il i g laa=als
u‘)_~n LJ_" »))‘9_,0 ‘_,,_ﬁ-ﬁ)o fd;«_é)f)_]a'.;)é ‘)_15
V0 ol Jloasl o Hg oy oo o soe FO 4
od— yariw ¥ Jgaz 10wtz slaesSl s sl

9= 5 (S (B9 et (e A S0
e = S gl Pl o )9Sl g0 5 casadl)|
5 Jley Dol et g (o ) sba S s
b3 aS e bples ams o oL 1) 9ol B9,
Joe (e 00l all ] o 5o S sl onaline L8
AP Gl a1y (Ko 2V (S by Lo
L Jloy oglis ol g, of Sla g oo R=
R= 18 L 5 sl oS aliul bs, 5 R= +/20
Ayl 13
oP9) ge—e S y—Slos () p je—lato 4
Lo 508 sbovime; 5o Ghgy o=l Sl oolei—ig

Agricultural Mechanization & Systems Research
22(80), 2022

s



RULE P S

e Uae 32 (5 93 Al po )3 1315 S azalS o515 (esS

GMM Method Regression: R=0.96542 NDI Method Regression: R=0.95217
n ‘ ; O Data -
+ I 90 Fit ‘ ®
- Y=T X
@ f.-; b
2 o 80
il ©
b =
0 wn
) & 70
b =
" n
- ! 60
a s
g a
s =
(@) 8 50
50 kb 3
50 60 70 80 90 100 50 60 70 80 90
Target Target
OTSU Method Regression: R=0.90883 All methods Regression
120 = R -
O Data . 100 -
" 110 Fit : *
-
+ Y=T 50
< 100 ’
o ”»
“a 80
= 90
s
%
" 80 70 P
s »°
3 704 60 '
.
3 ¥
O 0 o
50
50
60 80 100 120 G = = = = == =41
Target

wd gy b duglile 3 dawile [y ylowd LliSeo (g gy (Swmod byl gl -A IS
Fig. 8- Results of correlation evaluation of different methods of machine counting compared to the manual method

Gliseo gBaSTy5 13 ylae 51 Blydil g 5 Sdos s (b5, - Jgas
Table 2- Evaluation of performance error and standard deviation in different densities

s slao 31 Gty Syt oS5 w5155 Capmisg
2.43 0.23 22-44 oS5 oS
3.40 0.42 45-65 Lo bS1)5
4.98 0.73 66-150 R

S a5 03 (pess Las (Sl | leaalS
oLl v (59, 5l (U ggdge l (ol Vo
i w515 il L a8 el o] apl 5 oS,
bli (o5 2 50 50 Gde () odbe 390 e o2
s Yo 5l pgloal (28, 5 4z )5 g0 )l0 S92y ac e

oo al] by, Sgis o odslie 45 jo by Lon
sldas o s 5l Bl il (o515 Lo i 5o 4o
V siz ez Ly o e o) YL
= e 00 Al 030 59 SN A S 09l e Lo
Slaw xBlge o del o s T by e Jos

Agricultural Mechanization & Systems Research
22(80), 2022

v



FY-00 Lol Voo bmajihe o )loud /YT s/ 55,5LS ygmul 5l 5 Batilobw Ciligings

a S golpi oy (g, 0del Cwd a G 3b
WS oo o (s byLe Joo sL—e
GBS @z o polie do o |y polie (5S40
Dgliie (anmme Ll 50 0, Slee Blad i g 0y o0
99 4 o |y 0, Slos (e o xe j5— aile
o=l sleslaiwl Le S slpaien BT 0l ;50 o,
O3S Sl ety Jglaste (B9 99 sl 4 g
el 65,08 Sl 55 LIS o515

Jlesl Ggam eoleiming (b, 45 <l ;55 J11
L cl S s ailo (6395 polal jmy i
2 Fr—an j5 leslal _wl Loy g paal Sl
S S 0y Sdoe Gyl (gl 4 ol S
Jlosl piline a8 cul (g Loy, 4 S
Ol ol 350 e i piglial 1 Ol
S oo polel s |,

L5 9gdoms cozrge cpigloai o Lanpl Szs8 (2,
§ Mg BA> ¢ laael i > ~>~u'|).=3 N LaaQT =S
Se29 =l L (Hy oSS oy ol ) jled al> o oy

I Sl Ghyled 5o

S 5 4
o35 jelate dn ana by, Liegi (0l 5o
OLQ"—“‘“’. tr?ﬁﬂo 4> e ‘}—15 <5L°“—:~:&Lf-5 f“s‘)—’
ol pmile L L cl jold eolpiinn b, .0l
=S L s (b (eSS sloazmalS
Cly 4 S0y g laie LI, 135 olS o515 ay e
G ydalip g o o 0 4_319369 A4S A e
O Oypzed Sl aile 0 LS Jemame ol 5L
G S ab sl sla g 5 soliing p oSl gl

@'é,.@

SEais &8 b o)l oBiils 5l 05 ol Clie L ailo e p3Y 095 1 bl adlie Bai s

oY GG fyols 1,8 Last 18 5 6, Jbls an 958 obloamae (65,5a8 olg> leas 88 5 (5,

Ayl el rmghy ol S i 0

&0

Bairwa, N., Agrawal, N. K., & Gupta, S. (2017). Development of counting algorithm for overlapped
agricultural products. International Journal of Computer Applications, 975, 16-19.

Bishop, C. M. (2006). Pattern recognition and machine learning. eBook, Springer.

Carré, P., & Pouzet, A. (2016). Rapeseed market, worldwide and in Europe. Ocl, 21(1), D102- D113.

Chabok, F., Rezaee, A., & Asadpour, M. (2021). Sensor data fusion for positioning of agriculture mobile
robotusing dempster-shafer method. Agricultural Mechanization and Systems Research, 22(78), 89-106.

Cordill, C., & Grift, T. E. (2016). Design and testing of an intra-row mechanical weeding machine for corn.

Biosystems Engineering, 110(3), 247-252.

Dorj, U. O., Lee, M., & Lee, K. K. (2018). A computer vision algorithm for tangerine yield estimation.
International Journal of Bio-Science and Bio-Technology, 5(5), 101-110.
Ehlert, D., Adamek, R., & Horn, H. J. (2013). Vehicle based laser range finding in crops. Sensors, 9(5),

3679-3694.

Agricultural Mechanization & Systems Research
22(80), 2022



RULE P S e lao gt (S 190 Al po )3 1515 Gzl 15,5 (ymes

Karbasi, A., Mohammadzade, S., & Hendizade, H. (2019). Analysis of effective factors on increasing the
area under rapeseed cultivation in rural areas. Journal of Space Economics and Rural Development,
8(3), 187-202.

Lenaerts, B., Craessaerts, G., Baerdemaeker, J. D., & Saeys, W. (2015). Crop stand density prediction using
LIDAR-sensors. Proceedings of the Agricultural and biosystems engineering for a sustainable world.
International Conference on Agricultural Engineering, 23-25 June, 2008. European Society of
Agricultural Engineers (AgEng). Hersonissos, Crete, Greece.

Maertens, K., Reyns, P., De Clippel, J., & De Baerdemaeker, J. (2003). First experiments on ultrasonic crop
density measurement. Journal of sound and Vibration, 266(3), 655-665.

Mavaddati, S. (2021). Rice classification with fractal-based features based on sparse structured principal
component analysis and Gaussian mixture model. Journal of Al and Data Mining. 9(2), 235-244.

Payne, A. B., Walsh, K. B., Subedi, P. P., & Jarvis, D. (2019). Estimation of mango crop yield using image
analysis—segmentation method. Computers and Electronics in Agriculture, 91, 57-64.

Rezaei, Y., Rezaee, A., Darakeh, F., & Azarakhsh, Z. (2021). Classification of polarimetric radar images
based on SVM and BGSA. Signal and Data Processing, 18(1) :102-87. (in Persian)

Wang, Q., Nuske, S., Bergerman, M., & Singh, S. (2013). Automated crop yield estimation for apple
orchards. Proceedings of the The 13" International Symposium on Experimental Robotics, June 18-21.
Québec City, Canada.

Wang, Z., Ritou, M., Da Cunha, C., & Furet, B. (2020). Contextual classification for smart machining based
on unsupervised machine learning by Gaussian mixture model. International Journal of Computer
Integrated Manufacturing, 33(10-11), 1042-1054.

Yamamoto, K., Guo, W., Yoshioka, Y., & Ninomiya, S. (2017). On plant detection of intact tomato fruits
using image analysis and machine learning methods. Sensors, 14(7), 12191-12206.

Zeng, S., Huang, R., Kang, Z., & Sang, N. (2014). Image segmentation using spectral clustering of Gaussian
mixture models. Neurocomputing, 144, 346-356.

Agricultural Mechanization & Systems Research
22(80), 2022

F4



Agricultural Mechanization and Systems Research/Vol.22/No.80/Winter 2022/P:33-50 { L E

Journal Home Page: https://amsr.areeo.ac.ir RR A3
AERI

Research Paper

Estimation of Rapeseed Crop Density at the Two-Leaf Stage Based on
Image Processing and using a Combination of Gaussian Mixture Model and
K-Means Clustering Algorithms

A. R. Rezaee*, S. M. Khalili and M. Asadpour

*Corresponding Author: Assistant Professor, Intelligent Mobile Robot Lab, Interdisciplinary Technology Group,
Mechatronics and Mems Part, Faculty of New Sciences and Technologies, University of Tehran, Tehran, Iran,
Email: arrezee@ut.ac.ir

Received: 15 April 2021, Accepted: 17 July 2021

http://doi: 10.22092/AMSR.2021.354218.1381

Abstract

Today, with the expansion of industrial agriculture, the use of new sciences and technologies such as artificial
intelligence has a significant role in increasing productivity and smartening of agricultural methods. These
methods include estimating seedling density using image processing methods. In addition to helping
agricultural land management, this is also effective in assessing the amount of fertilizer and chemicals and
determining the storage space required. In this paper, a new method for estimating rapeseed crop density at
the two-leaf stage is proposed. To prepare the images, first, images were taken from several random areas of
the rapeseed field in the two-leaf stage located in the village of Mohammadabad, Qazvin, using square frames
one meter long to meet the usual standards; Then the Gaussian mixed model with the Expectation
Maximization algorithm is used to segment the images. In order to improve the segmentation of the images,
the k-mean clustering algorithm was used and finally, when the leaves were separated from the other
components of the image, morphological operators were used to count the number of products in the images.
The number of rapeseed products in the images is also averaged manually and used as reference values to
evaluate the performance of the proposed algorithm. The results of the proposed method have a correlation
of R=0.96 with the manual counting method and have an accuracy of 96.5%. The results of the proposed
method are also compared with two common methods called the Normalized Difference Index (NDI) and the
Otsu threshold methods which are based on the color characteristics of the images and used in recent studies,
and it is observed that the proposed method works better. Although the images were taken in different
environmental conditions and with different light intensities, the error rate of the proposed method for the
images used was only less than four percent, which shows the efficiency of the proposed method in estimating
canola density. Therefore, the proposed method can be used in estimating canola seedlings in practice in
agricultural fields.
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