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{Edan;2009)-n'uiaN "a'h Mpal v ANo .2 IR
..... '2¥ X7 Unn DT ' 1ign X¥n

.‘on' DipMmi '017102X DI|"I'YJ'7 |7'7I"IJ'IYJ 207N DI L, jin1 yaa 75711070 DIpP'ma AUNNN7 ¥' D"ANIVIX 101 VN

N'WUXIZ ON-AAL 2070 DIPM_DR-23]"¥n (MaT? GPS  w''n NIY¥NKY) '0I7102RN DIPMN-Reen-Ria

'on'n DI (112NN IR NIV TIR ,NTYA DIP'N ,NNNNN YY) 2ANN7 ON-A¥ 138X IX ,NYIAP DY
DY NDIWN 7Y .NINYN DAY N'WRIZ 0N DY 271 NINWNN IN2'A07 0N 'NIVIND 2070 DIF'M DX YAl
|¥"N 7w ARNMP CTIVE NY'01 NN, 0IANN 7W AINNN1 20N N7, 0717y ,0WID'Y )TN 'KIN D'Y'DwN IT
NIV'Y .NAYINN 2'M7 0N VIANN 7Y 'ON' DIP'MN 7w NYTINNA "N1an" NA"NNI N9'¥Y NNIXA N'YYI DI7'nn
JX TNn N'uI71I0aX oin'' N7 nintvan (Yekutieli and Pegna, 2002) ,7'n '0in INKR NPV (120 NIT'D NU'N

J'RAPR N0 DY TTINNN? Ni7aion |I'XR

nuw'n.2.2.2

B BOHH-BOTUAR S BSRA-BIYLAR  NIMIA0Y MYY7 DP7NNNn_T'1 viaNna Davw nn—{Singh,—2004)
DMTIPIX 12D NNXY NDWAN TTA DX D'RIIFN ,D"N1NO DI NHERAR-AII0-BINEIA-BUORROTIN

TIX W10 NT 719 .N2'20N 72V YT'n NVU™Y7PA 0'790nn 0 0w ni (Groover, 2007) o'viann JiN2 DN

.MNIvIR 'N'7|7I'l 207 01" APNN NI 0'NDYA AYNN 'WXNDKR

NIT'" NIDAYN] D''N"19 DIY"N
71Yav 7Nn) 2120 YN 7Y nyinl 7nann NT'NY 21Wn NN DT NIDAYA (12N D'YNYN DYA9 DIYYN
D"YIN'Y 0"N19 DIY'N .YIRD 1T 0N 2070 W T 0007 IX (NP7 0'212'0 190N TTN 110 yin
,OIN 122 NIYOWAY? DM DN NIF7AYN IX NIFIROA NIDIWYNA KT DY 120 AN NN NdINA TIKN D'XI9)I

. IAY NP2 AIWNYT 127 'NIDRIT 7V MIynwn 91X V'own? 0717V TUX NTA1 YN7 NIF01an

N'¥NIVIXI [12'A NIDIYNA D'PNIN DTN wnwnn 'uoIR NLVRR 71701 KIn a1a'o TN :Rotary Encoder
‘ DN DTIRIXR 79 DIY DRI0 DIY' '70WUN NIX? 7272 79 QYN IR DT 'Y N (winn (34x3 1K)

N1l NPO'T 001N LIYDS 'U9IX TIZIX v n71von |NpPY TIVI DTO9IXR ,0'"012N ,0"017102X ,0"'on! DATIAXR



[ Formatted: Font: Arial

7120 XN IR VPR YD TN AR QP DROMTA 7Y TNRN NT'¥N .ATA AT VIR MNIT 7NN DN
22IMonN 72720 WK WIT 1012 72727 121INNnN 1Y 121 NR0TR 7Y NN 1T IR 12 0771 DO 751 NNn
|O7I7NN "2V 'AN'07 XN NNNN NIX .0'¥ANN DIP'MY DXNNA (V7170 7K V'an IRE DO TN DA N1amon
Amn 72720 0171 DYYIND 22 NINN ot NIX 7700 2w L (Y191 YN 1A ,Awnn) N'0AN 2NN DTN IR
q0IFI TNR 212'02 DX DNY "D'0719"N 190N ' 7V NT A1I0N DTIFIR ["OK7 21N IR NIT'AY7 NIKN DX
n"n 25 7¥ pnan Tmr' ,n"n 50 1970w 72721 212107 007219 10 ¥ A TIRIR ,RNAIT? .0N'7R NN 72270
'WoN1 1I0ILVY7 '"MNIVIX VI NN INN'S 'PNIYI Subramanian (2006) .0'0719 wnn 7w N1'D0 NKY
AT IdWN L,NTRY NdWNN 097N VTN 2 7' nyxan PID aion 1120 a0 Mpa ndyn AWURD 0T

LA1N'0 TN

WK O i yunn

ron ¥
21207 ¥

Figure 3. Rotary optic encoder
DANND PN X7 120 VTR 3K
TAX NUITH VIND MY NNpy 2V niooann N NIy 2 "My IR DT wnwnin 'won :9lponNa

795 70T ,'0VO POIR A¥NA 127 NYINA RXNIN 9 AW N'ITA DTN XN DT 'WOn %9 0'X1910 D'YIN'YN
I NYAT? MIINIK VAN VMY 2170 W'y 1y'xn 1'PNIYI Nagasaka (2004) ,xnaiT? .yIxn T

.D'YUR T 'RINND V2NN TIT'Y IR TN 09'90N NIVANN NIXRAY |17'M2 n>wn'7 yro olzoIN'an

NIT' NIDIYNA 0'IX'N DY'N
ININ NNRIYA NIMOINN NIRZZN D20 ,1INND .UIANY NIIX'NN 120NN YT DYDY 0'YNYn DIIN'D DIY'N
NIMNON NI'VNIVIK N2 .TINA 7217N1 2NN DMIN'A DIY'NY W'Y |3 791 ,TINA DRI 7731 1220
ar7 NP0 NNl NYNMN XY NN ,GPS 7110K107IK DN AN O'NIIA DMIN'NN DIYTNN

.(Lidar)

DINL90 19 7Y 0'0191 DN7Y 72N DIINKA NN NT 07721 DMVANNLFZIR NINIX 'VIANNVRIXN DNVZ90N
DNVP902 NI DDNKRN 720 DK N'Wa NN (4a8x4 k) "unannoE R DNLEson” NMIPNN AN
TV DNVN'I0 NNWYN YaN7 71>' DOIIRY 07X DA .I'TY 22 DRY7 (AN man 2TNI) '01annLRIRN
DIIN .0"M0N'VI0 NNYYYT DMID0 DNIVAY'M | Y1 DDIIX ,VYNA P DNA DNXPN ,NPMN 72 .00 0NNy
(IR) DITR X192'R IX DITX NN *72 D'KY7A1,0'AN 0'DN 0'0Y791 (WVN'7'M7 DTTIA DINP™M 1) DX 7
npn 722 ninn .Near Infra Red; NIR nm%n nixdm IR 727 panpn 0'722 nimavn nimbxn
7¢ Tixn X oinn i (Visible; Vis) "nk1an 2IRk"n nadn 'wao 91k DTN 'Y 07730 N'0ANN0TIRD
DINN2 N'VRANNLFZR NP7 o'W onny QN [Npm 0.8 17 Npm 0.4 aw 72 IIK) DNoELoN
D"OANNVPIR D™ .AXIN DINNN 721N KXNIN LPN'D YAX7 D'RNAN 72 DIIKY NIME7 Apval RN
NIX¥N1 DNVEo0N nx7a .(Ultra violet; UV) 7120 v n1j o'x1jza qonm 380 Twi qonm 10 'aw ooxa

.(unIE'® 5-n NN 7w 72 1K) XA N1 L,(A0NM 10 TY 0N 5 172 IK) 2001 My



[ Formatted: Font: Arial

[ Formatted: Font: Arial

traviolet shortwave

Samima H-rays rays | infrared radar T ATl
ray’s rays

—— —

107 10 = 10" — 10 °* 10°° To* — 107 1 10* 10*
—
— -~ __ Wavelength (meters)
_—_
wisible Light —_—
—
500 S00 FO0

VWavelength (nanometers)

Figure 4. The electromagnetic spectrum ( http://www.yorku.ca/eye/spectru.htm)

(http://lwww.yorku.caleye/spectru.htm) roaaninop'sxn ninogoon .4 R

2I2'7n 2512 NaxIn fmwn [yon ,'7nwn 720 w2 0t 7w (n¥on) Tan T vnn a01in jwen :CCD
790N X A'MN XN 73 ,"TAM 1T 1WN2 DITION DFIVPIRIVID D'RN DN NXMIVAN DI .ARPIINITAYZ NI
NN N7pEnnn nImnn (NNI7IT) NN AP DNXIYY? 7RIXI9ND un D17 1Y DEmn IRn
NN NN7¥Na IR 'X720 XIn CCD-a yim wim'w .(Groover, 2007) 1ynn NX D2 INY D'707'90 19002

‘ .NINN TWI NAYNINN NY'R12 NI0'WI DMyt vien 2:32.3 qwwo .(VIS) nxn uxal (NIR) nix

TWN KN NIMIRIVIX - VI NPDWNY - NI NDYA N'0I71I0aRN NIkvnnnn jwen :GPS
2570 DI L[N Va1 792 2070 DIR'A AWNNNY? W' miivik 101 vl .GPS (Global Positioning System)
,ANNNN WY [123 YA DY I'WRI7 0N N '0I71I02KN 200 DI .'ON' DI'Al 'VI7I02X DIP'MY? 77NNn
D17 NWI7Y DINYM NIYYNAKA V2NN DIP'R DX NAYNN 1T 2117100 2NN IR DIVITIR ,NTYA DIp'n
D'717Y N2'0N 'NIN [N NINYION NIFK7{PN NIAA01 NRT NNAY? .aon 5-15 99 nnna pirm nwoxnl oo
|21 .Mmwa Nt 717y GSP jwrna win'w (D1 NN M ,nnnn 22,10 DNTYWN) 70 NIRN DR DionY
.(Bechar, 2010) nrx7pn v NId>AYN2 NI YI9IN '0I7I0aRN DIZ'An (wn ' GPS jwrn ,0inY
.GPS mo>wni ("pnmi > n'7an") 0"n [wrn niyxnxa T 1omYe nidavn Steward (1999) |na xnart? 2
GPS n [N D X¥N1 NIDWNAN 2 IRIYNL TWKRD D'AYWY 7017 101N 010117 'MNIVIK 221 VIMY NYN'Y NdIWNN
I'RI 220N "1'YY 2N D"NN NRT NNIYY7 .WRIN DDA MR 2NN X DTY2 N DN NYIN TWONN
DGPS n>wn .GPS niooian ninTpnn NIAIZID0 INNIS NNNNKD DYWL A1 0K IR URIN NIDN NN
.on 2-5 79 pirma 'u1710aX DIp'n NRNAL Yipn 72w noon oint nTizx win'w nwiy (Differential GPS)
NITY 93 n"0 2 yXInn pI'Ta NNKR-NTA DI' DR Nwornn Real-time kinematic (RTK) GPS n>awni
MIX2 NNP' NWNN MY oY D1 .TIR DwAT? mimvik a1 iy Nagasaka  (2004) tw npnna

Mgt 'R J'\I'N'7|7n nnIyna |3.I'7'VJ 12 VI N'MIynun

NII7I9IM NRINE 7NN TINRY N7a10nn n'o9ix 17 noavn :LIDAR (Light Detection and Ranging)
3"T2) 2N NV2 N2AMoN XN 72V NNEM (250 NM) A7 NP PN 7Y NWND NIV K¥NIN VPMAIR 7Y
X7 DN DAY D'OPMAINA NY'ADN NRXIND MU™Y7R TV TTIA IR 0719 WIT'Y 2 n'nwnn NIK DTN .(°270
‘ XI07IX D'72 0IX '222 wnnwn Lidar-n 5345 21'Kka INIMnd AIRTRIN D79 [9IXK7 nnim L Tan 1T IR TN

NI21Y7,0010 2NN .NDWNN ANTN INIXK 780NN OP"IRN 77TIA NX yay a0 IR ,DMITR KON IR D'7120



[ Formatted: Highlight ]
[ Formatted: Font: Arial ]
[ Formatted: Highlight ]
[ Formatted: Highlight ]
[ Formatted: Highlight ]

TV WL Prrmwnn X7 V9WUN :Commented [YE7]
7?11 YUTNNn No1..01Y'"N 'al0 Ndn

N7'NEn 22 TIkn IR71919 Lidar n .ntix'n nikna nivn X771 n2a e noann T 7y nomn L,0'ivon
vin'w 11 1wy (Subramanian and Burks, 2008; Gonz lez, 2009; Jiménez, 2000) nxj7nn 19001 N'yTNn
IX 72X7 NOWNI NDIYNN TWKRD DT 'VIX' TA .0"'K7{7N 02D VYA 0'9011 DIY!N A7WA IX 'Y [U'ND

'ON' NIAAN NN XIN NI V7120 121N0N NIXT 73 72uni 79

Figure 5. Lidar sensor

Lidar jgmn .5

nnila nN'Ta '7I|7 2 TY NXMPN N0 D'URMAIR NIAY PN TINKY? 7210N0 |w'n :D"]IOWU'?IK nv"n

7MNn DTN LNINY NNANIMA DYYA NY'AD K7 ITINN NIKD 79 n0'7p1E oxvn ipoa (18,000 Hertz 7yn)
D'VIAN IZNN TINA NDY 210KI07IK QW' N WIN'Y (6—3#x6 1I'K) NIKD 79 DITAN DINfNn- DT
ronivi Gonz lez (2009) m>™ 0'71wdnn NIPRNNN N 71T NIY INK 21RY7 NN RNAT? 70 .0 NNRI0IR
,UI2NN NATPA TRXI TX 792 TIIRO KIVTIK "IW'N NY'WIA-FHAS-N72 WIN'Y NWYl 12 ,NINNNY? "MNIvIK 0IAN
DTN v
DN TAN IK7 DAY NIYIANN N0INE N2ININ DNIZY ,DNIVYON Nyan 178 0wt Nn? noTvn .(W17) LIDAR-I

‘ .n|'|7N|7IIAﬂ|'TIJ'JO NIYyswin'? 0Imar7n md D''1MI D'I'NKR DY'XR

{1} Ultrasonic pulse transmitted from sensor

)] e > e

{2) Ultrasonic echo returns from target

Figure 6. Ultrasonic sensor operation principal (Singh 2004)
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The Entropy of a Data set S; for C classes; where Pi is the proportion of elements belonging to class Ciin S
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The Gini Diversity Index of a Data set S; for C classes; where Pi is the proportion of elements belonging to class Ciin S
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Information Gain of Attribute Aa, where Si is the split subset of S.
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Figure 15. Pure pursuit method for path tracking (Subramanian and Burks, 2008)
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Figure 17. Cultivation recognition using a predefined crops/soil proportion (Billingsley et al, 2008)
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Figure 21. Live data sampling pepper in greenhouse
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Table 3. Soil/Leafage known color features
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# | Feature name fFo er?#:lg # Fﬁ::#ée Feature formula
1 R pic(:,:,1) 12 \% hsv(:,:,3)
2 G pic(;,:,2) 13 h' H/(H+S+V)
3 B pic(;,:,3) 14 s’ S/(H+S+V)
4 r R/I(R+G+B) |15 V' VI(H+S+V)
5 g G/I(R+G+B) |16 Delta H (H-S)+(H-V)
6 b’ BI(R+G+B) |17 Delta S (S-H)*(S-V)
7 DeltaR (R-G)+(R-B) |18 Delta V (V-S)+(V-H)
8 Delta G (G-R)+(G-B) |19 Cc1 R-G
9 Delta B (B-G)+(B-R) | 20 C2 R-B
10 H hsv(:,;,1) 21 c3 G-B
1 2R-G-B
11 S hsv(,2) | 22 RMH cos (ZJ(R2+G2+BZ—RG—RB—GB)
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Figure 35. Binary output (a); removing objects smaller than 5000 units (b); filling holes (c)
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Figure 36. Original Image (a); objects labelling (b)
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Table 9. Features with d'>3 after CLT

X010 2P XY d'>3 T pa paroxn .9 ahav

Natural luminance Artificial luminance
Feature Name | Movie 1 | Movie 2 | Movie 3 | Movie 4 | Movie 5 | Movie 6 | Movie 7
RMH 12.39 5.33 9.44 10
Cil 7.86 5.95 5.6 7.55 9.21 6.49
deltaR 7.26 6.01 4.73 6.51 6.18 3.27 6.62
r 6.48 4.8 4.96 5.69 345
deltaG 6.13 3.81 6.15 5.7 3.65
c2 5.32 3.99 3.61 4.71 3.57 3.1 4.38
g 4.18 4.01 34 3.7 3.03
R 3.65 3.87 5.31 5.91
\% 3.09 3.31 4.23 4.95
delta V 3.21 3.59 5.08
B 41 4.28
G 3.81 4.42
c8 3.23
deltas 3.22
s' 3.2
v 4.49
deltaH 412
h' 6.36
H 5.32

D1"'ONN 2R .5.1.2

-0.8 < r < 11y yaj 0UONN AT 1A ['PN DNNNWKRD ,0"ONN AT 2 NIYN IXNn (Pearson) nnxnnn 2'0 [nan

( Formatted: Highlight ) D'ND01 1IV™7PN NX1) D'NOO] 7192 NNKINA NIRYINA ,0'"ONAN 7 ['2 DXNN N¥MUN NAWIN DIIKD 2¥n 757 .0.8

.0TIAYN 912 1IN 1'Rwn? 9Tvw nawin.(Feature initial selection
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Table 10. Low correlation; high d' selected features

:nlp'mn 2 NI MINan N7 7N OXNN DTN ;D'IN2) D')''OXN .10 nYav
# | Name [ Max d' | Average d' | Values Span
1 | deltar | 7.26 5.80 [-2,2]

2 h 6.36 6.36 [0,1]
3 r 6.48 5.08 [0,1]
4 g 4.18 3.92 [0,1]
5[ c1 5.08 4.29 [-1,1]
6 | deltaG | 6.15 5.09 [-2,2]
7] c2 5.32 4.10 [-1,1]
8 B 4.28 4.19 [0,1]
9| c3 3.23 3.23 [1,1]
10 [ RMH | 12.39 9.29 [0,3.14]
11 | deltav [ 5.08 3.96 [-2,2]
12 R 5.91 4.69 [0,1]
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T ANN Ao 5.2
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218'9 1MV .5.2.1
N'n CART ;20% n2'na vo ,80% M'X VO ;277 71axN" DM TOoNn
TS 77102 yxinn .(GDI, Deviance) nn2iw 71¥'97 narmonpn v 1 (P-value 0.294) n"vo'uvo n'71an IN¥m K7
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Table 11. Split criterion comparison
'21'9% DML ' axnwn .11 aav

Movie GDI Deviance
Movie 1 99.85% 99.8%
Movie 2 99.75% 99.9%
Movie 3 99.97% 100%
Movie 4 99.87% 99.8%
Movie 5 99.6% 99.5%
Movie 6 96.2% 96.5%
Movie 7 99.5% 99.4%
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Average 99.2% 99.3%
Std 1.33% 1.24%

yv'? aom 91a.5.2.2

N'' CART ; "Deviance" 'nx'o im0y ;20% na'na vo ,80% [In'X VO ;"7 72axn" DN Ton

‘vxmn) DIVR X7 YY1 TT2 71¥'0 Dy YV 7w (TS) airon n'715' 12 p*niyvnwn 0'w1on (327372812 n710) INvN X7
A10N 112y 0'XIN NN "7 2axn” Apnna 0'Ran 07wn poy P i L,(P-value =0.15 ;3% nmopn ;0.6%

TTIA

Table 12. Single split Vs full tree classification

TTI2 71¥'S DY yVI X'7n YV 12 aRnwn .12 a7ao0

Movie One (feature) Full
Movie 1 99.14% (C1) 99.8%
Movie 2 99.48% (C1) 99.9%
Movie 3 99.93% (g) 100%
Movie 4 99.78% (RMH) | 99.8%
Movie 5 99.60% (C1) 99.5%
Movie 6 93.75% (DeltaR) | 96.5%
Movie 7 99.20% (C1) 99.4%

T Test P value 0.15

[In'X VO 7TIA NYO5wNn .5.2.3

772 71¥'o CART ; "Deviance" '71x'o 1oy ;" 27 2axn" nnim Ton

TS niiw mop TS T NN 0712 )2 772 IR0 ARy 720w 7'on? N1 (£3-3%2613 n720) airon NIXXINN
ANOVA |nanaw 73,0107 N2 077200 NRT DY .(D"KIPK NIIRN 12¥N 112V 1010 NN 78 nT'Yn Ndin Niv)
2xn" niniwn 20% |2 ('R VO I .AI1'0N NIRXIN 7Y V'9wN [IN'RN VO 7TIa D NMYwnn nnnT (P-value 0.257)
MIXNN 2¥N 112Y DATIN YT 21'02 ndINd N71d' Ay 2.81%-7 niwn n712a1 88.7%-7 yxmnn TS 1T nnio "7
.TS 60% ny Movie6-1 TS 76% ny Movie7 :n"9'¥o0n

Table 13. Changing training size ANOVA analysis
NINWN [IN'X Vo 7TIAa May ANOVA [nan .13 a'lav
SUMMARY

Groups Average Variance

80% 98.7% 0.05%
60% 97.1% 0.23%
40% 95.6% 0.65%
20% 88.7% 2.81%

ANOVA single factor

Source of Variation SS df MS F P-value
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Between Groups 0.040 3.000 0.013 1.435 0.26
Within Groups 0.224 24.000 0.009
Total 0.264 27.000
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.19'¥90 MIXN

?nipon X7 N1 .(NmMiwn 24,000) 80%-n N11n2 71TA (AR VO K'¥NNY? NI7PA [N NIPNIN Avan 1y .3

NINWN [IN'X V07 Alron 7T NIwa.5.2.4

T2 '21¥'0 CART ;"Deviance" ;20% n1'na vo ,80% [In'x VO ;227 AXN" DRIN Ton

TS 7 |2 D'w19nN Yxinn .yTn 7¢ 01w 0'uo nwnan airoa (P-value 0.99) n'71an ixym X7 ANOVA |nana
XXM (T272 N'NTI7 NaN) 2.2% 7w Rntopn wion L(34-A7sl4 n'7a) niknn faxn ' iy 0.92% v iy

.DeltaR |"oxn niy¥nxa yxann ainto 12,6 jlvnoa

Table 14. TS for different training sets

NINWN [IN'X VO N1 TS T NRNYA .14 A'7av

Feature(movie) 1 2 3 4 5 TS Delta
C1(Movie 1) 98.5% | 99% 99% 99% | 99.1% | 0.68%
C1(Movie 2) 99.4% | 98.8% | 98.4% | 98.7% | 98.6% | 0.97%

g(Movie 3) 99.9% | 99% | 98.8% | 99% | 98.9% | 1.12%

RMH(Movie 4) | 99.7% | 99% | 98.8% | 99% 99% 0.93%
C1(Movie 5) 99.6% | 99.6% | 99.4% | 99.6% | 99.5% | 0.20%

deltaR(Movie 6) | 93.7% | 94% 92% | 91.9% | 92.9% | 2.20%
C1(Movie 7) 99.2% | 99% 99% 99% | 98.8% | 0.33%

Average 98.6% | 98.4% | 98% 98% | 98.1% | 0.92%
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'NOPX WYY airon 71m niwan .5.2.5
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Table 15. "TS loss" due to noise integration ; Natural illumination

N'Yav MIXN ;*KIPX WY Nooin X7 "TS loss" T1a ndaya .15 a7a0

Feature(movie) | 1% noise | 10% noise | 20% noise | 30% noise
8 C1(Movie 1) 0% 1.6% 3% 4.5%
§ C1(Movie 2) 0% 0.1% 1.6% 3.1%
£ g(Movie 3) 0% 0.4% 0.9% 1.9%
= | RMH(Movie 4) 0% 0.1% 1.1% 2%
% average 0% 0.5% 1.7% 2.9%
z STD 0% 0.7% 0.9% 1.2%
P-value 0.391 0.188 0.036 0.017

1010 MW TS loss 16%) n'an1a wya 10% 27'w AINKT 12 21'02 N'NIYVAYA DT NRYNI INMIDKR'M NN .2
nEnam AT v yaaxn X7 anm T jnan nxt oy .wyd 30% 1y nnwna 18.93% 7w n'ikntopn nxaw (6

.(P-value 0.067) 10%-n [ujn Wy 112 210NN 'WIX' 2

Table 16. "TS loss" due to noise integration ; artificial illumination

NNRXYN ANMIND ;'RIPR WYY Nooln N7 "TS loss" TT1a ndaya .16 a7a0

° Feature(movie) | 1% noise | 10% noise | 20% noise | 30% noise
§ C1(Movie 5) 0% 6.4% 15.5% 18.9%
£ | deltaR(Movie 6) 0% 15.9% 13.8% 15.6%
E C1(Movie 7) 0.05% 7.8% 14.9% 18.7%
S| average 0.02% 10% 14.7% 17.7%
g STD 0.03% 5.1% 0.9% 1.8%
P-value 0.423 0.067 0 0

RN WYN-Nngon
N7V Wy NN 733 Nnaoa (TS 1m) aron N7t .1

‘ 'MIDKR7A NIRN YI'0] DATIN U'I'YJA'7W A'0 N71D'2 NI NNAID WY1 Nvoin. .2

0 W "'YY niwan .5.2.6
772 "1x'o CART ;"Deviance" ;20% na'na vo ,80% [In'X VO ;" 17" 7axn" DN Ton

"TS loss" 7Tn 7y nyswn
A7a817 n720) NIXNN fa¥n 73 1y (V7NN WA) 772 NTvoN TINKY 733 YW onta w1 "TS loss” TTa Ny

My D Mywnn N N7 (0o 0% -1 NINWN n"Vo NN 12 NIPNIN DXRIWD) At T (pan - D 9"y (37
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Table 17."TS loss" due to TH deviation
90 7wa 'n'w iy "TS loss" Tm nd>n .17 ahav

movie -10% -5% -2% -1% TS 0% 1% 2% 5% 10%
C1(Movie 1) 49.57% | 36.10% | 2.66% | 0.51% | 99.14% | 0.59% | 1.87% | 18.18% | 49.55%
C1(Movie 2) 49.42% | 36.33% | 0.62% | 0.07% | 99.48% | 0.33% | 2.98% | 23.78% | 49.74%
g(Movie 3) 49.97% | 49.97% | 7.17% | 0.78% | 99.93% | 2.02% | 6.39% | 25.35% | 41.86%
RMH(Movie 4) | 49.89% | 0.00% | 0.00% | 0.00% | 99.78% | 0.00% | 0.00% | 0.03% | 0.03%
C1(Movie 5) 49.80% | 45.30% | 5.27% | 0.30% | 99.60% | 0.15% | 0.18% | 18.19% | 49.82%
deltaR(Movie 6) | 46.49% | 46.15% | 21.96% | 9.67% | 93.75% | 4.34% | 5.58% | 7.45% | 45.48%
C1(Movie 7) 49.60% | 41.53% | 4.92% | 0.03% | 99.20% | 0.60% | 1.66% | 19.99% | 49.60%
P Value 0.000 0.001 0.067 | 0.278 0.894 | 0.457 | 0.004 0.001

ANIAYN TN 7V nyOwn
219N 0N WNXR TTAA NIN'DY DA DION XY TTNA 7172 D N7an ARAWN TN 7V 0N W 'N'Y NYSWN NINA
no0 nm) DY D'1ONA 1WA 0N W 'I'UN DRXIND AXAWN CTTNA 1'wY nnaiT narkn 38-/%asl8 nay

—_—— =

.(mxxinn Ny 8:210.2

Table 18. FP/FN rate due to TH deviation

90 W '"1'Y INXY? AX'awn TN .18 aav

movie Errorrate | -10% -5% -2% -1% 0% 1% 2% 5% 10%
. FP 100% 73% 7% 2% 1% 0% 0% 0% 0%
C1(Movie 1)
FN 0% 0% 0% 0% 1% 3% 5% 38% 100%
. FP 0% 0% 0% 0% 0% 4% 13% 51% 84%
g(Movie 3)
FN 100% 100% 14% 2% 0% 0% 0% 0% 0%

.g-1 C1 n21"'oxn 112y NYSINN DR N'RIT'EIRNNIE 90N W '11'w7 FP TTn 7w 2 ontn Nk ankn 39-34x39 i
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Figure 39. FP error rate due to TH deviation

FP TTn 7w fon 1wa avvon nyswa .39 WX

FN 702 2m% Aank voxn 1y Tiva FP TTna 71ma7 nnan qon W W NN ntoo D XXM RPN [1ONN 1Y
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I

.(g |"oxn) ' nyol (C1 |"oxn) 78nwa nyo ny'om (71nd
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Figure 40. Features g (a) & C1 (b) distribution
C1(b) & g (2) n1a'oxn nia7ona .40 WX

wap' (7Rnwn IX 'mm "72ag" DIy IT') 191¥90 |1oNNI oN 1Y 7w (NN IX 1Y) nrovon n'o 21w D yam

| 4977119 n7au, naNmn nyainn nirpin,(FN,FP) nxaawn «11a nin'e/71ma

Table 19. FP/FN regularity

AXAWA TN NInte/71Ta nrin .19 ahao

+ [+

Q0N 1WA 'N'Y NIYIAN-Nigon

MIRNN 1axn 93 1y (V7NmM 1) 712 ntoN TINKY 733 NN DNMIRRD W airon N7 N .1
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Figure 41. h(a) & RMH(b) features TH deviation distribution
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U aveage=0.5%) 09X7 NaNp n"0VO N7NIN NXXNY D'VN'ON DA'OXNN 1A "pDronto” naroxn L1

N'"Y0Y7 NIAVYNN NINANONN |2 D'WI9NNI (2Omax=20 ; 0.34%Average=0.09%) NN N"Vo NIV ,(HUmax=1.6%

26772820 n7a0;0on'oxN D1'arn? nron' 0Ly ("Positive/Negative Deviation Pr”)n**2wini narn

Table

20. Features TH deviation distribution parameters

0 7 n*vo nn*Tn .20 710

31.3% 31.3% -0.03% 0.03% 0.34%

48% 15.7% -0.09% 0.09% 0.01%

L 52% 15.4% -0.12% 0.12% 0.01%
E 25% 23.5% 0.33% 0.33% 0.02%
IS 29% 43% 1.06% 1.06% 0.05%
@ 24% 66% 1.61% 1.61% 0.08%
max 52% 66% 1.60% 0.34%
average 35% 32.5% 0.5% 0.09%

n'on' NN (V7NM )1) N"VO N7NIN XXM D'MUAN'OXN D1"OXAN 1Y "prvn'ox” DaeXn .2

07120 o'l (20max=20 ;1.12%average=0.84%) n'on' Nniax n*vo NIY ,(Uma=15.15%; Haverage=12.76%)
23773821 n7ay, ;" Negative Deviation Pr" -1 "Positive Deviation Pr” 1y 2 o'y

Asymmetric

Table 21. Asymmetric features TH deviation distribution parameters

D'IUVN'ON D'1"'ONN 11AY 0N 1 Vo NN'Th .21 aYav

0% 10.14% 10.14% 1.21%

6% 94% 12.98% 12.98% 0.66%

94.8% 4% -15.15% 15.15% 0.66%

max 94.8% 94% 15.15% 1.21%
average 33.6% 62% 12.76% 0.84%

qo0n W N"VOY D1'"OXN NIV

7 nritn? nartoxnn (Feature Sensitivity) "niwan"a nnMa nanan NN 0MIVA'ORNI D'IVNA'ON DI"OXRNN |2

N'7NN'0PNN NIYAIN .0MuNn'oX 019N 15.6% nniw? 3% 1'n DLVN'0 D'ONNYT NIYATN YXINA 90N

Ry’ R |"oxn .0'montox 01''oxn 11y (RMH jroxn) 26% nniv7 (DeltaR |"'oxn) 4% n1'n D*vun'o 01''oxXna

(22772822 n720) 3% Nn'on' NdINI NIY'AN DY D'MIVN'ORN NXIAA 91T
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Table 22. Features sensitivity to TH deviation

90N W N"'voY? D1"OXRN MY .22 a7av

2.54% 0.30%
2.72% 0.21%
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[ | DeltaR 3.95% 0.23%
DeltaG 3.80% 0.13%

h 3.30% 0.30%

c2 1.44% 0.02%
max 3.95% 0.30%
average 2.96% 0.20%
£ g 17.73% 0.54%
o R 3.01% 0.23%
EIRVWH | 2599% 1.04%
> max 25.99% 1.04%
< | average | 15.58% 0.60%

.00 1Y NTITNY? DI"9NNN NIYANL 2AWNNN X7 N07NNN YV ,211'07 D"OSXN N1'NA Nya
ov? NNNN N ["oxnn Nivan .CART DNNIAZR NNIX NTNY 19D ,A11'0N 7R'X1019 170 '97 D1'OXNN DININN
YV 7Tm T 2y .0 "oxn 1IN Movie 1 nIXN ax¥n 1y RnAT? 9 (DTN WATIN NYRN'TM DY) [1ORNN
Axw o1 (0.019) Jman niwtnn yximn ro1oNnY D 121 NIYAIN NAN2 TIVa LAon N7 'wmn ,nunnn
.0nvoNNN

Table 23. CART ordered features selection and sensitivity

1"oxnn nmiwaal CART "'y pi'oxnn n1'na 170 .23 n'710

Movie | 1st 2 3rd 4th 5th
1 deltaR C1 RMH | deltaG r
0.051 | 0.023 | 0.350 | 0.031 | 0.019
P C1 deltaR | RMH r h
0.016 | 0.030 | 0.310 | 0.032 | 0.041
3 g RMH Cl | deltaG | deltaR
0.181 | 0.039 | 0.048 | 0.027 | 0.064
4 RMH C1 g deltaR | deltaG
0.139 | 0.049 | 0.148 | 0.068 | 0.035
5 C1 deltaR h g deltaG
0.025 | 0.019 | 0.040 | 0.203 | 0.059
6 deltaR C1l h RMH R
0.035 | 0.013 | 0.039 | 0.462 | 0.030
7 C1 deltaR h c2 r
0.016 | 0.009 | 0.021 | 0.014 | 0.016

ANIAYN TN 7Y 0 1 1YY 19NN NIYIAN NYSYN
"Positive/False Negative change" nx'awn 'TTna Da X¥N1 "UN'0 'N'Y :0'"™ULN'o D'1'oNn .1
|07 NI7NIM 2 wI9N D TTAN W 1w anT (V7NM 1Y) NYXIMN 1002 131 NMVA'oN NIATONNT V1 (24

JTTX TN 'R Ntvon 1o D nTawal (DeltaG "oxn 112y 1.49% nmr'opn) n'ont

Table 24. Symmetric features FP change (a), FN change (b) error rate measures

D'I0N'0 DIF'ONN T2V oD 1 NFUON ARXIND AXAVA 'TTNM ''Y .24 A0

r -0.67% -0.11% 0.56%
C1 -0.88% -0.24% 0.63%
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DeltaR’ -1.15% -0.31% 0.83%
DeltaG 0.25% -1.24% 1.49%

h -0.34% -0.94% 0.60%

Cc2 0.12% -0.52% 0.63%
Absolute max 1.15% 1.24% 1.49%
Absolute average 0.57% 0.56% 0.79%
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TH deviatior:

Figure 42. FP change (a), FN change (b) error rate measures for feature DeltaG

DeltaG |"oxn 112y 10N 1 N"VON ARXIND AXAYA 'TTN 'N'wUA .42 IR

"Positive/False Negative change" nxawn 'TTna DA X¥N1 '"UN'OX 'II'Y :D'MUN'OX D''ONN .2
D'MUN'ON DIUONN7 N'ON' NNIAA N'RN'OPN N"LOA 111 NMUN'ORN NIA7ONNY7 v (2577825

jn'o " nTawal (RMH #oxn Nay 3.34% nvvo ninam) 7m nvvo n7nim wion L(FP 3.11%, FN 4.33%)
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Table 25. Asymmetric features FP change (a), FN change (b) error rate measures

D"IUN'ON D'2MOXN Y G0N 1Y N'VON ANXIND AN'AYA 'TTN ''w .25 a'a0

g -3.11% 0.35% 3.46%

R 1.10% -2.23% 3.34%

RMH 0.40% -4.33% 4.73%
Absolute max 3.11% 4.33% 4.73%
Absolute average 1.54% 2.30% 3.84%
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Figure 43. FP change (a), FN change (b) error rate measures for feature g

g |"'oxn 12y qon 1 nrvon arximd (b) FN 11 (a) FP 71oa m'wa .43 X
‘ ‘90N 7Y N"'VOo_-Nhjon
nNNIY - NN 'MY? DN Davexan DX Npgtnn P(bin) fon 7w Yw atvon nvtn A
‘ -(P-value 0.19) ny) 09xN 7Y 2120 NVA'OX N''VO DY D*'ORNI NMIVN'0 N'"VO DY D1"'OXRN {P-valie-0-19)
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montox 91X (FP,FN) nxawn 'TTan TNRA NIN'D IR 71T W'D 0N 7Y 7¢ N'un'ox n'uo
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AN R7M ARAY naain va (" aw” ) FN

nu7nn YV? nin1 190on .5.3.2
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Table 26. R(a); Minimal cost complexity pruning

NN T 9% Yyn nn'op .26 a'av

alpha | R(a) 1 Level | R(a) 2 Level | R(a) 3 Level
Movie 1 | 0.016 0.025 0.054 0.114
Movie 2 | 0.043 0.057 0.132 0.303
Movie 3 | 0.021 0.033 0.068 0.152
Movie 4 | 0.016 0.027 0.048 0.111
Movie 5 | 0.024 0.027 0.073 0.168
Movie 6 | 0.012 0.089 0.101 0.136
Movie 7 | 0.058 0.068 0.180 0.408
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.(Mmxnna P.value 0.247, 0.165) n'w*7w7 NnIIURY NN 2 X7 17'9K1

DMI9'WA 'NaNY N1 L(D1U9RNn NWITW? Dvoxn X n) NMw N7 NIIWKRY Andn 1ayvna L7w7 msn Oy
61.7%- 7w 9'w Movie3 1iayil ,81.8%-87.4% 1o'w Movie4d 1Ay :n'mion Dnivoa TS TTna n'niynwn
N'7ann niaann nRmnn 1oona o .(0.8% nmropn 7w TS T2 0'nar 0'71an M1 01v1oN kvwa) .83.4%

(9w 77.3%) 1271 5 7 22 n nux Niamnn 1901 WK NI MY? NNK NN 12yna 'Mivnun o'y

AD'YUNYW D TIKN DIV D'YIDN IRXNI] (D'J"DN)’J nyaw? n4avoNn nw'wn) nwhYl My o I'2 Nayna

DI>'0 NKNN 27773827 n710,.1.5% 7w iy na1010n 975 1y u9'wn vximni L1 100102 6%  Kin *7xnropnn
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.NN7 NN 12YNa NIANNN NIRIMNN 190021 TS 7T N19'Wn Y
Table 27. Tree depth TS comparison

NNV yy NinY ay TS T 2 axnwn .27 aao

Movie 1 Level | 2 Level | 3 Level | Improve | Improve
TS TS TS 1-2 2-3
Movie 1 0.834 0.834 0.886 0.00% 6.24%
Movie 2 0.943 0.941 0.940 -0.28% | -0.10%
Movie 3 0.617 0.834 0.848 | 35.32% | 1.67%
Movie 4 0.818 0.874 0.889 6.81% 1.71%
Movie 5 0.922 0.927 0.920 0.50% -0.68%
Movie 6 0.892 0.899 0.899 0.82% -0.01%
Movie 7 0.932 0.925 0.930 -0.73% 0.63%
Number of nodes 1 3 7 66% 57%
number of exception 22 5 3 77.27% | 40.00%

YV? ninn 190on-nnjon

21¥'9) MWK NN N07NN YV A7 niovTva v "Minimal cost complexity pruning” nu7nnn yy nn'op nowa .1
(T2
.MIXNN XN 775 112y NN NWIRY 7w 2i'on N7 znam 710 Xxn X7
NNINNN 1901 NX WAl D'9'¥90 NIXN 'A¥A 1AV 20NN N7ID' XK 19WN 1NN 1aynl 0DNYA NS0IN
.NMYY7 NIIYRY 1NN 12N AYIin NN NIVAYNN 9N NINnn

T DT Ay N o'knn? 121 i nnna CART yy 4

11U D'VSIY 190N - "Judges Vote" .5.3.3

NN NN NISI7N wnn 1wap "niann” nnmn soni (MIKN axn A nw) TS 7m |pn nvo ,TS T yxmn
‘ .(287%2128 n71u) niMwox nninn 14

Table 28. "Judges Vote" five superior variations

"Judges Vote" NL'W 1Ay NN NISITN .28 a0
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number of exceptions | 7 11 8 10 6
Average 09 | 091|092 |091| 0.9
std 0.04 | 0.02 | 0.01 | 0.02 | 0.02
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Figure 44. Best methods comparison

Ao NIy Niv'Yy 12 ARnNwA 441
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Table 29. Best methods comparison

a11ro? NI9TY NIV'WY "2 ARNYA .29 2710

2/2 2/3 3/4 | 2 Level

Average | 90.3% | 91.4% | 92% 89%
std 4.13% | 2.07% | 1.57% | 4.42%

P-value | 0.20 0.60 0.13
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Figure 45. White Noise "TS loss"
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Table 30. "TS Gain" integrating average filter; variation 2/3
2/3 no1'7n ;yixm 1079 AW I “TS Gain” TTm v'w .30 n7av

onoise 0.000 0.010 0.020 0.050 0.100

Movie 1 0.13% 16.77% 18.02% 16.37% 13.32%
Movie 2 0.19% 18.14% 20.25% 18.87% 15.67%
Movie 3 0.11% 18.02% 18.49% 14.12% 9.41%
Movie 4 0.14% 20.03% 21.44% 17.42% 12.31%
Movie 5 0.12% 19.15% 19.58% 16.50% 12.50%
Movie 6 0.56% 17.87% 18.03% 14.92% 11.40%
Movie 7 0.28% 18.22% 19.22% 16.79% 13.31%

Average "TS Gain" 0.22% 18.31% 19.29% 16.43% 12.56%

( Formatted: Font: Arial ) ‘uun nm Ny L(3:-A%631 n7a0) vivn 09 AW Ny TS Gain” T a'w axxna 3/4 naivm (2)
,6 11070 ; 24.2% nm'ojm .AnxnNNA 20,21,18,14% 2w yxinn N9'w (Heise=0, Cnoise= 0.01, 0.02, 0.05 & 0.1)
WY1 2% 1y
Table 31. "TS Gain" integrating average filter; variation 3/4
3/4 nor'7n ;yixm 079 A'w ay “TS Gain” TTm v'w .31 n7av
onoise 0.000 0.010 0.020 0.050 0.100
Movie 1 0.12% 18.41% 18.65% 15.66% 12.41%
Movie 2 0.19% 18.06% 20.14% 18.94% 15.64%
Movie 3 0.07% 23.10% 23.07% 18.32% 13.50%
Movie 4 0.09% 20.42% 21.98% 18.68% 14.09%
Movie 5 0.12% 20.15% 21.51% 18.94% 14.81%
Movie 6 0.27% 23.34% 24.19% 19.57% 14.23%
Movie 7 0.21% 16.67% 17.50% 14.60% 10.76%
Average "TS Gain" 0.15% 20.02% 21.01% 17.82% 13.64%
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Figure 46. Integrating average filter & IP procedures; 3/4 variation; Movie 2

movie 2 nIXN a¥n ;3/4 291N ;WYY NNN9AY7 MINN TIA'YY? DNTXNS AW .46 IR

X7 mmnn 7nn 151 9 (3/4 ,2/3) 01NN DTN WA WYA NN 791 [naix TS Gain” Tta yximn 1oy

Onoise=0.1 wyn 112y ,17.11%1 24.53% 7w 219w 1 ,("nknina 3/4 ,2/3 nisin 12y 0.94% 1.11%) nwyain

[ A2 X NI0Y :Commented [Yszs]] ! (32772632 nvav)
[Formatted: Font: Arial ]

Table 32."TS Gain" integrating average filter and image processing procedures

MINN TI'WY? NNITXNSI VI 070 A7y Ny " TS Gain” 71na 1io'w .32 a7

Onoise 0.00 0.01 0.02 0.05 0.10
Filter 0.22% | 18.31% | 19.29% | 16.43% | 12.56%
£ Filter & IP 1.33% | 26.51% | 32.39% | 37.43% | 37.09%
TS Improvement | 1.11% | 8.19% | 13.10% | 21.00% | 24.53%
Filter 0.15% | 20.02% | 21.01% | 17.82% | 13.64%
% Filter & IP 1.09% | 28.14% | 34.00% | 36.82% | 30.74%

TS Improvement | 0.94% | 8.12% | 12.99% | 19.00% | 17.11%
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Figure 47."TS Gain" integrating average filter and image processing procedures
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Figure 48. Semi / Full automatic Data acquisition TS comparison
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Figure 50. TS comparison for changing number of training set; artificial luminance
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[22] Feature fitness = X1(TS)+ X2(Noise sensitivity)+ X3 (TH deviation sensitivity)+ X4 (FN change)+ ...
X5(FP change)+ Xe (d' after CLT)

Where: TS & d' are based on real time training set data; Xi are constant number representing variables weights
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The ID3 algorithm can be summarized as follows:

1. Take all unused attributes and count their entropy concerning test samples
2. Choose attribute for which entropy is minimum (or, equivalently, information gain is maximum)

3. Make node containing that attribute
The algorithm is as follows:

ID3 (Examples, Target_Attribute, Attributes)

= Create a root node for the tree

= If all examples are positive, Return the single-node tree Root, with label = +.

= If all examples are negative, Return the single-node tree Root, with label = -.

= If number of predicting attributes is empty, then Return the single node tree Root, with label = most
common value of the target attribute in the examples.
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= Otherwise Begin
= A =The Attribute that best classifies examples.
= Decision Tree attribute for Root = A.
= For each possible value, vi, of A,
» Add a new tree branch below Root, corresponding to the test A = vi.
= Let Examples(vi) be the subset of examples that have the value v; for A
= If Examples(vi) is empty
= Then below this new branch add a leaf node with label = most common target value in the
examples
= Else below this new branch add the subtree ID3 (Examples(vi), Target_Attribute, Attributes —
{Ah
= End

= Return Root

Abstract

N'721X2 N2V 117 )Y INENN
An adaptive path classification algorithm for a pepper greenhouse sprayer working under variable

outdoor lighting conditions is described. RGB video stream, sampled at different light intensities and sun

perspective was used to simulate sprayer movement (1m/sec) in a commercial pepper greenhouse. RGB
data was transformed to uncorrelated, high soil-leafage discrimination color representation,
characterizing each pixel with 12 different color features. ‘Judges Vote’, a supervised learning
methodology based on decision tree CART, was developed to classify pixels into "Path" and "Non-Path"
‘ classes, according to their color features. task-envirenment-Oeptimal features and thresholds selection
was achieved by using RGB data, acquired at sprayer initial position, to train the classification algorithm.
following classification, image processing routines (including segmentation, erosion and dilution) were
integrated resulting a single binary object representing segmented path. Ssystem performance was
evaluatedien—was—achieved—by creating a test set constructed from 50 random individual frames
segmented from each video. frames represented random camera orientation relatively to the path
‘direction between parallel to tangent. Sealgerithm-parameters-sensitivity analysei_includeds {number of
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features, training set size, split criteria, threshold deviation, white noise effect} and automatic data
acquisition-were-examined-and-evaluated. Classification tests for seven random daylight videos resulted
an-average-ofin 92% correct average detection as compared to 89% correct classification obtained with
regular CART classification.

Add performance measures.....
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