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Data obtained at 2015-09-28 17:45
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<Z1¥> An image in the color spaces
RGB and HSV



Learning Data and Margin

<1¥> Example of computed margin in

the linear case

<Z1¥> Some images and the associated ground truth used for the

learning and recognition steps
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multilayered perceptron (MLP) artificial neural
network (adapted from StatSoft, 2002)
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<¥> Correlation between predicted and measured threshing losses for
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<1¥> RMSE scree plot of SPA operated based on the full range spectra for
TSS (a) and pH (b).
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<Z13¥> Predicted vs. reference values of TSS (a) and pH (b) of mulberry fruits by
SPA-MLR model. The intercept and slope of fitted line in (a) were 4.5205 and
0.6297, respectively. The intercept and slope of fitted line in (b) were 0.4897 and
0.0534, respectively.

A2 TE= Ashe AFAAA AATE 97 A3 & Al 2H
Razmjooy,2011). o]v] A& & 53} HSVE &3 w4 S AAST & ojuxe EAHS
ZZ3}o] MLP, Radial Basis Function networks, SVMo] A3t &S & Bo 943k
BEE77) MYHEE A& 0w A% A% @A oA MLP, Radial Basis Function
networks 2t} SVMo] ] &2 H5& HAF

[>

o

Aokl H(Navid

(a) (b)

<Z13> (a) image after morphological operations (b) segmented image.
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{19 Prediction results for the validation sets. The figure shows

the correlation between NIRS predicted and reference values for

vitamin C (A), total polyphenol (B) and sugar (C) content obtained
using the LS-SVM models.
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<{1¥> Comparison of vitamin C content obtained
using NIRS and HPLC (reference) methods on nine
selected varieties in 2006.
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<Z1¥> Histogram of 3-channel RGB image of grapes (Vitis labrusca).
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<Z1¥> The best Topology of a fully connected four-layered
MLP network for estimation of seed corn yield.
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<21%> Diagram of the computer vision
system used to acquire the hyperspectral
images.
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{1¥> Segmented image in comparison to the one obtained at
900 nm.
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<1¥> Example of RGB and monochromatic images of a
mango sample captured at certain wavelengths.
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<Z1¥> Visual classification of mechanical fruit damage 24 hours

after harvesting (Jiménez-Jiménez et al2l).
Insect Frost Hail Sunburn Scab
<219¥> Common causes of external damage and blemishes of olives.
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<Z1¥> Scatter plot displaying between fruit firmness and input

dataset.
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<2¥> Views of a tomato on the stem side (on the left) and on the
front side (on the right).
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) MOC ol oy iain By, Protection
| senor 2F | Weather Stafion | B¢ E& 42 25 55
ESS| Py Panel [ AlphaRel We [ SCM 10wA - SHETE 10w, 12v FE2
i Li-FePod Battery AlphaRel wa Prizmatic 35 250W {128V, 204}
Weather Station| o2 7I8EE AlphaRel W |
. 9 FFAAY YHL Wol UA LS shm BASE R PV B B 95 ofg
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<{3£> AlphaCon Spec.
= = EY = AWTE| |- LCD Screen v Hj 1 -
AlphaCon G/W, Web Server
Y= iRt CAM RI45 Main B'D via RJ45 Cable 2 CAM Conn on Main E'D {1 for board test)
Ethernet RJ45 Main B'D via RJ4S Cable | [T
| Cable Conn {3 pin) SMPS vis 2 wire cables AC220V Input
| Power ON/OFF 570 AlphaBatt
| Camera Main BD |
) - il
Msin 8D {AlphaCon) AlphaRel Mp_ha&er'.. CAM (MIPI, Ser.al.}. DC/DCEY, 3.3V), Charger,
AlphsStation LiSBx4, HOMI
VRN LoRa - Main BT via on-
=RV LoRa, Wi-Fi
' - board corn 6%y | | - 9 _Ra.
Compute Module Main B'D via DDR2 SCDIMM Acore B4bit BCM2837, 1GH, 4GB Flash ROM
1} Cable Conn for AC220
SMPS - D12V e
2} AlphaBatt (Battery
Charger BT) far 12V output
{H7) SEYRG STUE) T
AlphaRel A - QK
= Main B'D / HDMI {Display), AlphaRel B - Mone )
D 77 TFT w/ Touch
splay USB {Touch) interface AlphaRel € : 0K W/ Touen screen
AlphaSen - T30C, HB5%, EC xx Co2 xx
AlphaStation ; Battery 100%
1) SMPS for DC12V input Input from SMPS, Cutput to Main b'd
AlphaBatt Battery Charger 2) Power /W for ONJOFF - Battery Charging control Fuel Gauege, Cell

2) VBC out for Main B'D
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AlphaCon Button

LD === HE

Main BT

b2 e e |

AA F

7 A=

o]

A A} 9]
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wh) £ZEd O] A7)

o AlphaFarme] u]|E¢e] & Autls AT Eg s e o] A 37t =2 vdth
- AlphaCon (ARM core) : OS BIOS, &7&41 S/W, Web A, ModeW 2= Z=2EZF, ©o|H
2A, 74 4 SIW &
- AlphaRel Main (STM32 core)
v WiFi, LoRa, RS485, 12C5 %4 BAFA & AE#H o]~
v' Serial CAM, Battery, LCD 5 FWH#AX 944 S/W
v AlphaCon¥} AlphaRel 3 AlphaSen & & AX] 19| dlolH 54 =233
- AlphaRel A, B, C, S, W (ATmega)
v A, B, C =& Firmware : 28 34 F =4, 234G 2 FEA0 §/W
v S, W HE§ Firmware : AlA2] o2 WF FE OALES 3= 23, v g
FH EYEE 3 S8 Al T
Weather Station Status
Address | Siza Fumction Deascription giE[oefan]azf e [ew] s Jee[av [ ae[es[ea[asfac] el
Board # (== 77} 3 Ficad]
el 2 Tty Ty 1 : Waather station avantiraport 1
0 : Aaport on neguest a
D022 2 Board 1D 16 it unigua whather station board ID
[eEarE] i Drata Yaar { = 2010} [ Manth [ Day
iz z Tima (H:M) Heur [ Minuta
025 z Tima {SmsS) Sacond [ Mili Sacond
Qw2028 2 2z calicius Sign 2 3= 10 =5E 13
00T 2 == B S gt =10 (=X 1xE])
(hed0ZE 2 BT dagraa {0 - 355 Eg
D029 ] E= mis & of * 10 (=4H 1Fa])
024 2 TaE mim Thpuf bt 10 e 1R
o | o T
mome |z W O
Batrary Laval
1
Be0nzD 2 Powar Status L
- {Waathar station)
1 : Battary chargmg 1
1 : Battary powanad 1
1 - Main powanad 1
hed02E 2 Gataway 1T Parant gataway i0 16 bit unigua gataway 1D
02F 2 Locatizn 'ff:f: = et | e
Sensor Status (Y sensor board, YY == (1 ~ 32))
Address | Siza Function Dascription s mafanaf etz e [em[as[ea [ e7 [ e[ es[aa[ a3z a1 ] @
Soard # (==ZT) Board numbar {1 - 33
Y21 z Diata Typa ;
a
Y'Y 22 2 Board 1D 18 bit unigud sansor board ID
VY23 i Data ‘aar { = 2010 [ Menth [ Day
ey 24 z Tima (H:M) Hazu Minuta
YV 25 2 Tma {mi) Sacond Mili Sacond
ey 26 z 2c calcius Sign 2 g0 aE 1RE)
YT 2 == ke S5 gt 10 e 15E)
ey 28 2 HE EQ d5/m E 2 * 1000 =4F 3EE])
Gy 29 2 =0 SET  [® VW SEEF I 10 {=eT 1R
ey 24 2 =ENHY 2 |caicus Sign 2 g =10 =eH 1xtE)
vy 2R H Hold B |caicius Sign 2 Z e 0iaeE1xa)
I I I
Battary charga kaval Battary Laval
1- <5 1
el o 1 - «33V B 1
VY D 3 I _quf - Jsl
et rre—— charging 1
1 - Battary vanad 1
1 : Main powanad 1
YV IT 2 Gataway T Famant gataway 1T 16 bit uniqua gateway D
e : ot Location # Location # |
Location iD | Location ID
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<{3> AlphaCon2 Spec.

=

"B "CERL g e -

BglE3 A CAN RJ45 Main B'D via RJ45 Cable 2 CAN Conn on Main B'D
Ethernet Rj45 Main B'D via RJ45 Cabls et
Power Conn Power jack DC 18V input
Cabls conn (20 Pin) 20 wire Cable PIE HH ZTE
RS5—485 Conn 3 wire Cable RS—485 input
7| = Board Powe ON/OFF S/W AlphaBatt
Camera Camera — Main B'D
Y ; CAM(MIPI, Serial), DC/DC(5v, 3.3V),
{Aloh ] Re ;) :
Main B'D{AlphaCon AlphaRsl Main Charger. USBx4., HDMI
Lora— Main B'D, Wifi, .
S 2 A —Fi
THsd Blustoath kA
Compute Module Main B'D via DDR2 SODiMM |3c0re 64Bit BCM2837. 1GB. 4GB
Flash ROM
s Main B'D / HDMI{Display), Rt R -
Display USB(Touch) Intsrfacs 7" TFT w/Touch screen
AlphaBatt Battery Charger Adater DC19V input Battery Charging control
AphaCon Button |LCD +=SZZEH HE Main B'D FH/ M EH MY FH A
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O 7 &

. B PortE AT & 9= Isolator 715S 718 (9 16, 948 167) L E)
o X 19V olFHE A&l W d @A 2w s

o A AA 9 SHA3 ¢ Wr]Es 98 Hi-Box® A&t

o HYHF AHE AT HALF AojHe ¢ WA 3

* RS-485 7|5< &3l FAA HRE 1 753

e STM32 B}Ro AZE9 o 7% /MAE 93] FirmwareE A AA g

o AIHE T+ lﬂ‘r% Azt AEAS JRE AT

o ThFSH AlA AH D AAHRE FHo=E HAFsta F LEE Ao /Mg

2 7] %/‘]'oo]:
<{3%£> AlphaRel_M2 Spec.
|alphaRel2 |Sensor 2 & 72t 0l0| K| £&, Moteor & Valve controlier
xs - ] By o 2 A&k - R v
=9 Hxt CAN RJ45 Main B'D via RJ45 Cable 2 CAN Conn on Main B'D
Power Conn Bower jack DC 19V input
Cable conn (20 Pin) 20 wire Cable AEHMH ZE
R5—485 Conn 3 wire Cable R5—485 input
7|5 Board Powe ON/OFF 5/W AlphaBatt ar 19V Power
Camera Camera — Main B'D For immage processing
; 32kit STM32{103CFBE, 128KB Flash
) ] : :
Main B'D(AlphaRelz) AlphaCon 12C bus{Co?2 Senser. Weather Staticn)
Lora— Main B'D via on— .
SHEA s . Wi—
e board conn(16pinx2) , Wifi s i
Display 20x4 LCD Bilue Dot Matrix
AlphaBatt Battery Charger Adater DC19V input Battery Charging control
Q) E==

= B (o] [rue]
- .-._._6 - .f | B
e £ O F
| =17 |
rcn || oMo uce aleid e[ Fiaeh
CAM P2 - 1M et
e 00 | = N A5t |
- B FHE
A/ (WAFUBT) ] I eeerrr————
b 4 oz | UARTZ P v
B ¢ W — \/
L‘: /] STM32F1 ™ Ea
g RFM95
r - oo H
Rd | G om I ! e
Rel® ° l |
I -‘ STLINK
- L]
L — UARTY |t
e | RSARS
[ o | GO [Teos
=
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ZhH it = SIW 7

HAL_Initf);
SystemClack_Confingl);
init_gpic,_parts{);

init spi_1);
imit_iZe_1():
imit_woltage sensori);
LORA_ Erable;

IZCEXP _Enable;
'WIFI_Enable;

init_uart T{LART1_BALIDRATE];
init_uart_J{UART2_BALIDRATE);
imit_redBS]];

LED Imitf];
iniit_io_eapander(i;
init_cand);
imit_seepromd);
init_wifH];
imit_camers]|;
init_laraf):

thedk dev_configil:
shart wifi_status(];
imit_redBE{);

imit_cand);
init_seepromil;

Wihile[1)

| |:'merF|ag;1mp | |

+
tirmerFlag 2(10ms)
run_larall;

1
timerFlag 3(50ms)
handle camerall;

+
timerFlag |50ms)
handle_uart 1(};
handle vart 2(}
handle_uart 3}
handle_uart_3_baral);
get_picture])

| |ﬁmrF|aﬁmﬁp | |

| |:'merF|ag;mmp | |
i

start wifi_status(];
HAL_UART_Diedniti&Uart]_Handle):
init_uart_1{LART1_BALDRATE);

send Forall, dest device, CAMERA_DEVICE_ID,
GetPictiers, NULL, O, LORA WAIT_ACK]:
send_can{CAN BMARKER HOST, BROADCAST 1D HI,
CAMERA DEVICE |D, GetPicturs, 0, 0,
engue_can_twjct dest, (uintB ¢ *) Bct_can, B;
write_rs485_buffer(aTxButfer, TABUFFERSIZE):

<Z2¥8> S/W Flowchart
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—a— 2000
14000 | g 14 TOR2001
—e—2002
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12000 T S
| —e—2005
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—e—2010
—e—2011
—e—2012
—e—2013
—a—20158
2000 | 2515
—a—1016

—e— 2017

<E> 7] AFe 7H4 HE(ewrds, @9:10kg, 7H4:)

12000
11,288— 2000
—a— 2001
—— 2002
—e— 2003
—e— 2004
—s— 2005
—— 2005
—e— 2007
—e— 2008
—e— 2008
—e—2010
—s— 2011
—e— 2012
—=— 2013
—e— 2014
2015
—— 2016

— 2017

> 27 TFe 7H4 HE(eH:sF, @9:10kg, 7H4:)
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DEEEREEFR-E
¢ FRELLAEFEZHKAMS)NA FAE B7] @ PLEVREY F8 A%Y 714

=
o
ARE AT HAAR dolHE dugR 2007920179749 A8E FHF

(E> 20149 EnlE AE 9d 714 dE(39:9)

= 18 28 38 48 58 68 78 8& 98 108 | 118 | 128 | «zz
& X | 35400 | 36,820 | 35543 | 32,836 | 23,158 | 15,274 | 14,243 | 15,737 | 23,200 | 24,629 | 21,030 | 23,438 | 25,175
ME | 34,700 | 38,700 | 32,429 | 28,091 | 20,474 | 12,053 | 11,783 | 15,579 | 20,278 | 20,000 | 23,450 | 27,095 | 23,765
EAF | 34,500 | 35,900 | 35476 | 31,182 | 22,684 | 15,579 | 14,000 | 15,684 | 23,556 | 25,190 | 21,500 | 23,143 | 24,918
CH= | 35,600 | 36,100 | 37,000 | 36,182 | 25,368 | 17,263 | 15,304 | 15,895 | 21,889 | 26,238 | 19,800 | 22,143 | 25,831
22~ | 32,400 | 35500 | 36,952 | 34,091 | 22,842 | 15,368 | 15,174 | 15,474 | 24,889 | 26,190 | 18,000 | 20,333 | 24,848
CH& | 39.800 | 37,900 | 35,857 | 34,636 | 24,421 | 16,105 | 14,957 | 16,053 | 25,389 | 25524 | 22,400 | 24,476 | 26,514
45,000
2 -
5000 (u=is
T
15,000
5,000
1 2 3 - 5 B 7 g § 10 11 12
— T i A A 07 ——IF —=0H
<> 20149 EvtE AF A9E 714 \s(E99d)
GE> 20179 EntE AF A9E 74 ds(dEed)
=2 18 28 38 438 58 68 78 8& 98 108 | 11& | 128 | <=z
&Ml | 36,010 | 36,650 | 31,564 | 25,200 | 19,800 - - - - - - - 32,038
A S | 36,000 | 37,000 | 30,136 | 23,350 | 20,000 - - - - - - - 31,310
S AF | 36,800 | 36,950 | 31,091 | 25,450 | 20,000 - - - - - - - 32,238
CH=* | 88,000 | 37,300 | 32,182 | 24,750 | 20,000 - - - - - - - 32,726
2=~ | 32,900 | 35,500 | 32,318 | 24,900 | 19,000 - - - - - - - 31,131
CH& | 36,350 | 36,500 | 32,091 | 27,550 | 20,000 - - - - - - - 32,786
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A

e
50,000 -

Tt —i
FAURLI T

A0 nna
4l
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(]
[%Y]
I
(5]
(=
B |
[
[T=]
[
=1
(=]
[
=
[

1o

—— T —e—A
<I9> 20179 EvIE 3F A /HA WEEe:9D)

B> A= BrtE A5 A9 74 da (o)1)

T2 | 18 28 38 43 53 62 73 8& 98 | 10& | 118 | 128 | @2
2007 | 20,991 28,168 | 29,143 | 27,267 | 18,905 | 11,340 | 11,705 | 10,973 | 23,071 33,264 | 29,455 | 29,305 | 22,759
2008 | 21,682 | 20.622 | 24,674 | 23,486 | 18,568 | 12,410 | 15,687 | 18,970 | 19,790 | 21,318 | 16,420 | 19,657 | 19,462
2009 | 24,453 | 30,670 | 31,645 | 29,045 | 19,663 | 13,636 | 12,948 | 18,571 21,055 | 18,714 | 17,305 | 23,533 | 21,693
2010 | 27,820 | 27,926 | 31,109 | 32,227 | 28,263 | 19,038 | 19,009 | 21,009 | 34,537 | 46,848 | 42,845 | 36,809 | 30,662
2011 35,257 | 32,388 | 32,820 | 32,202 | 21,970 | 19,571 21,543 | 31,609 | 33,280 | 40,820 | 24,155 | 28,562 | 29,438
2012 | 34,330 | 40,219 | 43,648 | 41,390 | 30,981 18,100 | 14,036 | 19,145 | 38,190 | 44,857 | 29,991 26,905 | 31,707
2013 | 30,464 | 34,558 | 33,090 | 33,509 | 21,752 | 17,021 24,235 | 29,276 | 31,311 28,933 | 29,048 | 32,095 | 28,764
2014 | 35,400 | 36,820 | 35,543 | 32,836 | 23,158 | 15,274 | 14,243 | 15,737 | 23,200 | 24,629 | 21,030 | 23,438 | 25,175
2015 | 27,390 | 29,541 30,155 | 31,5655 | 23,522 | 17,509 | 19,270 | 18,100 | 25,460 | 21,229 | 16,867 | 21,171 23,398
2016 | 28,110 | 31,200 | 37,582 | 31,030 | 17,620 | 13,819 | 15,762 | 18,500 | 30,337 | 37,020 | 30,091 39,810 | 27,507
2017 36,010 36,650 | 31,564 | 25,200 | 19,800 - - - - - - - 32,038




<> 2007 7] 4 A9 7 Ws(E94)

= |18 |28 |38 48 58 68 |78 | 8’8 | 9% | 108 | 11’ | 128 | A
| 8,665 8,300 6,557 6,524 4,766 - - - - - - 11,750 7,473
7,568 7,816 7,119 7,762 6,964 - - - - - - 11,500 7,917

8,184 7,737 5,643 5,738 4,618 - - - - - - 11,000 6,899

9,432 8,684 6,214 6,048 4,769 - - - - - - 12,000 7,741

9,545 9,684 7,881 6,595 4,250 - - - - - - 13,000 8,165

8,477 7,579 5,929 6,476 4,868 - - - - - - 11,250 7,180

E A

L3

10 Ann

RRVRTHE

C o

c
J

=
3

4
Ln
(=1}
4
]

£
]
—
P

<> 20139 27 HF AGE 7HA AE@)

19 | 28 | 38 48 |58 |68 | 78 | 8”8 | 98 | 108 | 11’ | 128 | %P
10,300 10,263 8,360 7,600 6,600 - - - - - - 13,600 8,671
9,357 10,105 8,100 7,273 6,188 - - - - - - 14,000 8,301
10,429 9,632 8,050 7,136 6,594 - - - - - - 13,000 8,371
10,143 | 10,158 8,050 7,227 6,063 - - - - - - 13,000 8,366
11,571 10,895 9,000 8,045 7,625 = - - - - = 15,000 9,441
10,000 10,526 8,600 8,318 6,531 - - - - - - 13,000 8,876
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1
FATREE

15,000

10,000

o

1 2 3 - 5 b i 8 9 10 11 12
——TH —a—A43= 24 3
<9 20139 €] ZF A9E 714 ds(Ee)
<GB A= 27] dF AY9E 714 He (@9 )

TE | 18 28 38 | 4¥ 58 6 78 8d 98 | 108 | 1M1¥ | 128 | vuz
2007 | 8665 8,300 6,557 6524 | 4766 - - - - - - 11,750 | 7473
2008 | 9891 7,817 6,524 5919 | 4,920 - - - - - - 9,230 7,626
2009 | 8648 7,130 7173 6,186 5,293 - - - - - - 9,793 7,298
2010 | 9865 8916 8,464 7,715 6,994 - - - - - - 13,964 | 8948
2011 | 12,257 | 11,088 | 8487 7,466 6,007 - - - - - - 12,800 | 9,184
2012 | 12200 | 12,076 | 10076 | 7,670 6,000 - - - - - - - 9,598
2013 | 10300 | 10263 | 8360 7,600 6,600 - - - - - - 13,600 | 8671
2014 | 13,280 | 10,860 | 9,386 7,764 7,400 - - - - - - 13,900 | 10,413
2015 | 12,695 | 11,776 | 9,009 8,086 6,677 - - - - - - 14,100 | 10,270
2016 | 13430 | 13,033 | 9,700 7,950 7,009 - - - - - - 12,747 | 10,792
2017 | 13,150 | 10430 | 7,609 6,050 6,000 - - - - - - - 9,190
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GE> Ae 827] 4F A9E 714 i (a4
T2 | 18 | 28 | 3 | 48 | 5¥ g | 78 98 | 108 | 11¥ | 128 | o=
2007 | 7568 7,816 7,119 7,762 6,964 - - - - 11,500 | 7,917
2008 | 9727 | 7778 | 6667 | 6548 | 6,500 - - - - 8,625 7,753
2009 | 8579 | 7350 | 7,182 6364 | 6,000 - - - - 9,821 7,473
2010 | 9625 9,263 9250 | 8591 8,250 - - - - 15900 | 9,626
2011 | 12905 | 11,353 | 8846 7,926 7,033 - - - - 12,000 | 9677
2012 | 12,000 | 12,762 | 9476 7,050 6,000 - - - - - 9,456
2013 | 9357 | 10,705 | 8100 | 7273 6,188 - - - - 14,000 | 8301
2014 | 13,400 | 10200 | 8500 | 8318 | 7,357 - - - - 13,267 | 10,138
2015 | 11,762 | 11,118 | 8455 7,545 5,308 - - - - 13,583 | 9,533
2016 | 14750 | 14056 | 9364 | 8050 | 7,591 - - - - 11,800 | 11,090
2017 | 12,550 | 9,400 7,750 6,925 6,000 - - - - - 0,048
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3 AT

71 TensorFlowg o] &% oln|A] *g % &4

» TensorFlow(Tensorflow)= TF=°l4 F7/1% H 21d(Deep Learning)¥} #412]d (Machine
Learning) 71%9 LT 42 AZEY O] Z Python (Python)3} C/C++& A U3tH, o] S HlEo
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