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System Type Env. Field Algorithm Detection Detection Detection Applicable Cost,
use? stage Performance time for robot K$
1 Multisensor system: Green-  Yes Leaf temperature measured. Early to HIGH/ <1 sec maybe 6-36
Combined Thermal Imaging house 8-bit fluorescence images Medium MEDIUM
and Chlorophyll Induced were normalized for optimal disease (Early to
Fluorescence Imaging (Spectral visualization based on the intensity (DI), Medium D.I.)
Thermo-Camera FLIR/Agema maximum pixel intensity over ~ Thermal: 7
and CCD Camera with a cut-off all selected images across days (Early).
red Filter and halogen lamps). all time points. A relative Fluorescence:
Chaerle,2007 comparison of fluorescence 14 days
intensity of control and infected (Medium)
plants.
2 Xenon Lamp UV Induced lab Maybe Detection of Chlorophyll 5-7 days HIGH <1 sec maybe 20-25
Fluorescence fluorescence (Chl-F) and blue-  (Early) 96% accuracy
(Imaging fluorimeter FL-FIS green fluorescence (BGF). Four at Early D.I.

and CCD Camera with a cut-off
UV Filter and Xenon Lamps).
Pineda,2008
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emission bands at 440, 520, 690
and 740+10 nm fluorescence.
HPLC analysis of leaf extracts.



MmN nn | 0TIl [13'0

T AWIT AR 2 719203 2 YW LRI IR MINDEMI PRI0N0
TV PRIN2 YA T0WIT IR TR0 MR MY 12 -0 070
TN ARTRON T30 2 79202 7 "UOw 0D KINI LT3 A9y
YXANM 79107 T T A0WA IRPR2 I NP v’
SXIN2 AYEIA RO ,TI0 NI D, INXRD 017 0000
MIXZIN TR0 5¥ NP0 NIIYNY TRPRNAY 1PN 0N 21703
AR WK POXI0PD0 LRI INDEN T30 7 0w PR

V1T YT DY AXOwI

System Type Env. S;Zl?d Algorithm
Multispectral Lab Maybe Filtering, Charts,Statistical
Reflectance analysis.Classification
1 (Spectrophotometer). techniques: LDA, PCA, PLS.
Tirelli, 2011 (191 nm- 883 nm)
Laser UV Induced Lab Maybe Using fluorescence amplitude
Fluorescence (Non- ratios,mean lifetimes (f.e.
2 Imaging Flurometer) F451:F522,F522:F687, and
Burling,2012 F522:F736 of the half-
bandwidth).
Laser UV Induced Lab yes Image correction, interest
Fluorescence (Imaging area selection, fluorescence
3 Flurometer) with CCD ratios computation and edge
Camera (CoolSnapHQ). detection. Least squares to fit
Belanger,2008 general linear models used.
Digital Imaging (RGB  Lab yes Image processing algorithms
4 Camera). (IPA)
Vijayakumar,2012
Hyperspectral Imaging ~ Field yes Spatio-temporal analysis,
System (HSI), mixture tuned matched
5 (Multispectral Camera). filtering (MTMF), NDVI
Franke,2007
HSI, Lab yes Continuous wavelet analysis
(Spectroradiometer, (CWA); thresholding
6 FieldSpec UV/VNIR). approach, 7 wavelet features
Zhang,2012 were isolated for developing
models; multivariate linear
regression (MLR) and PLSR
Hyperspectral imaging ~ Green yes IPA, Indices and discriminant
spectrometer with house, functions (PPV, NPV, Red
7  Spectral CCD Camera  Field edge Specificity, veg. index

(Duncan MS4100).
Tirelli,2011

(REIP, RIR index), Spectral
channels: 540, 660, 800nm
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,’DIPOTIVRDD , PIRIVPOD LM , PR IVPDOID T D178 D72 Twnn

D127 NIIYRS INOXNT NPINNP NTTe MY MY 3DX 12 71930

Detection stage Detection Performance ]?etectlon Applicable - Cost,
time for robot K$

Medium / HIGH <1 sec Maybe 2-5
advanced disease  (Medium to
intensity: Advanced)

10-11 days (99%)

5-9 days (85%)

0-4 days (<11%)
Early DI :2nd HIGH <1 sec Maybe 5-20
days after (Early DI)
inoculation (up to
12 hr).
Early DI: from MEDIUM / HIGH <1 sec yes 10-
3 days after (Early DI) 30
inoculation
Medium to MEDIUM <1 sec yes 2-5
advanced stage (Medium to advanced
(when visible DI)
effects start)
Medium to MEDIUM <1 sec yes 6-16
advanced intensity (Medium to advanced
disease DI)

Early stages 56.8%,

medium to advanced:

65.9% and 88.6%.
Medium to MEDIUM <1 sec yes 3-10
advanced intensity (Medium to advanced
disease DI)

77%-90%, (R2=0.77,

RRMSE=0.28)
Medium (89%) to HIGH <I sec yes 6-16
advanced (95%)  Medium DI: 89%
intensity disease ~ Advanced DI: 95%
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Name: Component name:

Specifications

Image

Camera Logitech HD Webcam C615

- 30 FPS @640 x 480p

- Autofocus

LIDAR Sick LMS-100

- 20m range

- 270° scanning angle,
-0.5°/0.25° adjustable angular
resolution x .t
- 50Hz scanning frequency

- 0.01m resoution

Laser

- Beam laser distance sensor

MSI Camera Teteacam ADC Lite

-32MP
- R, G, NIR channels

HSI Camera SPECIM VISNIR

- 400-1000 nm
- 840 channels
- 1600 pixs

0% 9 S¥2 YN MPU-9150

3 DMIRDPYD ARIRN T
-3 DIPOIPI) TOIIT IRIND IN)
il Bablaliriotbeali>34a)

TOF camera KINECT 11

- NND¥M RGB Py NNYEM
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M3TT . 0771071 0702701 thresholds image level- multi = 7 Otsu

.2 1K DR D9V PV NPT DOAPR NYDT MIREING

MINNE 1077 0NN 78 3.4

Principle) PCA N W 5¥ 001271 N°3I0Mp 11T DNP139RA
DR 23w A0INY A1NT YW TN YR L (analysis component
%y X2 IR 79307 P0p?577 NNA2 v7372 AMP01 PCA -2 DVWRI
2WIT .MM MEIN T DY DONNET N3N A0 NIRYIN D
LDA MyEaR2 0720 0OX7127 NXI2P 172 AN0HA 711000 Py
Discriminant Quadratic) QDA X (Analysis Discriminant Linear)
0°9I72 1AMOW 22207577 TINX 2WIN 712V X 7370 922 .(Analysis
o7 77V NX 929 DP - 71 73 702 .(DP) 19y 07907011 570n
1°2 7D DPY D DY 2WIN [0 TV .22 173 1T (TH)
TDIX I3 XM PCA -7 2Mm2 0912 07X7127 N¥I2P
" By ¥ap3 APnNT DM N ,ANImIna PN aPnna 9ooun
N7N72 °2 IR MIRZINT T DRI 770 TS WX DP -1 T
95.2% DW 1T P17 Wi PCA D012 A0 77127 20p 51
PIT MW MX/I9Y0 D02 310 9D R¥NI .QDA AMN0Ka W3
NP 0.08 127YW (TH) Y7m°UDIX 70 TIW NIV 64.3% 2w 17T
NTY DNYMAPRA DW A°0R NXM0N L0.2 YW (TS) 7200 NN
.4 119202 DRI NPINHP2 079N 0NN

Dennpp TS onPIabNT NINEIN 0190 :4 1530

Actual
Healthy . Medium
mean Low severity severity
sTD) | ™A GTD) | n (STD)
71.2% 35.8%
Healthy (18.0%) (107%) 15.5% (5.4%)
. . 27.4% 453%
Predicted Low severity (17.1%) (18.2%) 8.2% (8.1%)
Medium 1.4% 18.9%
severity (4.3%) (15.4%) 76.3% (11.1%)
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