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Fig.1 The three families of needs answered by THz systems

* Cost corresponds to the cost of the THz system itself, without integration in the application
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100
A method for classifying at least a region of an agricultural product, the
method utilizing hyperspectral imaging and comprising:
(a) scanning a region along a sample of agricultural product using at least
one light source of a single or different wavelengths;
(b) generating one or more hyperspectral images from the region;
HEA T |(c) determining a spectral fingerprint for the sample of agricultural product

from the one or more hyperspectral images; and

(d) determining at least one property including but not limited to a physical,
chemical or biological property relating to the scanned region; and

(e) assigning a classification code to said region of agricultural product

based upon said property.
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| S | N
H4E1 121 4.18
ZtE2 14.3 4.31
Z=Z3 15.5 4.19
H=4 14.5 3.87
HZ5 16.0 4.36
HE6 15.3 3.96
2E7 14.5 4,12
=38 15.2 4.23
=9 14.9 4.04
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c
- 2004
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1200 1400
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AE—%F(%)

4.0 |

Ty 14.9
o 136 4.16
o 113 418 85.1
e 13.8 4.13 82.3
o 123 435 86.4
e 143 453 83.9
—t 12.9 4.16 85.4
i 14.0 4.00 80.9
i x — 4.16 80.9
o 13.8 3.95 79.9
e 105 412 90.6
e 12.9 4.23 86.4
T 135 403 81.1
e 13.1 4.06 84.1
o 16.6 4.12 83.3
e 14.0 402 88.2
o 15.8 3.95 82.0
e 12.6 405 82.3
o = 441 88.2
o 11.2 452 88.4
HAL 33 13.9 het 0
e 12,5 4.00 89.8
e 12.7 4.19 88.3
e 134 409 82.9
e 13.2 4.51 83.2
e 12.8 4.25 82.3
= 14.2 4.23 84.6
o 10.8 440 90.6
uaks 133 4.14 88.5
i 14.2 3.97 85.7
b 14.1 4.20 84.0
EAL 43 11.9 412 o
<HE M, AT S, L2 SIS 012 MEB0 =Y HOIED>
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o StolHAFEY A7 MFEE YT dolH AdA HAE

18 A7

18+ 2 A M
3 A

0.8 At 27
— 54 =4

Intensity (a.u.)

T T T
400 500 600 700
wavelength (nm)

< FAEF ALZE 152] 53 A2 Set Myd 45 >

— dtol AFEGY AWYE HASY] Aa B4 159 SolNAAED AAY WL Fo
S FAet . HAE Ay 5/ A4 98% o2 fFALEE 7HA = AFEHS &
AT, o2 Fall HAES Al 159 AHEY Avte] AHHL BAGAL
c AT GE, Y, FEGAE B4 A9 ATEA)
sensitive wavelength (nm)
25 (sugar content) 890, 980, 932, 902, 880, 818, 956, 858
T838-3F (moisture content) 948, 1016, 838, 1048
A% (acidity content) 1012, 946, 872, 1056, 952
< BE ME 2SR =2 HEMo| mtE >

reference : Murakami, Makoto, Jun—ichi Himoto, and Kazuhiko Itoh. "ANALYSIS OF
APPLE QUALITY BY NEAR INFRARED REFLECTANCE SPECTROSCOPY:
Measurement of moisture, sugar and apple acid content in different varieties using a

single calibration equation." Journal of the Faculty of Agriculture, Hokkaido University
66.1 (1994): 51-61.

— Sols] AMEY 3 BYSHA WAEE ol FHA AAF WRIR ASS A 4249 g,
AT, FEIRY 1R APATE 2ARES. 2 APATANN S ThFF AR} 350
Ao B WAL AANEY BN B P FEEE 24492 FASGL. Y A
FHoH Zh2he YRR BAE BPFES LA A FEALE PP SuLFE AR
2 AYFY



— 37) QAFHRGY 1Y < ol ARNED Aag 9 AN BY ALUS o g3 HFH A
A=Y SolA] RFWL A hE AAEYLS Abhe] B, A7), A g FRE ok g
S, FREEHF, ALY 2L UPAREE TFHUS. BAGAA 97 DL ALFODA

Acidityappie groupt 1012 wavelength Reflectanceqppie group 1
Acidityappie group2 946 wavelength Reflectance,ppie group 2
Ac{dlityapple groups | = | 872 wavelength Reflectanceqsppie groups | , I:xunz Yous Yars ¥ruse x%z]
Acidityappie groupa 1056 wavelength Reflectancegppie group 4
AciditYappie groups 952 wavelength Reflectanceappie group s
<t MY 5|7 2Ye fis WY ololx >

o
1= e ) e 3 <Moore-Penrose inverse of symbolic matrix>
e NS O - A 60373
= syms al ©) a1 1x1 [U,SV] = svd(A,'econ’);
L ] a2 _ .
4 syms a2 -~ s = dza.g(S),
b= syms a3 ©) 24 if nargin < 2
il 1 & a5 Ix7? sym _ 3 s -
6 s = :pp!eacid [3.7000;3.5000:3... tol = max(size(A)) * eps(norm(s,inf))
T= syms a5 H beta [0.4134;-270.886.. end
8 |1 data [1:0.0720:0.1325;... - sum(s > t01)+1
H6 545 doubl
g- beta = [ a1, a2, a3, a4, a5]; Hr V(i rlend) = [I;
10 L.:;regressfon U{ r1 end) - []
. ion1 oX3 O /e

i R = dguble(regressmnn e s(ri:end) = [J;
E - G = pinv(R) s = 1./s();

K= (V. *s)u"
14 = beta = G'*appleacid
15
16— A = beta'*data
Tt = save

< Bhke MY 37 2Y =234y 54 o[glX| >

_I

— AL stolHAAEY F33eA Hole g 717t AS7]E o] &3l

37 29l A& SalA] ASEES st %

Mg dlof AN HAES 93] 4y 34 RdS ‘?ixi | 25k =} sf

HlSzsh glo] Abe= 5709 AtE 58S Ural So|HAHEYHS T 5%

Faska. 471 olv A 9 22 e yE S AR o EAH vﬂr%‘ﬂeﬂ J&AlTE MATLAB 2271
WS F3 TEsY . g™ AXLS $18] Moore—Penrose inverse of symbolic matrix

method& AHE3I . AlAtE ABAITE ol &t dedH R AS7]E AFEE] S5 AF

P

I

o1 < B3 49 A9 oF 2099 222 &
Dt o3l Bl Al 32 SA 248 Fel 249 dugs dHe] dess
1etal =

e Sfo|HAHEY B S AL HAF AT (firmness) B4 A8 o Fx2A}
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66 ORI PHE O CR1E ROM HLL TR 6L TEL 0L 169 Y -5
e [§3 133
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LTOY "L BEG (88 FOL HAG DES W09 D=5
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| TR i ot LU P CRTH CLAL THL L BbL Lo8 WLD TH P19 oy ANE
1201 "6 (% L 1L "H68 THS 90D =8
i
R A T B O B T R "1L% RO 08 L ITL (60 GYS 169 FTY Yo ANS (AU ) SR
BT CT00 RI6 06 THE 65 L 69 B9 TF2 D=5
'
WIO L0 o 19 W16 £R% ITH HOR HLL TRL L CGTL 6% TED tFY oy ANE
TS0 "ETOM “Lob 'T9G 'OTH 106 FHE RIH RON DL bl CHTL 100 TS TR -5
16
05001 0ED'] " 196 TG G "HEY RLAR PR ORL 6L SPL 108 Tot 'BL9 Lh YD ANY (R0 P L
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(W0 IWHLIMOOTY JLLANAD AH EEETES S371ddY JI0. A0 SASATYNY ATV TYNAELLNT 404 SHLONZTIAVM SALLISNAS

THIEYL

< sugar contents, firmness, water content sensitive wavelength for internal quality analysis of fruit >

"Wavelength selection for predicting physicochemical properties

Qing, Z., B. Ji, and M. Zude.
of apple fruit based on near-infrared spectroscopy.” Journal of food quality 30.4 (2007): 511—-526.

reference :
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— =4 A AH o]ulA filtering 7|5l Median Filter ¥ Low Pass Filter, High Pass

Filter, Max Filter, Min Filter, Box Filter, Laplace Filter, Sharpen Filter 52] 187§¢] ¥ ¥
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! = L L | 2 I & 1 |
Pattern Sutting Reg Head- ~5W Trig Setting: Trig Out Count -
Patten LUT """""'"—""" IP=I1.|||1 Illnun‘llri M Hum Trig Selac! E— T
Pafwim Satting | - S| rig Type
_Bel B Hol | Bacf 02 | [0 WL HWE <] Falinig Edged1)
' w/stop = BTARTLL 1
Pattern Define | READ ‘ == . Trig Cound Sat
| 1 — Trig Num (1 |
Pattas LUT Pattar LUT Pamen Feordar .
Diefiriien l | Coerguration Configuraton - Status Road Tria Tiene[rmed = 100
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* DLP6500BFYE DMD

- 1920 x 1080 Micra-mimor

< 420 nm =700 nm Visible Light
- Driving Using DLRCS00 Controller

* Flash Rom of Full Access 48Mb
= Max 8bit 30 Patterns can be stored

* Full function of DLPC900 in

Pre-Stored Pattern Mode

= Trig In/Out Support
= LED Enable/MWM Support

= Download Program using TI EVM

Frogram with USE

* Auto-Standby Function

* R5485 communication

- All Registers can be access
with RS485 Communication

* Bbit-247Hz Pattern Rates

* 32Kb EEPROM Support

i

A

- Rotd S4e fE 573
=

3 A 2ZEY o
on, e AYRE
HE el AdE sta 4

l> I

42l calibration SW

5l
A=
A}

DLP6500 Board

DLPE500 DMD |

1820 % 1080P

DLPC900 Board

DLPC 900
Controller

12C

Contral '

Tng Cut

LEC EM/PAVMA

Signal

Control
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R5485
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Wrapped phase map

Quality value threshold

'

HQ pixels unwrapped
by simple path
following algorithm

'

LQ pixels unwrapped
by flood-fill algorithm

Unwrapped phase map

< 4
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o

0
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Median(h)

Median 20

Lowpass

Erode

Dilate

Opening

Closing

Remave

X Fiting

¥ Fiting

0 Fiting

Gaussian Fit

Invert

Under Naise

Upper Noise

[2021-09-10 14 31:45.488] SMData(Moire) Thread [0] - Data copy complete
(2021-09-10 14:31:45.480] Shared Thread : [M->A] GRAB DONE: TRUE
[2021-09-10 14:31:30.459] SMData(Moire) Thread [0] : Data copy complete
S |12021-09-10 14:31:30.451] Shared Thread - [M->A] GRAB DONE: TRUE
[2021-09-10 14:31:14.111] SMData(Moire) Thread [0] - Data copy complete
(2021-09-10 14:31:14.101] Shared Thread : [M->A] GRAB DONE: TRUE
[2021-09-10 14:27:17.707) SMData(Moire) Thread [0] - Data copy complete
[2021-09-10 14:27:17.695] Shared Thread : [M->A] GRAB DONE: TRUE

Shared Memory Image.

Resolution X: 1.000

Image Size - 2040 x 2040 Resolution Y: 1.000

[2021-09-10 14:22:28.888] SMData(Moire) Thread [0] - D:
0 0 d 1L>A1 G

ata copy complete

|[2021-09-10 14:31
|[2021-09-10 14:31
| [2021-09-10 14:31
|[2021-09-10 T4:31
|[2021-09-10 14:31
|[2021-09-10 14:31
| [2021-09-10 14:31
|[2021-09-10 T4:31
|[2021-09-10 14:31
|[2021-09-10 14:31
| [2021-09-10 14:31
|[2021-09-10 14:31
|[2021-09-10 14:31
|[2021-09-10 14:31

nexensor

-46 930] Inspection Thread [0] - Thread Ready -~
246 .930] Inspection Thread [0] : Inspection Completel!! TOTAL PASS REJECT
-46.929] MSG_WV2H::WV2H_INSPECTION_RESULT - Fail
-46.902] Inspection Thread [0] : 3D Warpage Warp = 34702 473 26 ib
-46_898] Inspection Thread [0] - 3D Warpage Bow = 3471 172
:46.896] Inspection Thread [0] : 3D Warpage PV = 34728.172
-46.896] Inspection Thread [0] - Inspection Done
-46.774] Inspection Thread [0] : Inspection Start Recipe | No Recipe
-46.489] SMData(Moire) Thread [0] : Data copy complete
-45.480] SMData{Moire) Thread [0] : Data Copy Done Host Measure
-31.891] Inspection Thread [0] - Thread Ready - —.
:31.891] Inspection Thread [0] : Inspection Completell Status
:31.889] MSG_V2H::WV2H_INSPECTION_RESULT - Fail = = —
:31.863] Inspection Thread [0] : 3D Warpage Warp = 15051 .236 Inspection "\ ) { . f
3D Warpage Bow 270211 ol
0 Alig S 2D Setup 2D Al Setup Exit
< AFDHO] OrsHE 3XHE HO & oI >
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Home.

Median

an(M)

Median 2D

Lowpass

Erode

Dilate

Opening

Closing

Femave Tift

X Fiting

¥ Fiting

0 Fiting

Gaussian Fit

Invert

Under Noise

Upper Noise

TR [[2021-09-10 14:35:24.991] SMData(Moire) Thread [0] : Data copy complete Shared Memory Image...
[2021-09-10 14:35:24.983] Shared Thread : [M->A] GRAB DONE: TRUE

[2021-09-10 14:31:45 48] SMData(Moire) Thread [0] : Data copy complete Resolution X: 1.000
Image Size : 2040 x 2040 Resolution Y: 1.000

LR (12021-09-10 143145 480] Shared Thread - [M->A] GRAB DONE: TRUE

[2021-09-10 14:31:30.459] SMData(Moire) Thread [0] : Data copy complete.
[2021-09-10 14:31:30.451] Shared Thread : [M->A] GRAB DONE: TRUE
[2021-09-10 14:31:14.111] SMData(Moire) Thread [0] : Data copy complete
[2021-09-10 14:31:14.101] Shared Thread - [M->A] GRAB DONE: TRUE
[2021-09-10 14:27:17.707] SMData(Moire) Thread [0] : Data copy complete.
0 a 6951 Sharad Thraad - [M->A1 GRAR DONE TR

)

Q
M

|[2021-09-10 14:35:26.451] Inspection Thread [0] - Thread Ready ~ | TOTAL PASS REJECT
L

]
|[2021-09-10 14:35:26.451] Inspection Thread [0] - Inspection Completall
[2021-09-10 14:35:26.449] MSG_V2H::V2H_INSPECTION_RESULT - Fail

[2021-09-10 14:35:26.421] Inspection Thread [0] : 3D Warpage Warp = 17437.883 27 ¥ 1bh
1[2021-09-10 14:35:26.419] Inspection Thread [0] - 3D Warpage Bow = 5395.891

|[2021-09-10 14:35:26.415] Inspection Thread [0] : 3D Warpage PV = 17442.053
[2021-09-10 14:35:26.415] Inspection Thread [0] : Inspection Done

[2021-09-10 14:35:26.277] Inspection Thread [0] : Inspection Start Recipe ‘ No Recipe
|[2027-09-10 14:35:25 892] SMData{Moire) Thread [0] : Data copy complete

|[2021-09-10 14:35:24 983] SMData(Moire) Thread [0] : Data Copy Done Host Measure
[2021-09-10 14:35:23.777] MSG_V2H::V2H_SCAN_RESULT - Success =2
[2021-08-10 14:35:23.753] SMScan(Moire) Thread : Grab Done Status | J (3
|[2021-09-10 14:31:46.930] Inspection Thread [0] : Thread Ready o
1[2021-09-10 14:31:46.930] Inspection Thread [0] : Inspection Completall Inspection |

2021-09-10 14:31:46.929] MSG_V2H:\V2H_INSPECTION_RESULT - Fall v

3D Setup 2D Align Setu 2D Setup 2D Al Setup Exit

< APt ¥ 3XHE HY 4 O0IH >
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‘
/ Remave Ti
X Fiting :

Crater Fiting? [j[ARESIEES

10] SMData(Moire) Thread [0] - Data copy complete
31.098] Shared Thread - [M->A] GRAB DONE: TRUE
991] SMData(Moire) Thread [0] - Data copy complste
83] Shared Thread : [M->A] GRAB DONE: TRUE
488) SMData(Moire) Thread [0] - Data copy complete
45.480] Shared Thread - [M->A] GRAB DONE: TRUE
459] SMData(Maire) Thread [0] - Data copy Gomplete
51] Shared Thread - [M->A] GRAB DONE: TRUE
14.111] SMData(Moire) Thi
21410 hared Threac

[2021-09-10 14
021-09-10 14

‘Shared Memory Image...

Resolution X: 1.000
Resolution Y: 1.000

nexensor

Image Size : 2040 x 2040

5[2021—09—10 14:38:32 567] Inspection Thread [0]
|[2021-09-10 14:38:32.567] Inspection Thread [0] :
|

[
[20271-09-10 14:38:32.537] Inspection Thread [0] -
|[2021-09-10 14:38:32 532] Inspection Thread [0]

|[2021-09-10 14:38:32.531] Inspection Thread [0] :
2021-09-10 14:38:32 531] Inspection Thread [0] :
2027-09-10 714:38:32.391] Inspection Thread [0]

2021-09-10 14:38:32.564] MSG_V2H:V2H_INSPECTION_RESULT - Fall

Thread Ready -
Inspection Completall

TOTAL

PASS REJECT

3D Warpage Warp = 10034.602
3D Warpage Bow = 12770 893

28

13 15

3D Warpage PV = 10033 549
Inspection Done

Inspection Start

Recipe ‘ No Recipe

IL
[l
|[2021-09-10 14:38:32.106] SMData(Moire) Thread [0] : Data copy complete
|[2021-09-10 14:38:31.098] SMData(Moire) Thread [0] : Data Copy Done Host Measure
[2021-09-10 14:35:26 451] Inspection Thread [0] : Thread Ready <
[2021-09-10 14:35:26 451] Inspection Thread [0] - Inspsction Completell Status [ J @
[2021-09-10 14:35:26.449] MSG_V2H:V2H_INSPECTION_RESULT - Fail
[

2021-09-10 14:35:26.421] Inspection Thread [0] : 3D Warpage Warp = 17437.883 ”

Inspection [ ) ) )| i

3D Setup 2D Align Setuy 2D Setup 2D Al Setup Exit
< ARLS SE XA HE 4 ooy >
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