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Abstract: There are studies that transform cultivation techniques relied on experience and intuition to ex-
plicit knowledge. In particular, stress cultivation employs water stress to increase the sugar concentration of
plants. To evaluate the water stress, several methods have been implemented. An image processing method
evaluates water stress based on plant wilt without expensive instruments. However, there are issues in intro-
ducing it into the actual cultivation environment, since earlier image processing methods require the use of
extracting plant contour from images. Therefore, we propose a method to detect the plants motion in complex
background. This method detects the plant motion by optical flow and estimates the plant wilt by machine
learning. Optical flow can assess the plant motion very clearly even in cultivation environment, because it
does not require extracting plant contour. We validated utility of optical flow in complex background and the
average Bhattacharyya distance between HOOF calculated in complex background and HOOF calculated in
simple background was 0.0640 in high solar radiation and was 0.0395 in low solar radiation. Consequently,
we confirmed that optical flow is effective even in complex background.
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Fig. 1 Flowchart of detection of plant motion using optical

flow.
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Fig. 3 Flowchart of detection of plant motion.
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4 HOOF =T71kfi
Fig. 4 Example of quantization of HOOF.

3.4 S

—RENCENOREEATR E VI L, BRI 2R LT
MEE T EIEWHMICEE, »oZ20BEHREIIAE <
b, W, WEARRHREICL > TENL S EET LHIC
X, WILT B KRG EASVITE, BELIIHEIC T LTIl
FEHEISEWHANCEN S, 2OoZOBBHEIIARE LS
ZD0, WROBEHIN & BEHEEL, ENEiHEL
LTERHTL7-OICHELRERTHDLEER D, BLOR
By & BENEE A EN o E L LTt 572012,
Optical Flow O f§fE#% v 2 b 75 2 {t L 72 HOOF % £t
9 %. HOOF &, Optical Flow O fifEx >, E& % H
AL LTHEBENZL AN LAOMEEZIEHILT A2 &
TES5N 5. Optical Flow D 0 & € ¥ b OxFoBR%E
K (7)

—g+7r%<9<—§+7rg (7)
IZRY. 22T, BIREVOBRETHY, € bDER
¥d1<b< B CTEREINS.

DD 6 OBEOMELY o IBERER 4
\Z/R9. B 1Zid, Optical Flow & AKFEHD 3 MED 9
B, MEAVNSWEERMRT A 2 LT, EAxFRO Optical
Flow lZ[A—o R EEIN D, Z07-%, HOOF %
Wb ZET, EANHOENEF DL AT LELT
FHT&XBEEZD, E512, HOOF X, AN TFLD
WA EB LT 5 2 LT, #Hogiifklc X % Optical Flow O
EWEEET L, F020, HOOF # V52 & T, #ie
PR IR FICENE KRB TE b E2 5.

4. FHE

BEAF O WG LIRS, EREEE 2 AiEE T EHT S
COICHA TR T ﬂﬁﬁéﬁﬁﬁéb,@%&%%%k
b %) EEORBEBREAOE NI - 7. FERET
NG A AL, il 0SS % Ko A b L ARE
liFErEHT L7010, BETRTTHELZOLA
RHEEIMHTELLEDNHDH. 22T, RETREL.
Optical Flow & f\W 72 LD ZAUARIZE L C, #HEER
TTOHRMEEZWREET 572012, EBOREB THRE L
72w (DT, #MEERMIE) CHMEERBGEOE R T M
BBy 7 b CHAA L - B Rmig e HEL, S
MO L7 HOOF OB % it L 72, B Rmi(%

© 2017 Information Processing Society of Japan

— 20cm
b -

q’ 2.5m

nitS
b7k

L F v

sty F

(a) FH5~<> FOIFIIX (b) HFHFE~Xy FOIEHK
5 WENEDO MY b ES AT OHRENE

Fig. 5 Installation position of tomato and camera.
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FEBL, FEERBAREMIEINT 7 ATy 7Ny
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A (Woodman Labs # GoPro HERO4 Session, fi#{%
Ji 12720 x 2040) HFRESETH 5V, 20164FE2 1 H
252715 HE Cogmifz W EmLz., K512
B ED P PO & AT ORENE 2R,
SO MY bOWIE, HHERNYF (BEH5m, 1§ %
30cm, BREL 24 8k, EHHE D2 5MZ) OMyGASEH
HEThsILxBEELT, HEXY FOFEMOYT g
PHH25m OMED MY MOWMERMALE., 7 AT71F
N PO OER S SMAA0 B THEEA 10 cm Of7E
THICEHZEL, T0OH 27 %W THi{Er 10 7 kE Tk
L7, £7:, HOOF OFLEOIREEIZIE, A NS T
LMD 1 ©TdH % Bhattacharyya g [19] & Fv7-.
Bhattacharyya HiBE(Z, 02005 1 DfEZ & 0, HUELIH
WIFEEIZINEL A, OV RIDPSRB2DODLARNS
TLEFNFNH, HhelL, EXTEDLANTTLD
fiE% Hy(i), Ho(i) &7 % & Bhattacharyya i d(H,, Ho)
&, X (8) TEINnL.

=S Hil) + X Ha(i)
(8)

EBHB O B, ZNPEWSINZZ2H4HD 1052
EOHFEEZR 6 127 T. K6 25, HitEIE, 6K 30
S5 T 00 314K < 22 ), 14 15 30 437 5 15 HF 00 43712
B eI A,. BRI, W{EOMEEE v 5
72, HEEOEWIZEGLIORE IEEEL 5.2 5. L
7o C, WY ARG AT 72011, B D HEE TR
g ARETHLH., RFFMTIE, ZNAE S N7 E (RO
FCd, 2H4H68 30505 7K 005D L7
WifEE, 20 4 H 148530 53205 15 K5 00 O RICHRE L
7o W% % Sl 5 & L7z, Optical Flow (&, HAT 5ol

d(Hq, Hs) =
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AW /m?)

6 27 4HD10 5L DA
Fig. 6 Amount of solar radiation in 4th of February.

6:30-6:40

6:40-6:50

6:50-7:00

7 Optical Flow (6 I 30 2~7 # 00 4)
Fig. 7 Optical Flow (6:30~7:00).

EHMERREONF BV THET 2B CHEIL L,
20 x 20 ¥ 27 )L T L AZHEZIAYIN S VI O TSI R L 72,
Tl 2L, 630005 THE 0040 COWGEORE, 6
I 30 43 & 6 [EF 40 43, 674040 & 6 I 50 43, 650408
7 00 4D £ (%[ 2> & Optical Flow # 51 L, #h 2
L6 30 4, 61K 40 43, 6 R 50 D Hif4 1 Optical Flow
2RS4, 72, HOOF % Optical Flow & [AlfEIZ, H
TSNS & M B E 0 BT B TR B )
THEH L.

2 A4 H 683045725 7HEE00 %% T Optical Flow %

T(a)~() 12, 2 4 H 1483075725 15K 00 77 £ TD
Optical Flow %X 8 (a)~(f) &/T?‘ 2 H 4 H 630 532
5 7H 00450 HOOF #X 912, 2 H 4 H 14K 30 505
15 I 00 47® HOOF #[ 10 \Z/R9. 72, 2 H4 H 6K
30705 THE00 4 2 A 4 H 14 5 30 4205 15 KF 00 43
¥ TO 4% HOOF [ ® Bhattacharyya Hiffi % 1 12787,
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Fig. 8 Optical Flow (14:30~15:00).
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Fig. 9 HOOF (6:30~7:00).
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Fig. 10 HOOF (14:30~15:00).

#1595, 68304525 7K 00 4% T Bhattacharyya
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£ 1 BHZ Lo HOOF [ Bhattacharyya i
Table 1 Bhattacharyya distance between HOOF for each time.

Bhattacharyya FEEf
1524 6 IF 30 47- 14 B 30 43-
7 1E§ 00 5y 15 I 00 %
0 %3-10 43 # 0.0575 0.0548
10 45-20 43 # 0.0914 0.0289
20 47-30 4314 0.0431 0.0347
¥ 0.0640 0.0395

(a) 6F4043-6 F 5045  (b) 14 FF 40 43-14 R 50 43

11 RO~ A7 Wi @ L72%a 0w
Fig. 11 Image applying mask of background separation.

(a) 6 40 53-6 ¥ 50 4y (b) 14 FF 40 43-14 FF 50 4

12 IRGEEZ A L 2w E omifg
Fig. 12 Image not applying background separation.

CORREDIS, HHERMI{EO Optical Flow & #MET 7
% ® Optical Flow I3, HF®IZ202bo FTHUL TH
D, AFTIRET S Optical Flow % A\ 725 L0 2L
HE, BT RE L2 ) FREBRE T CO M R T O
B LRI EEROZLE ML TE 2L\ 5. Lzdts
T, Optical Flow % & ICHESE L 72 FRIE 7V, FE5ERER
TTOEMELENE A EPHRFTESL., SHICKT
"5, 61305705 7EE 00 40 Optical Flow 1Xa2 Kk HI A
B, HEROBADAEZBB LTSI EPGh5E. —
JT, M 8(d), (e) D 14 15 30 53705 14 B 40 43 & 14 B
40 537 5 14 1K 50 43 OFRAKE T, fERDAL O T
Optical Flow 2%H ENTWDL Z E PR TE L. DR
HEHSNIZTAH720, 6 K40 525 6 15 50 50 & 14 B
40 537505 14 W 50 3 ORI o BED ~ A 7 Wif% % $
LB 11 (a) & (b) lRT. $72, 6840 505
6 [ 50 43 & 14 B 40 4370 5 14 B 50 4 O MEL S mifg 12
L CH R4 % FH 9712 Optical Flow Z M L 724
FA2BE 12 (a) & (b) ITRT. KR OARIHEE, FEPAL,
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AL D FEIF T Optical Flow 25 SN TV 2 BT 2 /R 7.
B 11 (a), (b) 25, WROHETHYARLE L Toi s b
i, HEREIZ22DLTRELSEIL W I LA HERT
&5, —hT, M12(a), (b) 205, WESEEZ BT L 2w
YirerlZid, 6 K 40 43705 6 IR 50 53 Optical Flow 12X
T, 14 ¥ 40 437 5 14 FE 50 47® Optical Flow ORff 2
SN ENGNDL. TORRKIE, HEEOBEMIX->T,
Optical Flow DRI Tl ZEDMEIIKE (L L7272
ThbeEzDL., ZOO, AHEFLZVERETIE, L1
ERELEROMAENTARNETH L. ZOMER, M
WMot Tn <, MYDORIKIZEH LRRIFEER A
GBS EEZRE L HFEICED GRS AT A28 T
fRRCE AL EZ D, Lilo@NHRrTRSHEE L TR
52 LT, HEEAS \VEREE T MESE I A & il ik
TOEEL, XV ERELELZOLMEEEBTE .

5. BbHWIC

ARIFFETIE, LM DOEREEZRAKG A L AGHI T %
FEHT 5720, FffizllEfEasz bEESTTRIGEAL
RFTWEGALEREIZE LT, B IZH W 5115 Optical
Flow % BZOZALMILICICH T 5 2 & T, ko 5%
I &2 TN R ELOZL S I L, BREERE T T
bEKEICENEGEZHET 2 FEEREL.

KRG TIRZE L 72 Optical Flow O#MT R T COAH M
RMEET A 720, WA RT Com%r 58 L7z HOOF
R R T COMEA, HEW L7 HOOF OFME % 3k
W7z 24, HOOF [ Bhattacharyya HHEED 1L, &
HE4$& T 0.640, fXHE = FT0.0395 TH-o72. Z D
B, HHWSREEO Optical Flow & T RSO
Optical Flow 1, Hf®IZAh2bOLFHELULTEBY), &k
THEZF T % Optical Flow & Fl\W 72 5RO ZALRIIE, B
LERE LD %) REREANOBH O WEETH L 2 L AR
L7

Lth, ENEAOHERE T %729, HOOF %
TIZE%%, oD B2 X A EN B OSEME % H 19
TRE LIeTIMET VR L, RWVE R 5 35 R
TICREFLEEZHEHT .

BE ZOWZEIL IST S 255 (JPMJPRI1505) O4%
R EmSNE L.
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