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Estimation of Light-Intercepting Characteristics of Plants Based on Kinect Sensor

Depth Data Measurements
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Abstract

Plant foliage depth data obtained with a Kinect for Windows sensor were used to esti-
mate the light-intercepting characteristics of tomato and paprika plants. As a qualitative
measure of plant growth, we calculated plant cover ratios per unit area (Ra), defined as
the ratio of the area of a horizontal projection of the foliage for a unit plant to the floor
area occupied by the plant. To obtain an additional metric for the light-intercepting char-
acteristics of the plants, termed Rp, Ra values were calculated at 1 cm increments start-
ing from the top of a plant to provide an integrated value, Ra’3 Rp was then calculated
by taking the distance from the plant top to the point at which the value of Ra’ was 80
% of the Ra value for the plant and dividing this distance by the vertical distance from
top to bottom of the plant foliage. Analyses using dummy plants and tomato plants
showed that Ra values increased and Rp values decreased as the total foliage area in-
creased and light was less able to penetrate downward through the array of leaves.
Changes in leaf angle also affected Ra and Rp values. Dummy plants with their leaves
horizontal had larger Ra values and smaller Rp values than when the leaves were in-
clined downward. A comparison of data at sunrise and sunset for paprika plants cultivat-
ed in a greenhouse showed that Ra values were larger and Rp values were smaller at
sunrise, compared with their respective values at sunset. These relationships are in
agreement with changes in leaf attitudes, which were more horizontal at sunrise and
slightly drooped at sunset.

Keywords:  depth data, Kinect for Windows, light-intercepting characteristics, paprika
plants, tomato plants
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KEEOLEETH TR YO THLETBIEE
(LAD EHEZENDONOBBLR TSR TIERE " 25k
CHWLNE, LALINGIZZER RO IR Y F OB
HWRHRESLETHLD. —F, M EEEEL 2V IER
HWEOEHI T LTI, BOREIRLLK Y LAFE TV
249 2RISR, — RS EINL, RoREe )
POHEEL-Z R E B TR T2 DS L,
CAUIRERIE TR, RIS 720#E0RLIIE T3
ZERES TRV, WNRIOTH M A A —FZ2JG NI T
TEHN, 52058 Y 5 o0% £ st v aicidaxtb
REREDTF EHD 5.

ZIT, ABIETIE, EEF—SEEICINETELEY
H—TdH5 Kinect (FA7N) FHWT, HBRZA223E
WIEMED AR OB B E T 5282 A5,
Kinect IZRAFRTOT 277 —ERMEI AT ISR HIEE Y
BT 5. Do R I TOEME T
%, k=i OMBERMENETHIENSH B
JE EWCIHFFENHVLNRTWS, Kby —i3r—2aoa
Yha—5— LTSN, 7OV r5—hoiiED/ s —
TR EIRGIL, ZOERRIENNND, HATIZWDE
BOMCBOTIEEZ NS T ETHL . Bl
1, AL —F RS NGREL, D ERORET—5
T XANTITAMURGE ST H7ur s 226 L, fEAEED
EB=FY AL RET =71 3EWAR DS Kinect
DFELIFAEZT TCOBEHS TIRILTESD 20, ZO7

a5 .k Kinect THERR 5 A5 AT 410, TEMEARED
ZHEDE RTINS TELEE ZONS. ARFETIE
ZDVAT LA TRLER LR E T — 52 RV 7N CiARS
ZET, RBEBOMMTEIT o7, ALK E RO
VM THiRREZE BT AB T A F— DR =1 FI H
BfopgE] TEML..

MHRBLUHE

+ > — {21 Kinect for Windows (L6M—-00020, <1 &
ay7h) L. K —THIESNLIEEF—
¥ ORI L 320x240, BLEF 13K J5 1) 57°, T 1H J5H)
43°TH 5.

Sk o T A C T AR 100 em® ORGSR L, £X 90
cm DI E&EAVTEELT, OKFTEVHETH
FEWER SRR ORE R T 7 IO 2okk, @FER 7 ALTHE
B MOEOTYM T EE 45° 0L LT RS0k, @Y
fHI I ZOFETHE 14 BUSL 728k, D3OI
ULz, COBUEWEZERE 18 cm, #E 15 cm DRy E
I E2 O TIHEZELAATRHIEL. AT HOIEDR
DL, B RS RAEXIC, 1RO CARU MY
I HEHNRTERVIIBLE L7 FRIS, 7 R UEW 0%
AlEEDS 1 ~ 4 BRI HEWIERSRWE), 5~ 7 HELH
WIZERSRWIHRE L. 14 EERUEDOEED, B
51~4% 5~8%, 9~ 123 13~ 14 BEIHWIIER

Kinectsensor

/

Ra = ratio between horizontal
projection of foliage area of unit
plantto floor area occupied by plant

Ra'= calculatedintegration of Ra
valuesin 1 cm increments from
planttop

Plants

Method for collecting
plantfoliage depth data

Fig. 1
metrics Ra and Rp.

Rp= b/a, where b = distance from planttop to point
where Ra‘ = 80% of Ra, and a = distance from top to
bottom of plantfoliage

Plant foliage depth data acquisition and light—intercepting characteristic
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SIS AEERHEL. R MNIEEL BRI,
R 6 mx3.6m, HX26m, HEFREEIHLREDHM
IZ18m AT 3 EATIC 2 W BHB LTS 24§
BREINTWLERENT, KEIC4HE1E30cm DIE
FRARCEELCEARTERL, SR RTLAIRE
T, BEBREMAL, COEFFOHREKEEEELIEY
EHONERENRBF ISy A (PPE) 2B T
(ML-020P, #5L5EH) CRIELZ:. WEH, SBU/EwRE
HELERPSH 2m £ 25 Kinect TIHRELL. 1RO
PPF #l%& Kinect #2880 570N, BAUEWEEIZEL
oo A REDD LT OMERSEEOMBEZEL, gL
J|EEZHVEL. LT, O~@ oZFhFhIDE 8 H
PPF 2 Kinect % To7.

F/2, REATERE 2lcm, B 17cm OFRYMTRIEL
Twa, EESTcmAi#, ER2cm B EOEN 12~ 14
BMELLIZNN DAD 409, FHFDFR) % 70x100 cm
DOFE—AR—APIT 6 BrBLU 8 HRELEL, 2014 4E 3 A 11
H#EZEERC, K25 27m EFH 5 Kinect T5 MIEFL

- B3A1ZENE (BX) WEEELFETE (EY
DHBELNVO4ERT) TCPPFAlEL, X EBELE N
L7z #&#L PPF QW E %, fEWITMAL, EEELED
FERT (AAC—400, METI) #HWTHIELL. &5, Bl
BETERBELTCVES7YS (ARY v, ENZA
ZADEN) %, 201346 H4 H~ 8 HIZHTTC, 4 BL 1965
128 3 m Bl oL Ry otBEEcoE i
# 50 cm, COFREOEMOERIL 60 ~ 80 cm THh-o7z.

Kinect T LI-EMOBERE T -F X REFE V7
(Excel 2010, ¥4 2707 CiHAll-7z. RETEY 7N
Y=MROZEEVITREDF - P ETREINTEHY,
B EDOB STHBENEEROETVE TV ALV
WTES. 7, LFPLARIKEZREORNERTIRE
ELT, BESSERV- RSB TEOREER (B
¥ FhEOLEE (Ra) 2HIBL (Fig. 1). 35—20
BELLT, 1R EREAOROREEDFMBIT)I L,
Ra ZREIZHELT, TEWEF# D Kinect THIEL7:
BEEYS lem FOMELD% Ry &L, ZhATRa D
80 % DB AF TOREHEEDH AL T AIHEETHRL
#4& (Rp) #BEHLA (Fig. 1). ZOMEITKEVIZEEY
BAEBEADOROBEERIKRENZLERY. BOSHLTY
ZEEHEO L Kinect THIEL & B REZH WA, Tin
FEOH BRI LD Kinect TRHTELWHEADERL
T, ROBLKIZHEP LR T MET COREBELENL TILEL
7o, KWFFE T, Rak Rp 2% MM MOEBE L7z,

SUMEMOELBR T, KFIOECAECTEREREIC 7 R
DR ARR LT L, AT ESE/ZEA, RaldeR
L, BEERIZFALTO L APSA I REIINI B E
MRENTZ —7F, RpldRE o THY, EOTETHE
WADNDEBEISWNT HLERINL. B, ZHo
FEBHEDRIML 7z, BRI MBI o B A1, Ra 29k
Zeolz. Ra DM, EOEREHBOELEMEINEDLLT
CEEERSEMLTWALDE#E 2 bhi55, EEt oM
HERED DA, BERMBOINBFEIIL ) o7 Rp
IXERL7E BB RBIIKT L. (Table 1). Fig. 210k
B EAEREOREERN® Ra'/Ra =¥, IREOREINIC
PV Ra'/Ra 133809 505, EIRBEEICI-oTEOE LR
F— R, MU Ra'/Ra EICKY 14 38 UAE A5
EORL/PSWIET, TE7ERUEYHFE—FRENM
BTEL, KF7ERUEWIZZFOBEICRo7. Ra/Ra
DEALNT — AT RBEREERBEL T EEZEZLND
B8, NSEDKEENINREOREV T BIZENFELTD
HEVEALL V. ZRIVEEORENALE DL Kinect
DI ZITKL o TWBED LS. ZHLIEOEE
VE O Z RS F B C LB RBEEZLND,
INHEFFMIHAANBT2DOIZ, ARFFED Rp T, HBH—
EDRa/Ra (0.8) IThAEITOMEROEEELZEDS
T ARSTHRTINEZITo7.

Table 1 Leaf area, light penetration, Ra, and Rp values
for groups of four dummy plants, each with 7
or 14 leaves oriented horizontally or angled

downward.
Orientation

Horizontal Downward Horizontal

(7 leaves) (7 leaves) (14 leaves)
Total leaf area "
(cm?/4 Plants) 2800 2800 5600
LAI 0.3 0.3 0.5*
Light penetration 0.37 0.51* 0.25*%
Ra 0.22 0.10% 0.31*
Rp 0.47 0.65* 0.40*

Each group of four dummy plants was spaced within a
square 30 cm on each side. Each dummy leaf had an area
of 100 cm’. Light penetration was calculated as the ratio of
photosynthetic photon flux (PPF) measured above the four
plants and at the center of the floor area among them (data
in the table show average of 8 measurement). Asterisks (*)
indicate values that differ significantly (p<0.05 using a
t—test (n=8)) from those for the group with 7 leaves
oriented horizontally.
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Fig. 2
dummy plant foliage.

Relationship between Ra’/Ra and depth from top of the

Standard error bars (n=8) smaller than symbols are not

shown.

Table 2 Total leaf area, light penetration, Ra, and Rp
values for groups of six and eight tomato
plants placed within equal areas.

Six plants Eight plants  t—test
Totz;l leaf area 7120 10047 o
(cm®/6 or 8 Plants)
LAI 1.0 14 —
Light penetration 0.33 0.25 —
Ra 0.51 0.55 *
Rp 0.50 0.46 *

Plants were grown in 21 cm diameter plastic pots placed in
60 cm X 35 cm greenhouse floor areas. Total leaf area was
measured with a leaf area meter. Light penetration was
calculated as the ratio of PPF above the plants and the
average of PPF measurements at floor level inside (4—point
average) and outside each group of plants. Asterisks (*)
indicate significant difference (p<0.05 using a t—test (n=5))
between values for the six— and eight—plant groups.

MR OWFE T — 5 HOZREB AR AL, 8 BRI E X
6 MRACE L LB L C, Ra2vK&EL, Rp A/h&Z%o7z Th
&, ZOBRMEREEE R EBRTEMRFEINSE L GE
LIRBEDMEIN TH o7z FEifl7—# T Kinect S EFHDS
DOFFME FEE, 8 BRED{E 1L 6 BRALE LI X THIBE R Z L5
SEHBEMMIEIEML, O EMTIZELT LA (Table
2). 2B, RaZMBTHRTAHIETIH YYD RaZEH
5L, 8 KRELE T 0.07, 6 FRECE Tid 0.09 THY, 4
DOBRIZBWTIE, 6 HRECED TSI Ra b K&, 2
ICEREEZLNS.

INTIAD 4 KL 19 RO 7 — 7 2513, Ra AXEFAIC
BEL, MERICHADTEILEBNRLDD, BRIHEST
Wi CTW—7, Rp iLEICRFDRE M EBOBINE
HEDIEL, WL TR B ASA SR, E M M Tl

Table 3 Ra and Rp values for greenhouse paprika
plants at 4:00 and 19:00.

Time
4:00 19:00 t—test
Ra 0.87 0.76 *
Rp 0.23 0.28 *

Each value represents the average of values measured
from July 4-8, 2013. Asterisks (*) indicate significant
difference (p<0.05, t—test (n=5)) between 4:00 and 19:00
measurements.

Ra (& 4 BES 19 B XD K &L, Rp td 19 Rt 4 B XD K&
o72A% (Table 3), TS, MREMRHIIZRINILTHENT
FEFHHMICH o7 (HRTHER) PR ELEEZS
N5, BUMEWME R W-EBRER, EoTEIIMERET
F, BENNOROREZRETLIENIDLHFZD
(Table 3).

Ra % Rp & Kinect DIEE 7 — 4% JCICH HL TV 525,
ZOEET—513 Kinect DFE T AHRIMRAIL 725 TN EE
STLPIETERV, ZOEKRTIZ Rad Rp HIFESLD
ELEIH T 2% MRS/ R IR A5. LacL, HLE
D EARDOZE KR BEECIR D HZFNZNE 7 B THEE
FAHBETHENEBRTOIE ML Rp DAL X DK
INERIEFLTHY, Table l DEHDORLRLBOEG AR
Table 2 D¥REDS R 2D E0HEZ6NEIHZ, F—1EW
THR—FEF CHhIMIRIERE (R OREVY
A2 Ra bREWE[ A D7z

ARWFFETOZ NI TFMO M B FIL, EMOE R EL
bk, EEROIENT EHOIE LR THF AR ELE S 7
®, Ra%i® K2, Rp Z8/MIFHi 3 2 #EMEAHH LT,
CDEIL BALPOMIESLEPRE ORI DS,



Kinect (¥421) OBREIEREFIA LB EARREOZLERO T 101

Kinect LV LD HENERBELLWINICRETH2ED
DETHA). T, AR TERpERDIE, 4
R’ 73 Ra D 80 % i ET AL TOEEERESIZDS, 80% L\
IRMEDEA BB LD OB % Ra < Rp LW )H#EL
HMAEDETERELEREHCHI T 2T RORRELS
BOBETH 5.

Kinect X4/ —2HOI Ma—5—C, lilEd 25 H
BE (KRB cfELBEOBBELFSOME) it
B THh s, BEOANT—FEED L)% RGB HED
35, EEERETNICBAIL)TELRY, MBTELE
HEIFL . FHY 72T iE~ A4 271V 7RO Kinect SDK
(7)—v7h) & Visual Studio Z2&EEFWTER, R T5
ZEWTED, RFIFRTCIE—IFAFAZRBLAY, ot
—13, EMOERE=SY Y ZICHFEATRET®, HiE s
VEOEEZHPBENHOVATMIHARLIET
(BI5S, HFFHED), 2ROMEICHETAIEA gL
EzoN5.

1 =

R B 7 — % % W24 TE5 Kinect for Windows % F
W, B BEABOSRERLFMT oL RA7
Kinect CIHRELIMEYORET -5 2 R EH VY 7NCHNT
L, o 58 TAXEICBITAENESTWAHKE &
(Ra) #HE L7 Rald EH oA IKEZHEOKNE
R e, SNEEREINCSY, EEAEORE SIS
lem ZTEIZRFBL (Ra), ZhatRa ® 80 % OEICRAET
OHBEXEOFHLTRLERTHRL-EE Rp) 2HE
L7, Rp 2B AEEEAONOR EROMIE RS, A
WX BB AR TR Ry M O~ MEMREEL BV 7%
FCiE, RERBE (ZXERK) ORZVHEITRabARE
7Y, EAREOEZBRRISMELEIILE Rp 2V &Lko7:.

7z, XTVABBEETIE, Ra PRGN, EEBRL,
Rp 288, MR NA MR B U720, ZhUS sy
IR PERANTEFTRL DL E LN
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