160 2012 4F 1A

Fogdr  H2W £k T 2 R

Transactions of the CSAE

Vol.28 No.2
Jan. 2012

KIEYIE BEEMSHENNE RS RIT 5K
B, TR, E O, ZEMR

CAE ST K2/ R 2 e 08 SR I P B 9 8 b o ) K o s =5
WESB IR S HCr i b st AsE 80 =, JEaT 100875)

B F: RIEWERNEHSEG W AR B, 2 MR BARS e AR AT B I T S 8. A8
AN TR, DK ENZE G, XS HI I DAL e T R8s 0 3, 75 ZEH AR I A RN TR, e AN ] T
KRIHRRE . KN TP ISR S EER M . %SO I SEBL T — Bl T Ie AL s M S HoR IR AVE Y 8 2 808 sh il &R
o RGAUEJE Ly FHRCHRNER T A BT R DL B Jo S AR R i B ek B, R AN R B A R
ek J2 i AR SR I AR S B BB RS RS B A Sl 25 RAR W, %3 IS S HUOR Fk ke, R RS
AL RN — R 2 AN TR KB v B AR BOREL R e 2 R B e oz o ¢, 66 07 1) o o oF A B A v i AR 2
LAI2000 (sl 5 45 FA B AR IE, 1By A0 B8 20 A Bk 5145 RIEAR — 8. ARG n] BUNHT T R DR
JE L IARAEYIIN TR e SELWI, SR RAF S 2 BN &1 A ST .

XA RAEH, SMAM, NE, RAHRBRL, &

doi: 10.3969/j.issn.1002-6819.2012.02.028
FESES: 430 XHERFRERD: A

XEHS: 1002-6819(2012)-02-0160-06

Bk, TR, & & F KIEVEEREHSHEINERFRTERE[V]. RITEFHR, 2012, 28(2): 160

—165.

Qu Yonghua, Wang Jindi, Dong Jian, et al. Design and experiment of crop structural parameters automatic measurement system[J].
Transactions of the CSAE, 2012, 28(2): 160—165. (in Chinese with English abstract)

0 51 &

AW 38 ik RO B e S SR A Be AT OGS E R
MARAED)EZ S5 S5, Wi AdE 4 (leaf area index,
LAD 5-F3ymaiffy, S 52 m oK BH e S e /2 N 24T 38T
SO B ER . Kk, SRBURAE S5 12 8005 B2t
REEVEKEERE XL EREY &) — A EESE
7=

T AR SR 1A e 2 A ) i,
b BV AL FE 0 O P ) v AN T DU S D R v
Vo AN ER 2 3L Tl R B, 0 R OR 4 el S5 4
SRIGHE BRI 2 DR HERT LAT BUH,  Qnid o & N 56
1056 2 A 5 LATP, 1 H RH H R e 2
SIHTA, B JE T —Fh R0 & vk, A i il &
R e J2 N R 7 ) (D B 23, AR ) Bt 26 5 1 1 AR 8 AR
A 20 A0 B OR RN TH M S 4. B T8 0] A8 Bl 45
FIZE I S DA A 2 PPy, R i
W 56 )22 PN 328 3 ) OK B 4 i kAl e 2 aE R,
TRAC, SunScan FIl Demon"!, —FJ& F H - BR B f5 H A
KRB A N R 5 G R, Bk R Trkgit
% BIIS RZECR I JE N B 5 MR BREE,  an LAI2000
ek S 3 M ASORIE 5 (14 £ IR AR AL 7 9410 i 7 J2 1 34 -4

e H: 2011-06-23 &1 H I 2011-08-11

TUH %e8h: EXx 863 TR H (2009AA122101)

EH A kS (1972—), 9, WL, BRIk eEK. bt b
SR 2 P 2% 5538 R 2458, 100875 Email: qyh@bnu.edu.cn

AR vk H R & DL T 3

BRI AN s 1) A — e R b3 vy T A
SRR R, SR, SR AR Geil =AY A
TR ) DX 38l KB T) P 2 7 A 4 485 4 2 B0 S FH I
YR vk — B R T &, P IE MR, 4K
SEN T B ANEAT I Al e 58 N TORAFE SR IBURE 1% 45 74
SR TT 1 AR A I 2 T 3K A28 M LA AR R ) RURE
b REAT I ] A SR . 1E anAE H R R Al K AR
AW epr, BRSO A AR ECOy — AN E
PR HR ZH, AR AR Dl SR ROU I R B AR
23 RIS TR A o 5 8 O ) e B i Y,
T R A $ (1L 32 292 I 1) 3 270~ 249 W0 4 UL 00 90 114 3 e DU
IRDHHRIE

AN TAE G TR S5 e%, T oL 2y M 4%
(wireless sensor network, WSN) HiARKIEHE A 3hill &5
RAE RGN IE R SZ BT G . WSN s —Ff
BT BRI B AR, & BRI FE . AR AR
I3 A 2O F A2 R, 7893 R F] JC B A8 S 2 10 245 () 14
ARRF R, o] DAR G b s I R 2 06k A AR ) A2 KR 0 1 4
SR,

ASCRAE G0 RAE )56k 2% 45 40 2 5500 1 IR B 5 0 T
TG 2 A B W 28 TR B0t R AR S EAR AR I B R AR S S, X
VIR T —Far AN T RAE ) 4540 2 505 2578 4k il
LA AR 2 Rt . ASCMIEARJFH S 51k, F 5
W9 2515 L IR T TR AR B % R AT T ik, IFE M
BUE AL 5 B AN 50 P 7 TR R S8 R B 34T 7 A S 56



523

JEAKELE: RIFWEIREMSH A SRR G 51k 161

HE T
1 EEBS5REE

1.1 ERFEE

NBIESOCRS TRy =, Bl )2 T 7 5etg I ik
NBAYGEE (Sun Fleck) , FRAZHBZE AT ¥ K BH G BE
FRBE R 0 B2 B o KB i B A1 5 50 )25 5 0 S 300 52
TEBE% RN E Y PR, Ebr)Z2, 7EJCBER
W5t B 5 2 AR S T I — 2655 06IX, BERR A FX. &
AT LI, R R A IS, d2 A K
FH B #2371 2 R AR R a2 3, 7ER]
AW B A ORI ) ek S TR B R, n I Y
A P K PH R 24 3 R A

R 5 0K FH T B S0 0 A B P A% B 3 U Y Beer-
Lambert &4, 7ERE A K PRARS 30k A X T Ak
5

{M(@,h}mm)
xe *°

Q)

1

I
A

=~

Gl e uER

x
7_[02 k(0.,h)LAIdO

T(h)=e 2)
A, 1 R Iy 23 e ek /2= R 0 S e s 0 RO FH
SCEES (Wm?) 5 LAI i Rgess k) b 5D
BILA S k(0,h) N ICTERRE Th IS R L, & K A
FA(h) i f O R £, A~ RIE K

k(8,h) = A(0,h)g(0) 3
Kb, g(0) AMBUR AR EL, A, h) H— SR
cos@ O0<h

A6, h) = (4)

0%9U+an%—%ﬂn]h<9<g

Mg, =acos(tanhcot0) » LRG0 (1) ~ (4) , FF
P (20 PRI ISR H, w1

PM):Amnm»:L?«amgwnAme (5)

K (5) AE N AR = B AR SR A# LA A
HR AR, RIS AR R S SRR —28 Fredholm
T JiRE, R SCER(131 7 vk v et J2 A6 £y 23 A
BREE LAL
1.2 BESESRRWNERZE

X (5) "%, S ECRME ISR — R
HORFRORBH S A R B E I % . fEA% IS e 2
XA B2 B S DL, et J2 T A s 2 ) B
IR 52 1) R 9 4 60 45 BSOS S RO e P4 o i A
EHHE R W E NP AT S Beer—Lambert 5, T
T 73 AT — T G o] SR 3R R e 2 N B i it

KPHS AN b e 2 LA 6B 2 mT LLRIA N

= 8-l 6
Io Qo _Do
KA Ty, by I, L XFESX (D, 0 F Q432

TAGE R EEARS, T Do W JE EEUN RS, T, R
SPOCAERE 2N B A, HEUE RN 5 KB = B K.
X (6) nLLE—P A el
0,/9,—D, /9y xT, _ T, —nl;
1-D,/Q,  1-n

X, To RoRm BERSTIEIL 2, g A AR R /U 6 Pt
dr el ZAGRW] L WUR SRS E E DAL R,
% S BN AT B UM O F I A DL A 8] KB A
OR AR 21D B R 25D U G v Ll o S m B I &
By, ZSCHLLLE 2 NS SIS, o KRR
Gt SH R A R fE A i, B K G AN [
BOGAEHUR G B o 16 Lo 1 22 e R B 1 T 5 0%
. FERHRTOCHEAMNT, RAEUENEAE, [
INFAEALES 3 B EUROYG . B DAIm A SR (Rayleigh scattering)
S, RIEUH OGRS S IO U b . IR,
TER] WIGHER 73, BN A A 2L (L BT o5 1 B
BIART LD o R, AR BB S IR I i, 0 A ik s
BT — AN KAE 650 nm, 271 5ELE 8 nm [y I JE
SR, ORIE R AT LR IR DG BERE AL B4, TR K
T B2 ORUEE ANAR SR ZS 100G LB G 2 3, eIl 545 34
) eh 2 37 e AT A T B I

2 WSN TimIheERit

ARSCHTHET I TC LM 2 R G0t 3 PRy A
AU, R B R A BT A RS R
T ELAARA 28 = s R S T
2.1 HEEETSR

i R AT SR KSR ThRE B4, B ARSI R
RUECE BT AT R AR, B SRAE T s AR
W5 MRS, Bl R S E e gt
T PC B etk sy, BT L S R AR, R 3
SRAEAT 55 A S 0 AT DI s )L eyt 4 i e S
Fr HR X S s — L A IR 4T 2R T R

MR Bl R AT s 5e I Re AT, s R AR i
PR A oy . SZI B 4 . R AR . it
HLER A AR T AR AS WIS 3 B AT A A B 28334 »

e 1 B
s D

,:::{ B R G J

E :

| A

N Dl e i
S e || ER
e FERTT LT

J

! [ !

[ P RGIG ]

T.(h)= (7

-

B 1 S48 SRR

Fig.l1 Design for data collection node

Horp AL IS T SEBDG S LA R AR, A PRALE
AT GOREOESE B A R, A R A



162 ek TR 244

2012 4F

AR IR, (A IR UE BT A5 FH P A Sk 28 o) R A e S o B2 4%
PR B HA S 5 SRR A A I 2 R8T A
MHRBEFERIEEK, DARUFEEN YT S FEA i e X ot
2 BRI A ol T 3 AN HT9 S TSL2561
AR R AR SEILK P S i 5ot )2 & 1 R PR . T
SE B AY R SR B ST I S B, RUE S i
AR BEFERF I o X T M AMAR S i, EFR AT ZigBee
PEE I Tennic a5 A1, %005 F RIS SR A% T A AL
P ThRE . AEACEARISINA Sy, EZLE I LED T AR
IR 7 ORI s s ) TARIRES . s, F %
55T ARG HIRE T T 3 CL AN s R TR K.
T T AL 384 3V, BRI i R 402 A
PE S T R AR E Y 3 V fL s
2.2 HEHTA

% R YT SR VSR A O R AUl R
B R AR SN R B SR AT A R
e S o B B T AT BRI Ak . R RS, B
T SR T A A TR, A B PR T R TR R AR
EEL, OB SE A R TIRE R &, b (R AT Lk
TBARRRLE, NI ARIE T P28 I fa i FiAa s

T 28 498 v % H 739 A T 50 B v 4 N S I R A
PITEIT hRE, DR A e g e T h AR T, SR E
w2 fioR.

\V4

AT KA
1

SN IR o G

BT H
i
it
.
{8 T AR =
e T
\ T
[ i ARG IE ]

B2 &b ARG

Fig.2 Design for route node

LA s I B Ay AR SMAER S . R A
T 350 5 B SR AR A R SR A [ o T A M
TGRS, LED ATANEINER 73X, RO 15 sl TARIRES
DA K B H 4T 05 5 H i R AT sl R U0 o A AL PR G
g5, T T AU BRI T ORI, AT Hlo Ry
MM, hFEE S, PR S PH BE F it A 6 b 7 a5 48
fit 3V fitH,
2.3 CLETA

TR AU RGP, oL 4,
IF) B 0 R R R IA A MR IE L E A B
MR R AT e B R ST, W Ok IR
R VEERAT S AT S, Wi GPRS B K%
BIa GRS R ARG WG AR . s
1R DR 17 S V3 31073 N 3 E 7 SN 6P e A LN
O AE A5 % GPRS A5 4y, Heab s s anE 3 7,

/ N 2 1, 4l
CC T | e B GRECC
; T

[ GPRS#.7C ] :

TR
senfuppppg x| AR
71— 31
Y

[ LRSS IT ]

A3 LR &AL
Fig.3 Design for sink node

L Fp SN A B G R A B Ak B B PR TR A OC Y
25, L% i SR R A AR . B A7
TG 1) 32 BEAE FH 87 I A7 T SRR m R 6 R I e
Bt GPRS LBt Bk, Jovdoks £l i RIS Ja
B 1R 25 2% 1 i B B 1 2K« GPRS L cil i B L 55K
T, HALBE R 9 Ve T GPRS F ik
I 5590 2R 4T A AR B R RN ], PRt R 4
FOCTHEARAE o V A1 3V B4 HL T .

3 HER55h

3.1 EEAERLNIK
T BRI EL 6 I R i e R S S U
% EHERER (5 AR RIS, AR5
POHAE AT B RS o AERALE 2 e, e i 2
H- (5T £1  Af B0 Oy 3o B AR LS10), HOM R 8 1 R By
g(e): eo.sssa_l (8)
XFE, BT LA 1 2] 10 LL 0.5 2B KAL),
AR R BH 5 BE £ AN 0~90° LA el B AR fb (1) ek 23 ok R
B o b TSI B DU B A e AT — e I BE AL S, A
AYRAREG S Ay g ik 2B IR B AL 75 LG A 20 A 0, 5%
I 10%, SRS FHIXLEH K 43 3l s se /2 5 A 40
3 BRI LT AR O B A R a1 4 PR

12 -
10 |
-l
8
<
6
= BE%
= 4 0
) A5
10
0 2 4 6 8 10 12

SEPILAT

B4 KRS B IS0 T ot E AR SRR 45 R b

Fig4 Comparison for LAI results of different error levels

B 4 3 Bl KPR B LAT AR S SRR
B, B ZEAET 0.09, i RELNET 0.99.
R I RENS 18 AN [R] RO e 75 26 AT 1K) T A
AU -

FE 3 FHRZEESEHN, VAT R0 A A 8 R bR



2

JEAKELE: RIFWEIREMSH A SRR G 51k 163

205 TS U S R R G R W 5 s

15
— —iR%E0

e 10

i -- RE5Y

4

ggj 05 — - RE10%
— 3LWILAD

0
5 1525 35 45 55 65 75 85
A

B 5 oA BE SR 2HSH B
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Design and experiment of crop structural parameters automatic
measurement system

Qu Yonghua, Wang Jindi, Dong Jian, Jiang Fubin
(State Key Laboratory of Remote Sensing Science, Jointly Sponsored by Beijing Normal University and Institute of Remote Sensing

Applications Chinese Academy of Sciences, Beijing Key Laboratory for Remote Sensing of Environment and Digital Cities,
Beijing Normal University, 100875, China)

Abstract: The presented work aims to develop an automatic measurement system to collect crop parameters. In this
paper, the structure parameters of land surface crops are considered. Crop structural parameters, such as leaf area
index(LAI) and average leaf angle(ALA), are the main factors that can effect the solar energy re-assignment in the
canopy. The traditional method to measure such parameters for crops, e.g. maize and wheat, is relied on the handy
instrument, so it is difficulty to carry out the measurement on the large spatial region and on the long time series. An
automatic measuring system which is designed on the basis of wireless sensors network(WSN) is present in this paper.
The system is comprised of three types of node, i.e. two solar irradiance measurement nodes which are deployed beneath
and above the canopy respectively, a sink node which is used to collect data from the measurement nodes, and the last
type is a route node which is acted as a repeater of wireless communication. Canopy structural parameters can be
calculated from the direct transmittance which is the ratio of sun radiation captured by the measurement node beneath
and above the canopy on different sun altitude angles. Numeric simulation and the field preliminary validation results
showed that the designed system could detect the directional canopy transmittance which is the basis to calculate the
target parameters. And the further validation results revealed that the measured LAI values between LAI2000 instrument
and our propose measurement system had high correlation coefficient and the calculated average leaf angles were very
proximity to the theoretical values. So it is promising in the agriculture application to utilize the proposed system in
measuring the crop structural parameters, and it can be an efficient way to measure such parameters in the large spatial
region and on the long time series automatically.
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