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The Calculation of Actual LAI Based on Terrestrial Laser

Scanning Data and Fish Eye Camera

Gao Jiging, Yun Ting, Xue Lianfeng
(College of Information Science and Technology, Nanjing Forestry University , Nanjing 210037 , China)

Abstract : In order to obtain accurate actual Leaf Area Index(LAla) ,this paper presents a calculation method based on
Fish Eye Camera and Terrestrial Laser Scanning Data to obtain images of the hemisphere , with the geography latitude line
concept to characterize zenith angle of leaves of different heights, and to get leaf angle through statistical methods.
Calculating effective Leaf Area Index according to Beer-Lambert Law and actual Leaf Area Index is got through effectively
slicing which solves the problem of overlapping leaves. The point cloud data of the tree acquired by Laser Scanning is
zoomed on the surface of a sphere by certain scaling. Then, through Stereographic Projection and Lambert Azimuthally
Equal-Area Projection, the spherical image is projected onto the plane to get similar hemisphere images.

Key words: actual Leaf Area Index, Fish Eye Camera, Stereographic projection, Lambert azimuthally equal-area projec-

tion

AR B ARE I B TSR, A o T B SO S T BR A AR g
I T AR B H8 6 0 T FRF8 4 ( Effective Leal Area Index) , BV A FHIGHE WS R 21 04 i 1 35 43 14 i 1 AR 4R
0, BRI N LAT-2000 (56253 B30 S5 AH A &% AT LUK SEBRil & s A — > H 2S5 5 | iR o
GEH W B —— LI T RS B, H X 5 A A% A ke ik [R] T AR S 1Y R) L 2 B AL T TG 1 i
Pyt

N AR SCEE T B AR RN b T O TR TR 5 BRI 2 BRIEMR , B 1 T — s oA v 0 1) S 1 RS 4
TRk, U BRIEG A I A « 2 42 BE 0% B0l M R AE St )2 45 K T0UA T A G A5 B 2 80 i
RGB {HE, SVM S5 5 L4 UM F5TT , 153 FLBR AR SF A O S, MR Kb isi b 1A% Ge it 3 i 2.

1 3£ T Beer-Lambert 5 1% LAI 5
W TR /N IR S BT A A R AG AR R S B v A o H B AG A R T AR A O DL X
s B HA.2014-08-16.

BEE&WE  HR A RRAEE (31300472) TLIRAE AR 24 (BK2012418).
IR A BEICOR, fl 2052, W55 7 1) R AL L. E-mail : xuelianfeng@ njfu. edu. cn

— 137 —



R K224 ( A SRBHARR) 9537 B 4 W1(2014 4F)

Pl 12 ) S B R AR O B LR ARE XTI TR (0 29) MR =S/ (JH 1 30R ) i
— XSRS — T H SRR B A ERR R S nSe i id B b D25 3 1 fLEBA
RISy ABURE A LA R0 TR B AR e 2R

-InP(0)=G(6,a)xL,/cos(0). (1)
Hr P(0) KRR ALBRA 0 AR FFDCZ A R , o SEFHBUA L, A R0 AR B BRSO
ES/UILADR
N T LAY AT E
T(0)=-InP(0). (2)
G(0,a)
K(8,0)= 1050, (3)

Hr 6(6, o) R X B7EASSGL /Y 3 5 7 W) 77 2145
E'/,}JFE]%‘[J—FEX

cosacost, o=w/2-a,
G(6,a)= cosacosf( 1 +W) , O>m/2-a. ) )
Hrf x=cos™ (cotacotd) , T (1) v U E 1. X’/
T(0)=K(0,a)xL,. (5)
K(0,0) S TH R B, A TR MR o AIFLEIR P(0) E E1 HARMETREXRE

A, ELA R IR R T A 1) — L6 X Sl A R T AR 4R L, e LLGE Fig.1 Leaf angle and zenith angle diagram
A (5) THEL R, ST EOR AR R U X — 3 E AT
MR b AR MOME A AR TE IR — 205 B DX A SR TOUA A ARUAH 45
2 (5) B2 0 TR RO T AR B SR B3 SR T 23R4S B FUFEH L, B3 A
L2 N BB, HOCR = (6)

L=0L. (6)
i (3) TS B
__ I()
L=k 0.0y x2" (7)

T(0) fR BUR P LS TR RS, AR R LR AR T — kSR R 580,
2 CREREURAARIR

PR E R — PP ET I B 2 S SR Tk B A A R K ) B AR AL B A
%1’57’2%&%7\@7}2 %ﬂﬂﬂ?ndﬁ%}iﬂﬁ *’J“ (CAnTEL 2) . ~PEREE R 15 HAT AE R A v 3 52 SRR DR v

ﬁ?#ﬁ%ﬁ‘x %’KEHD%I’EH%E’JIE%%%E&%M
Tk , B il e 6 )2 1 07 A s 8 e el 2 1 05 I 4L
TR, 25 RSB 4 o B R 5% 1) T 8, 8 SOR F A J2
k. X F ARG R @ EMR Wi 5 E A S I RGB B {H
ZERBIR AR T, BN A B2 LY (n AN
O FHURAEEZTEAR R R T A CSEUGR R %
JE3) 1 H P EREBR AL S 180°, LLEUE PG SN BLG,

(b)
B 53 9 ARG, i BB A3 50,150, - E2 (a) @BREEH(b) LHRER

75° ,85 o%%i_\u—‘t—:ﬁ/g 9 /l\ae]ﬁﬁ ( ﬂn |7§| 6 ( d) ) %[JFH;&?@ Fig.2 (a)Fish-eye camera(b)Hemispherical image
QA BRF AR S G R — AR 5 R S GO i ECR | s 2 FLBREE T DAh AN Ak

N,(6)

T(a):Nx(0)+Ni(0).

(8)

— 138 —



RO, A T H BRI T O A A ELSE AR RO T

A T(0) & 0 A T ZFLBE , N.(0) J2& 0 A F R 2 2 50E N (0) & 0 Il F 5 s (RS 18

3 WEBEr SRR PSR

Wt B AR AD O TR 18 0 BRI R 4 2 18] £ S R (R B RERS AR 5 2 MU BRI, b Tan oL 4
G IREY O S RN A N A 3R R SR/ R
X Tl RSO G T IR TR R 4k ( = 4828 {5 5, RGB B RIS B ) s = B, o] 3R BUR B et J2 L Bt

3.1 WARRZH EFKIES
T TEEOG R K, AT DL SRIBOR AR B9 25 R AT R AR 2. R T 2R IO = 4k 25 ) i = 80t , B ol 1
HEATH ROR AR AR AT AR AR AL AL, = (9)
0=arccos[z//(xz+y72+z2)], (9)
¢=arctan(y/x).
W BOE B IE G r, BT HOELAY A B R4 B — 2B r BYBRTE B (AR SCR AT EAEER) | 280 2R T
ARBRFIE R IR AR AR AR BN 58 0 T 1 = O BRTH 4 i 72, 4K (10)
x=rsinfcos,
y =rsinfsing, (10)
z=rcos6.
3.2 HRTEmERS
BRI — BB 12 W 7R = 4K T 3] — 487 T 4%
SE AR A A Lambert J7 06 A 55 AR5 , B REARGF- ML LR B2 FA
FEAR B E R AR O T AR 19 {7 B AL 3 A R AR BEAE. B2 R Al 3
B,
A POREREAE R — 80, AB5 N P(x,y,2) ,0 — A, 3% OP
A FUPFIE T P (2 ,y"). PRI P IS, TRA T LR

b_x B3 iR FEREIE
v= 14z’ ( 1 ) Fig.3 Stereographic projection process
Y
u T1+7
B 2x' 2y’ —1+(x')2+(y')2)
(X,y,z)—[1+(x/)z+(y/)z’1+(x/)z+(y/)z’ 1+(%l)2+(y/)2 . (12>
3.3 Lambert I fEERKH P N i
Lambert 77 {5 ) 55 AR — 1) 12 b 1o FH A 3R 1 380 °F- 1o 9 45
PR B R b I R BT A DX SR A R AR R AR BE AT AL

ik, Bt B DI I anEl 4 FFR. N 3R — A, PR BRTE [ —
=Dy S 1 Y AN o el T vl w7 R T Rl S el £ | I
FIFERE o, 1 P s BB N (x,y,2) , PTRO AR R (27 ,9") ,N(0,0,1), FJ&  Ed4 Lambert FHAAEMALY

HINTFXZ. ERMYFEE
Fig.4 Tangent plane of Lambert

x'=x i Azimuthally equal-area
i ( 13 ) projection process
oy [ 2
Y=
N 2 " 2 N2 N2 , o2
(x,y-z)=(x’J1-W,y,Jl_(x ) Z(y) el )-;(y) ] (1)

— 139 —



R K224 ( A SRBHARR) 9537 B 4 W1(2014 4F)

4 FEHLE)ZPE

St A 116K Y B8 A BET B S 30 2 e 53 P R P 2 SR, 3 o X 53¢ M S R 14 3 R 2 1 5 280
BSOS G, T LA B — A2 AR 7o 2 AL B4 A 1 AT DG BREC (35 768 J2 7 AR T — 31 Bl P S 1 50 43 A
{5y, F AR MRS 55 T SR AT AT 7 i 90— A 510 16 0 i £ G D Y6 B8 (1 A 2 A 1 - B8 Y BRE (8 49 10 3%
% X — A B TR % ik 95% 1. TR IR, 75— AU B FLIR /N (TR ) B AN HU s 1. 2%
SRR K AT, Dk 1 L /N AR A T AR /N T O
i RS HE, TT LAAS B A 56 T 2 04 JE) B R ~F St i e — ! '
BOF(L) o FOA) FERFLBRR ST A 3543 7 & )

(LB ZEIE 6 P F(A)= 0, %% A KT A, B4 I0 H R -

0,00 A, R5d2 P B R ML ;. W A, BYIPH B R Ay —

FEN L, OE— B FLBR RS, I F (A ) B BRI 0 ~ A,

K4 H F(A) =, /L. % A=0 B, FR @R Gl 0 WA A 3
B I o5 0P T8 A LA RS XGERE ) P () S RAEL F(A) J2 Es5 BREMERRTRITEY

}El/l:\"rjﬁ;%—l: ( EI] a ﬁ}ﬂ)%sp% %% f']él ) E/‘J I‘Eﬂ l;ﬁ N Tj‘ ;% -H» PR Fig.5 The cumulative gap size canopy function
B, B L F,(0) Fon AL R R ek %, A F,(0)=P(0).
i Beer-Lambert & HEAIEHAE A2 (7) i — 28R AT 15

P(0)=exp[ -G(0)L.L /cosb]. (15)
¥ F (0)=P(O) A R,
cosf
_QeLezG(a)ln[Fm(O)]. (16)

4 F,(0) AR LT 8 FO) AU, W Sa o E R E TR 5 Q, MBS SR8 8 Q5 H 0,=0=1. X
(16) 5 AL :

cosf

Le:G(G)ln[F(O)]. (17)
K (16) M (17) Z45 73 AAHER AT 15
In[F,(0)]
Q"_ln[F(O)]' (18)
5% Lang(1986) {7 , i 1 XF FLBR BE A X BP9 5085 B A Pk, BAR A 0T .
Q(a):w_ (19)
InT(0,0)

0(0) 2 5MAMEAYNEFEEL, B Leblanc (2002) BYBFZE & AR 20° ~ 70° 00 £ 3 6l N HAE 2R AL A K, I
H.30° ~ 60° 8 £ 715 Bl i A 8 00 P-4 4230 7k 2 1 A $8 0724

5 SRR

ARSI Y H AR 2 A AR K L — R bR a7, 430 H # H AR AR AL ( Cannon EOS 60D AHALAN Sigma EX-
DC 4.5 mm faHREEK ) FRAGH BRI AN b T 38OE B 35 (Scan station C10) FRIBUR A 5 2 K | P i3 RS 1)
R o e A s D s DX 1) 592 - 1 AR
5.1 &aBE&HS

I H AR 6 WA FE T SR B EREUR IR R R R P m (363 0) 195 RGB fHIE
6, (255) , BIT RBRAE T3040, BRI n A TR0 B H DARAEAEA TR < W00 T 1 el 2 FLBR 43 A5

BRI EME LA E T 00 ~ 90 ML BIFLER (5 2., n BUE AR fb 52 mFLBUR (5 B luw £/ 5L
Bt 2 Bt L AR AR AR i SO B S Bl 2 AR, FE ST T 6 Rl 43 7 ik, RIDKE G0 538 n A [R)0o (B 36
(n=15,9,18,36,72,90} ) , X} i 6 R Y53 HEH (A0=90/n).

— 140 —



BT, Tt F QR O TR 00 PO IR B 5T

(b) © (d)
6 FIRERABIIE. (a) B BEBIREHLIRE R (b) EHRETEHFRER;
() IREWE S5 THHERER; (d) REKE 905" THFIKER

Fig.6 The process of hemispherical image : where( a) is hemispherical images captured by fish heads photography,

(b)is hemisphere image removed branches, ( ¢)is hemisphere gray image after five ‘ round’ under,

and(d)is hemisphere gray image after nine ‘ round’ under
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