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DAEBBRIRAES I (8] . G Bl A AT M, PRI S B i TR AR A AEAE R
REIRFF L — (LAY M AL IRBBU s B8, H s iaitE B R ad bk
SFLRRSAE R SR G af A, B B WL e 5 3t 2 2 B LA SIS H R ARFALE 19 7 Rt
T, A0S 27000 B AR R FHAR S AE RS B R IAE S A . X T HEHOE E KRB, HXS AR
FEIHAEA R B BOMAS [F) A FEAR R B 1 AR A SO R AIE(Zhang et al., 2017), 40l R A X e
AL L HEWTE O /2 B S S8 (I &8 BRI A AR R DRI 7¢ m (1 22 e i,
R AR A A% O IR 2 —

N T IR KBRS S AUE R AT AR, PRI, Jofa L T — iR
WAL LA A L TR A DR TR A = 4EE A T S LSRR . — dEdR A%
A (0 SAIL A KA H0E = R ou 3R B )= BACTH 2155, AR e
2 00 S S — LT (O R 2 3UAR A SR (Verhoef et al., 2007) . JLARI e A5 1 U2 45
CSPRRITE SANTLDIRE KL NIQ 7L/ LiE o SR NI I PARCE s Z X1 it By e DA C1)3
U, RERSAE R LB IR BT NI R . = ERR AR AR AL A LS R A
SLh, AT DUBRAU I R B 2 RZ R BRFAE . AR T AR Y, b 137 5tk AT
AR, AT 45 = AR L RE o B0 ff 1t 255 18 11 1 S Jo 2 DA AL e J 2 ) PN i 45
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AR

AR, —4ERE SRR 2 ) 1RO 2 B B, BT BT 7T T R AR E
S 5 A SR AE 1) B2 B T2 FL(Béland et al., 2014; Schneider et al., 2014; Widlowski et al., 2013).
M =Yg S AR i Y, ] DLg B 7y M K BH 58 5 7E AR e J2 v A% B i A2 (Disney et al.,
2006), WATLLRR K e — e B Y, IF F 138 )%™ an (1) 4 77 (Cahalan et al., 2005; Van
Laake and Sanchez-Azofeifa, 2004; Zarco-Tejada et al., 2003). FRItZ 4k, —4EfE ST
58 0% 4 B A A% i vk, AT TR R ST Y AT AT 1 B F (Goodenough and Brown, 2017,
Kuester et al., 2014).

BT, fEREENE, CAaKE T —RIM 45 E R A (Kuusk, 2018), X LEfRAY
REBERRFET AL st M RS S M Sk B A B W ER (R 1- D),
B2 H AT I R AR SRR S B 4B B 5

& 1-1 AR = HEsHEmRE
B BRARE U HREA HAG R S5 300

FLIGHT FeLRERE:  NHE fifL LAl (North, 1996).

(Gastellu-Etchegorry et al.,

B AL bR K4 oA
DART BEALFR RS PR TS 1995)

M. 4 B e ) (Govaerts and Verstraete,
Raytran  CRER e s
(D 1998)
RGM EINE NG FREEH (Qin and Gerstl, 2000)
RAPID A NEERT4 RIS (Huang et al., 2013)

1.1.1 ETFiEFEELNER

HR B FE T ORIE T RS TR R s R R . BUE I s i T oS N B R,
BN TG T R IR SR A5 T I B 5 ORI R S e B R 3 St %) FLAth T 6 313K % 1 T
RS RE . IX P S~ EDIRAS RR S 8 F — N TR AT 8 B RIE, TSR AR EEAN 1 7T 48
S99 « Gerstl F1 Borel f&441% 77 v42 F T AE 4% SO 58 S REVE 20 A 10 32 2L DTk 3 (Borel et al.,
1994). Goel 55T 1% 7715 K & T DIANA 152 (Goel et al., 1991), ZMAET L REGAETT


http://rami-benchmark.jrc.ec.europa.eu/HTML/RAMI3/MODELS/FLIGHT/FLIGHT.php

1.1 = e S AR A R R BR

N B B = YRR, IR AR FE DTV T AT WA 2T AN — m) SO L7
FOEIEAR I AR R R B T H St E A5 BRE . FRERE TR T 5, Qin & A
KRR T T EIELLEE M) RGM # A (Qin and Gerstl, 2000), T2 F s XA — 7] /s 4t
B, HSsEERA L, BT TR — k. S E AR A2 RRETTE, THESE
FrA Tt cIA EAER G, BERERE RIS 345 2 AN U000 Af B i e . R He o B L /R B O
fEEFANH G2 B AT AR T (View factor) , RIS oK 2R, HHACRIRMK,
B 20T HARER T SRR RGO v T kIt ia @, Huang %5 A\7E RGM
LR % FE 7 RAPID #% (Huang et al., 2013), ZH 2 LN ERTIG, MK
gD T s AN, SRR T TR UK RE 5t

1.1.2 EFAR&KEEFEE AR

SERS RESEEAALE, LB B RRAE = YRR A AR A Y O S ek, RO 2k
B ERSFEX A A R AR FE 3 5 A A )3 B (Disney et al., 2000). HR4EANF HIHF 7S H
W, JGEGB B SLEA BT DG ZB BR AT S A OB BRI AT SR BT e AT DB RIB ER R fR Ot 2k
MOGIE KA 5, Gith e R R E B IR SRR, MRS mDGZaB i, 6
2 I AR A R LA BN IZ T M BE LRGSR I AR . AT DB R B M TiHR 2
JZ BRF DL K it vl 5 e B-F AT A SC R 1)@ o 5102, DART A28 sl 2 5 4 FH A 1) DY 408 1 S 3
() = Y45 5% 4R 71 (Gastellu-Etchegorry et al., 2015). 7E DART #R b, SugRyRE 21
BHUT I CEHURIRE) BT, JRE SIS EE. HAT, DART SRR DRI 2
iR SO, BE B S LA RO & A RO S 5 2 Rl B dE . BR T DART A2 4,
Raytran(Govaerts and Verstraete, 1998). Rayspread(Widlowski et al., 2006). FLiES(Kobayashi
and Iwabuchi, 2008) LA & FLIGHT(North, 1996)#5 714 25 # 2 S 7% (1) i [ Yo 2B BR AR Y . 7EIX
LEAE R, Raytran 52k T 547 ROOULRIBER A LI : JCZe VORI K EA 5, 3
BT, YOREAAY SRR LTS, AT iS5 A3, T Raytran f 74
A AMEATACENLE] (RIEL e el 784 it ), BItt, Raytran BB THERLRER
IRAIC, I8 TR ERE NG A e R BIRa e I as R . ILepl 78 2RI b2 iR A A = B TT
s, MEERBATATOTHR, WG —E KRR BLA, i R i SO AR
AP BN FE A E, BIH A Raytran SAUE0 2 3k BT ) )t 26 BRF I, &N BT
s B — R o N T R Raytran BRG] R, Widlowski S8xf HLibAT 1§ IR JE
T Rayspread 1584 (Widlowski et al., 2006), ZBM G| N T —F “ED6Z (Secondary ray) ”
HIMLH], RIFESGZ 53 e R R — S R AR G S — SR 2T T B O il i%
ST TR T RERICH B RE B, XA HLAIAE B LUBUD RO ANSHCEBE S BB T4 R . N T
BEng [F AP Z AN B, Lewis 28 AN KJE T librat #i5 (Lewis, 1999), 1ZARAUE H T —FFR
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A “IEIR (Ray bundle) ” M, RIRFCE2EE T2 MNEBRNBEER, E81
b f, JERA TR, T RARE GIE SR A SRR R G Z BT A 1R N B
T ER, FEEROCEA RN A ERA oM, PR T HESE.

IR A DGZR PR ER BIRRR AL — B [F] I B 2 AN M FE 1) BRE, (H2 FERARR €
7B ITRINRCE M A G, HEZEFRR IR 2 E ARG R IR A A LSS, &
BREMIURIUTE, THEEGERSW RER 7 — MR IR N — o, X775
THRERCRICHAR. A0, AT RDCLE BRI 58 AR R IDEEIB BRI AL, RUNJE DB 4RE
Br OB ER RS HE NAR IR DGR, T AR AR A7 B 5 R WA S 5t . X R
) #1422 /2 DIRSIG #%% (Goodenough and Brown, 2012), X F4 1t {8143 DIRSIG HE7 G
HIE A H R T AR AR Z O D S R BAE 5 2 m, NI 4E AL RS AR Bt
BRItz 4k, VBRT(Li et al., 2018) /2 2 T J5 [MDGZE B AR SR 4R AL, 1951 T )5 AL
= RCR, IR RS S A RS Al = 4E S5 M K I R R RS 5 o

Bk, Refs [EBT AT BT [ Y6 R ER BRI S 1R 6 4R BRER AR S AR iR U AR LB R 15
HEAEENSZAME, T E R RS AR EEEL.

FEIFENLETE 2408, LB CE N T ERPEJMEE, KRENERSE
POV-ray (Plachetka, 1998). PBRT (Pharr et al., 2016) LA Maxwell (maxwellrender.com) 4.
X EeyE Je A AR M T O S8 BR B AT IEAT M DL AT CPU A4 7% (SSE2 F5 4
£RAF), MM REIE IR 2B I PAT R o H 2 e 3 BT miATh SR A2 EEAGABEHUL 1) S S SR R
AR & ERTE. Bt 780 R HIE LB EER A, &6 CF R P,
TER —A1d T 28 A AR ARSI = 4E4R SR i Y 2 — P S N R BF AR R T = . 1)
W57 R LT POV-Ray JFK | — ANk 2 = 4R AR S A, A S tiof v L T 2 U8
F AR N TR A et 2 e A i BB AOM (55 R E, 2005) . [RIFERE T POV-Ray, Auer 5 N\ K&
T AT DAL 5 R 5 B A (Auer et al., 2016), %18 GEAE AL 24 ) Hh 1T 37
s HREAESFE SR, M, DIRSIG BA#4T 7 — AR E M, HI3EH M2
B5| N B AT BT A Ak v R s 245 36 57 (Goodenough and Brown, 2017). 14k,
DART A EERY T Intel R BFIFFIE 5 14 BEYC 2618 B F2 )T Embree (Wald et al., 2014), FT
S o iU s DA R ER AR

TR, FEETHEVEAR R, 3T GPU (Graphics Processing Unit) )l 7745
2| ik >k bk 22 1) ¢ 7E (Bailey et al., 2014; Efremenko et al., 2014; Malik et al., 2017). GPU A& £
e NETEAE L T8, Ha H T HASE R A RERM TR, Bk H A& RENH
TR E Y. A TR IR R AR L iR L, Bailey etal. (2016) JFR 7 — & T
GPU Ji R A R R fm AR Y, Reg A4 L T U BRER A i 5t (R X R &g
AL (RToiY) , kRN Z NN . 5 CPU AL, B4R GPU FHATRE IR
i, B2 GPU R AEFRIAL, I H GPU ANREMALT CPU iz4T, AbASEhrit &Lz
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B O TR B A AN CPU f6 % % GPU, 1T 558 G FiA% R CPU, 6 T4 & LU B K I B
F, XA R R A S FERR I (AR, BRULZ AL, XTFRAR RGN ES R, HEUEEA
SRR, TCIEfE GPU L EEHEIT. ik, HAr =4 L i 5Ll CPU 3.

gk bRriR, BE AR M=4EE A AR R 4 DA A Bl RN E B s
BRAE, HUHBEENRKRESRHRENTR, HRE—EERBAEALEWHR
X BRI R R BB R BRI =B HMERIR R B AU DR . X2 R = Y oA
TR LESS HIA4] .

1.2 LESS #RBVE K [RIE

LESS (LargE-Scale remote sensing data and image Simulation framework) & #& T £k 18
P = YE B SR ES RSB, B ] U S S st B i Ol RO BL&
FESD s AR N B (ISR R, OBEE, PAR &) o BTIE ELSEEE R TR IE
=M RN AR EEEEREHNFIoR (B, FBESE) , XHEKESE
T AT T 4% Gt 1 [ A Y v i ) et B AR RSARR B Ak DA S K g I 33k i 81 35 S T A i AL T
A E M, Bl LESS B B 5 3 5 10 &2 202 BE A AT AT R i1

LESS B SR N 2 s M = 4e g5 A 6% . LA, SERSHE, @il
HERIAE BR (1) 7 TS 21 BT 75 22 1) 2 S

1.2.1 =TT

£ LESS fRAL AR, BRfa] L LATARSE (Bl BHERIASE) 3 E DA =fyth Fr (1)
HARER, ZAIE AT LBy et R V) (R FOSC R I 254, @RS, =M
N, A BRI TSR, (HR AR EAE R T 2 1 A B 1A
1- 1 JE&7s T A =AMER I — DRI DU R RO . IWEI R DUE B A2
M— &3 = MR R o
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N AT

[E 1-1 LESS P A E Tk =4 454

— RIS, ZAMNPREN=MIEA =T (Vertex) , A8 X =AW i H AR i A7
77 RN B = MY (Triangle) 73 A7 HO BT, PR N AN = A JE R A7 3N A
T, HEXM T i R ERTURE R, AN AR BRI & T 24 =M%,
PRI — b BE O A B iR i A7 7 2R = A PR BT TR DR A 9 — N, R 5 RO R =4
W= R AEZEA T R T B 1-2 J8oR 7 — PR = A W BB s &5 4« A3 T i) XY Z
MR PRAFAE — AT S (Vertex array) , —MTETA RG] FIE (Triangle list) M {R
AR =M =A TR TR B P A BAS S, 10 Triangle 0 1) =N 284540 70
(11 C2 20 2,03 3 3)

T,
4 :> Xp | Yo |2y [ Xo| Yo | 2o | X5 Y3 45|

Gi¥=10] if=g [if=V
. / —
¥n \O T1 2H1 f 3H2 ? 4J
=@ o = =FiAl =@

1-2 ZAMEERR
3 A = o 5 ) 1) — P L R SR 2 Wavefront OBJ SO, B & — Rl 3D 43
BRSO, WVr 2 4B B SR AR b, OB XU — N CAS M, HFHATR
BRSO, ATULE A SO A AT i . OB) XX EEH Tk 24, Jf A
SCFFOUH Jeiki sk . AE LESS A, = B B 1K) 3= 222 OBY S IIrdii i i) 2 B hr B R 3R
DRI 77 SO SR BefE B o OBY SUAF I —ATAT SUARA L, B —AT 1 — AN R BRI T 4R LA UG
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ZATHIEYE, W g v. T25, G B — 4. b FBRTiid, f&RmmT. A
'] OBJ SCAF4n R Frow:

v1iO01
v001
v100
v000
gtl
£123
gt2
£234
RN T —NEAKFR N EADN =M, silUATERR TS, 9k (1, 0, 1),
(0, 0, 1)+~ (1, 0, 0) A1 (O, 0, 0) , HBHMELIATRRDH, BHITMNELITZ
BRI — AN, HAEHRN “t17 .« BB GRS AW, HaHN “©27 .
fRmyt, BIHZE 1. 2813 (83 2. 3/ 4) DMAHAR—DN=/AE (FWCFE 4 A0
BHBIZHIE) « FEFENA, 7 LESS 5 A1 OB] XX AL FLEIR R, Y HhE] 1.
X HiEAAE . Z fhaE E A .

X

1-3 LESS #1 OBJ {404 ¥R %

122 R TEEE

£ LESS &8, AR F IR BAIZ Object, & Object AR — A ukiE —4%+
%, Blan—ER . —a 55 7. Object =AM RFR, TR FZAR—PEZA OB XL
o il 1-4 Fras, BE—A> Object AT HEH £ 144> (components) , BEMMH 73 AT LLE L H
DG ENE, FIAE LESS Hot 2 @ PE & S LA 7y N HEEA BT .
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@ Objects Definition m] ®
treel Add Delete Import OB}  ~ Delete 0K Cancel 3D Display
Objects: Compoments: Properties:
treel tree1_|eaves.obj
treel_stem_branch.obj Optical Property:
Object i birch_leaf green -
o Components

Color in 3D Viewer:
Optical property

B RGE -

1-4 7£ LESS #E X Object
i E RS2, 1E LESS HJE I Object JH&A BRI EE T Hh, e 724 H 5
BCRIANFALE, B—4 Object 7] LIBE 7 HC 2 2 AN B H R HORAFE TS 36 [, 1L E
HiI#EAS OB LA T A =AM, X HEARBERR 2 5l (Instancing) AR, REf8 5%
Hiu gk AR HAEH

1.2.3 HZLBIEEKRIE

A EHLEE AR, 2B E: (Ray tracing) 24538 K& HHE L I8 i AL fn 4 42
AN =GE s A il — AU 735, AN &, J62B Bial 2 v BG4 e
T € B s P B S S AT IR A2, B 2845 BUAE I8 e 0 R B M e %
FEE R Zid R v DU —ANE G 77 122K R 7R (K ajiya, 1986):

(, )= (, )+ \ (., » ) C, )lcos | (1-1)
KA O, VAR AR FREEPESE;  (, )N B FREET
SR (BlwmgESD o ()RS M XA EUS 4346 BB 2L (Bidirectional Scattering

Distribution Function, BSDF) ;  (, )A mMIEHE FHRMARELE; RoAGFL
&5 RER R EZ A BRSNS 7R SRR R S T %R
AEPAA B S FR R o P DR ] L P A N S A o PR e 3o A2 s I B A ) R R P
Ao
BRI, — DRSO IR R DR A S LT LR (niE 1-5) -
o ZHGFWJUTHR, BN E IS SRS H g INEE T AL BT 58
BHAHR, Yy P TR — BT DU fal 5 LT 44 CAnER{A D - = £/ (Triangle mesh)
PAS MY i (Turbid medium) S58EAT 6, HIIXE o R BT R H 8215
MG YRR Z M A .
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o BRI, AR E P RR SR ORI S, AR S IR ) A O
P KL KRS R DGRBS, e AR MEESEA S R, 1M
MR 2 AR AN 5

o AZREGHRIX KR, R HER LB T O R SRR 15y . B
FEFEST N FouRIEAT RS, #mfe L5EA MR oz ta
Lo ATIREME, TSR SR IR RS TER ()z
Bl & BVH: Bounding Volume Hierarchy) , PA$EESRATFHE IR

o GRILFAFRENHE. X TH MDA SHRNZ S, WIS E
PRI € D 2 R B 1) 2038 L BSOS R T ) e — MR &, AR S THI IR 6 27 e 1
XU HS 3 AT R 4 BSDF SKR3RIR, B o NSOGB 247 € 77 18] e & KD,
X RN 3 E O 5 Rt R KA 2 S5 W R I LR AT I IR

o HESHMEERTHE. @RS SRRk S Re R, DU
ML mARR Y s ERER, DS RMLERES INl ARG B BRItk b,

A DARYE F5 ZEAMOCEAL TR L AR PRI Z A Z FE R HE B, it B E Y
FOCER IHEBUNREE .

LR <C> PR
Amm 1
I

( \p ‘/““
*Ll(pl w1) L1(pz wl) /

& 1-5 RZLBEEKRRE
(, )YEFMNWE FrEEIEEAEESNELE, (1, )N (58X TEkiEE

f£ LESS W1, #%&RSCHL 30, SLEIBER AT LAy N ET D6 B ERANG [ B4R B .
1.2.4 HiEDEFIBERIREY

A G T IB BRI MO S OG T, BREDE TAE S RORUR B8 A2, IR & 5E
AR R RE R IR . BRJUR UL, AT TR IR B R AN RS H SR SR B R

11
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NS BB R 2
1.2.4.1 XFHITSE

75 LESS . £ 8 OBEA AP LI A STAIR 2 UGS, — Rl T ELS A
SR AT AR TR, T 4 B YU g 8 60 [ NS e b

S F BTG, LESS 43035 /B I RE 05 8 e S BB, 2 SR
R 37 SR . B 1-6, 6 T IR A B0 BB T A BRI SRR L BE - — 7 B
MO E, ARG ERAE  (wimd) . UEASBERETIR N =
2

S FHADEIT S, e TR E A EEA HR A EERZ b, SRR R
BRI AMERRE RIY 23 {5, HoT 7 FITE VBRI B LR W00 1 3R 2% I B LR A,
B9 7 160 BA e M5 T DL A SR BT R A R 1-6) o IBER A B e
BN, MARFWREEY =222

Hst

& 1-6 BEFfFMRXT5LET
BAE — MR FE P2 A (RS THON N, IBAEASE TFHIReE () (FUHs) o
PR A

+
oYy —— (1-2)
BRI N AT, A B IR B U G B A e T B L e A3 AT 73
Mo, B =—O - seh K ORISR . BEEENR, AR TR A B

-1 O)
B, RIS T ARBRBNRERE, mHZETRREER AR, AemdrEd, TR
S B T S ARG AN R B ) S S 5O AN R BN RE R EAT 1B 2. 206 1 R IR o B AN
JrthE 2 g, wial Sz T 5 A, B ERER AR f AR

12
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1.2.42 BELATFIREE X

e FHA RIS R cR K EMEY 5, HEEES AN, e E
5 R AR T BB DL SR S BSDF o0, S —ANKRAT IEHERC T, HEEE
BN

O=°0) [ ¢, . )] (1-3)
=1
Job (. )RURAEH ACAULE BSDE BB NG TR B I,

LESS H, & — KA 56 Frlae bl i, WrTaeRAES, — Mok RS S IR
HWEN 0.5, HRAEMREE, 6T 0t J7 A B BRDF 5% BTDF 7€, BT £ LESS
HORFH T T BMAR T R AE, DRI 7 80 Tl 4 B B A 9% e 3 0 07 HH S I R
AT BENLRAE . EAh, B TOLTFRIARERE SR TEC, R AN Ak B 1) I it 2/id i
RO B e EIT BN, Rt R ETEAIE AT S5

YT M IR R S 2 Ja, AR AR SR Pl k. i A Mg se il
Wik, EEFREEEGFMILGERN, T UGB, 8 ES SR
I HEAT S, DK IO I 5, H 2 58 o a1 58 H e Rk 77 202 1 55 ] 5 1 503 11
fr B LUK BIFEFE AR . W 1-7 Fios, 206 T N5 Gakikiy, Haim i s) 2]
SO ST FE DR RN 7 N5, BELEDE T WI5t R B 37 e B B ok 21 1
TRBAE (Bl 5 ¥%) (Kobayashi and Iwabuchi, 2008). A 1 850 A\ A#R K 145 37 M i a1
REEMIR, ST — MM 20k s, AR 8 0.05. WO6A )
Weskik, MAZET AL — MR

NGHEF KFEHRHER

. # . * ?
\ 5 ¥
: ,’ AN \ P I:" ’1 3 5
¥ [ 1
' : \ ! [ : 1 " !
' i 1 ! 1 i I 1
: \ o X > \ [ 1
w !
1 ’ ~,
\ ’,; i B /I -
A
s ‘ [
[ J
1 ) i
1 e 1
I. - _ i -

& 1-7 AiEXFEEEEREE.
S T 5 M\ B B T R S 96 T, e L T R T 10— L0 BR T 4 4
(Govaerts and Verstraete, 1998). Jy T iF5% fi i RATAR, P BRI A MRS
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1 R YRGS LESS

ANETE, ARG =20 W 1-8 B, 4 R A T AR B

B 2 SRR TS T U UK PR AN, AT RIA = . ZER T T (BIEF),
AR AT A

= - 2 sin ;jj = _1(—_1>2 (1-4)

H(, )X THREM—AER, H =5  &KRIM GHENESIETA R

HE, H o= . HNEEMEAPRE H =2sing AT, —

fegenm bl veoE N 1, BANEMAXISAE T - A,

B 1-8 FIkFEFEREID A
T B, XM IS IO RRE, 56T BTSN iR e R
MEETLR, ZMHH RO T ERRES] Ty mht. Ao, W TR A
Xt LR S, R

= 1-5
A -cos - (1-3)

b REC SERIMBRCTRE, B =, A =2 ARG AT

SRS T DRI RS IE ST (5 K/h—80 P
LRMRERE. HENETMREEREETRG, BRI RER RN

—_=t (1-6)

1.2.43 BN TFIREE X

1.2.4.2 F5 9 Brid B 5 S0 - BREE BEMO T — NIRRT 52 i i 22k, JF H BRE
S /NI T SR A THREAS 2], Y N o AR NG, TR 2T A R 2B

14



1.2 LESS xR JE A Ji 3

FOERME. REWML, £ NRICAETIRTERE —E R ZE R, BFiksd kit &
ff) BRF AN 4755 L AE = X _E B 77 0] )2 59 - (Disney et al., 2000). 4 T fil# $i% 7 @, 7€ LESS
R T ERDE B ERRE, %71 T DART #A ) « BB 7] (Virtual direction)”
(Yin et al., 2015), Rayspread HH [ “F| 4 (Secondary ray) ” (Widlowski et al., 2006)
PN HA KSR ) “JmER84511 (Local estimates) ” 2:(Iwabuchi, 2006). 24— 15
WsonaE KA, IF HEE BRI EIEN T, HibE R (R 2115 BRE
770D RS ROGT, IF BB ASOG A Rl SR eV KLU T 5] Bk 1 R &
(W-sr™1) , &

= . 1. (¢, , )ocos< , > (1-7)

A TERORIESE MR SO TSR 2T BRE R 2
AT, AR RO TR ET PSR R AR SOt E BN =0, B =1, K4
HEOE T, WFHEH IR NIAGHN (K 1-9) o &K BRF iHH AN

= (1-8)

A ABITT A AR SRAE(W - srThys R MR TR o R REAOT 1 B 5 1]
SR ILAAE T 1H 5 BRF ALK A A2 JE R /D (Thompson and Goel, 1998), tHE %55
FUAth 4 SR A A A R 4T UL

---» EHULT
—> HIEF

———————————————————————————

1-9 BRI TFIREEHELITE BRF

1.2.5 [FEKFBIFER

SHTADCLIBERA R, Ja FOCEIBE MBS KL, IR ITZ &ALk 2
PRI ARG . DCERINER AN BT [ A% AR R T o, Banilia i 2 & LA

15



1 R YRGS LESS

SO TT 0155 o 5 [r) G AR I8 B3 1 3 2 SR B 8 ST R SR A SR AR 2 TR — FRER &R, AT
FOROIRBME KA 2 BB RE I Re i, EMERRIRZN “#84e (Path) 7 o BIAEART T
Hh, BRI A G ZRIB BN JE M /2B BF (BPT: Backward Path Tracing) . J& [A] % 420E I
FEHTREBGAR B, TR MEREK RN 2 %004, ITRRR R R & 1)~ 2E
NEAWG T, FIE-F AR A (BE BB EF LT MG G T2 R A
KEAR, X G R REEEEP R EEN S —.

1251 —XRESHHITE

HIR ML RS R R IF R B S5 R B8 — A R, FREEE R (RUEKFHEGE K
) BN RME SRR, X RN IREU . BT I35 T RE R AR R R
FHE KA, BUAE TR — OO i R Hh 75 ZE RN L e 3 A R .t 1-10 o, 4064k
FIIE I, KRR —E M 2R A K H AT RSO P N R S R BE AL A, 18 R BH AR
SRR ¢ M ) ATLAE Y 0.5, BUERIE R DR E#ATRE, B =

- ( >( o RREFETI AT IRIE, FLACTR T LA BT A -

o IRFEHLERE T KB, AR SRR AR GUR BB, Wk A
5 AR ICRER, A SR ORBAR ARARSS TTRR Y 0, W AR R A,

KPR/ » RO KB AEAZTT DGR I,
W H 7 R R E R, R = 1

o MERBEHERET KR L SPTER AR RBENL A AN TR, IR RO
HKERERMAS R - R 5 ZEEER, WRAESEA ,
X RoRAE KAz 7 RO R, ik E a0 =

— MEE RCTIHELZ B A .
TR RIS LR R AR AL, Foad fid RS m o BTE
LESS i 7 i v ia R, R T w0 42K e AN A KD R Ry =

(B =——) , XM T FENXERGELL BSDF 4T 1 KAE, RZMCRFETT

O H R 2 N2 BB ERAE (Multiple importance sampling) , B 120 & 7 LS 21 2
Mk % (Veach, 1997)

- 2 2 = 2 2 (1-9)

IR Z KBRS FAR A R R 5 B Dk oy
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= - (C, , )-cos
(1- 10)
_ coS . )
KA AL IR W FE DTk A
= ( ) - COS
(1-11)
- ' (1 )

8 134
D sun pd:f;; 7/

Wy 7 Pdir
! 7/ /7
Wn W
\ V)
BSDE AN\ 1 ¥ atm

q

1-10 RERSHTEERE
1.2.5.2 ZREERTE

AT EUBOT, KA AR BSDF BN — 20 b2k, AiZoes: 55
HAT L (B 11D AT (A SR LR A B e — U, M, B4R
R TFGERE &S SRR, XA AR R . 4
oL T B B E B BT, B U P B BRI R N T e
N AT 1 Bl R 3505 £ T T 5 T SR R e A 0 0 T B P
WTHL, B DA — SRR Sk IR fE A, X R R AR T i

MK TCBR I sy, X T AR IRER R A 64k (Sensor ray) DA AT B5048 S YR DTk
B EHEDEZE (Tlumination ray) , #B 75 225 EIAG AN . AT TG S ib 2 25 H 37 5
i, 75 EM A — A FR M E o AN 5 (B804 , DURFRFES =25 Al N I RE &< fEL
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1 R YRGS LESS

— Rk
==+ HRRNE
— fERERAK
""" > SRRtk
""" ~ wEtMAE

____________________________

1-11 FEEBRREREES AT EREE

1.2.6 LTINS IR

TEMLLANI B, PR AR S 22 00 — e W RE R, LR SN A e ph T B DA B R0 e
(Emissivity) FTiR7E. X RBAARKGE, AU E @ (Planck's law) SKAIAYIA K 5T
WM L 5RETUAEK XA

2 2 1
(,)=—7 (1-12)
-1
A =1.38x10"B /K A /K 2% 2 H L (Boltzmann constant) ; = 6.63 x 10734 s
R BRI B (Planck constant) 3 = 2.99 x 108 m/s AtiE;  REEK (A m) . &

LA ER S E B E Wesr~tm ™2, f FARRAATT &, JLR G5 B 55 T [R1R B2 T i 2k
AL T R E, Ble - (), ).

FE 8 ~ 14 pm P B, KFHIFRSS 5 ) AR S AH LU I B899 2, BRI AR A2 A mg A
RS K FERT NZL AR S I O Rik o AEZ KBNS 6T B R G R B 5% 20 A o RO M 52 i ) 4k
T R T A3 AT, 3T S e BEAN I s M IR AR S R, DRI AE AL A v 7R S e
FEZ LSOOG 0 AT o —FRIM S, EREAE R, ALK RocR R0 Uk S 5,
Flge 28, Sulemt DR BASEH o MG RIE RS (41 DART) fEAAULFALT S i I
Jeids ERMIFRAERZ AN &, IR TR RIS, FEMERE b P4k BBt AL A
B, TMAE LESS 1, RA T SLmf &I 80777, i fe 7l s 2&E 8, mwb
TR, JUHRY TAERE=MHEcHSE, ZiERAEENRS.

Kl 1-12 J@7R 7RI G M R AR IE B LD AN AR I R o 2R AR IEER HH R 3R 2137
SR AR I, ERMBL SO R T KBNS 7 1) A 5 — SR B O 45
(Occlusion ray) , 1R FA B HALIFOTRPTER, WAL ITERE OLlart et
MR8 B2 70 T B AR 3 B o0 R DA SO A et 5 R R R, ez, R T B
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1.2 LESS xR JE A Ji 3

Foua (oM R eslE L 9D MR REE .. RS RE MR A (1- DR
kﬁ‘ﬂb’i (. ) B TREBIS, HESRITR RS RERE UL RN RSN S
WRFEANEREE . N T HERE e, KIS AR SR A B, RRRBENLE
BRI fAR RN TR, 2O RS 12,5 WA R B, R AR
A ATHER 22 KRR 52

QOB — EARRS A
— KPANGIEE

q.
4 g ol g
iﬁ-jm%‘f AL 5Kk
£
‘E ! i HFANH
!}H T/u-I-H
TAg 1 KPR

& 1-12 FIRAEEBRREEAEMRIIMESTIETER
1.2.7 E#EE 5 E FPAR 1=

fﬁﬁ)‘ﬁ?ﬂﬁﬂr SR, AR T S DL ROon R RED s, AT LR R
1147|253 41.5> FPAR (Fraction of Photosynthetically Active Radiation) . WK 1-13 s, 4
7‘6?'—5%5&*773%% Chny Fr ) RAEREARE R, AT DURRSE - R IR A e skt SR R A e
KA. MR T, HARRBCRATZE RN 1—p — 1, Hht @R, p N4
xR, hTHELd -1 KEHEFRREEAN

-1

O= %0 o *+T) (1-13)

=1
AR EEEN T RA-3), AR, BT WSO ES AR R U R, 15
RE B4 1 AR PSR iR AR A

X

’,’(\ o~ ‘\ “\ l”(\ -~ \‘\ (\ ~

7 e i 3 J

e - | ". dije

N NI @ !

' 0 Q& :' 0 Q&
% Q7 ‘N Q7 % Q7
| |- 1-Albedo~<] |-

1-13 BEESE74H4% FPAR &1l

19



1 R YRGS LESS

NS FPAR, TERF—AMbEE s, AT LULRE TIRILRERE N —p —T) - 1 ).
130 Y [/ e 12 DN 1 O A= M D W& 11 e a3 | P I 6 0 21 R | P i g = e
WA . RN 380 nm ~710 nm 22 [] ) PAR HEAT I BEAR 20 BRI T N S ) ] 159 31l B &
FPAR HI1H .

1.2.8 EZHMFX ETITiag &l

Hi T B RS ARG T 5 358K FE T A7 48 0 B A BOR 52 IR (Yan et al., 2016), %5200 3 Z4A T
FE AR bR 38 B 11 5 K FH NS5 77 1) SR A R 58, ) BB TR 56 7 DR BH R IR 2 016 PR 2 424 DA
ST 2 18] B R B U (Wen et al., 2018). O J 5 B2 HIX A HUE XS T L T ATHRSS 5200,
Hil & #7221 52 A < (Dozier and Frew, 1990; Li et al., 1999; Wang
etal., 2005), fEFTAH XA, FeT 5255~ B DL AOC A ERER 7 VR R A Bom R B
T H T DT B B A e N FAT4E ST, LESS X — KRB F KR —. SHARR
RIFHEL, LESS MRS BT R B A1, My HAEMIE 2 AT DLAS IR AT 52 % ) A 4 i
J7, ATLLE B2 IS E 0T BTN ATRR S R R

Kl 1-14 J&7R 1 LESS W B FATH S B I EE A SR 2] . B Je iR PR AU 7 20K 5 51 23 ik
FEARPIAG, FEAMEN—MEZE (PixeD) , H H B2 BB WS R ) AT AR AT
B BRI T AN (RRIIF S RME T om, WIFRERSE (06 B G Rk
E TR T

o #PlYP2RETARMIGIC (Pixeld F Pxiel2), NIXFHHHMEIC (Pixeld) idF 47

WA, XMIASHEIT (Pixel2) i3 FATHYT;
o WRPISP2ETH—MEIG, WAKESR LTRSS AL FTHES, BIZEUH

e SNSRI E IR
o IR P1 AL RDET M PL MRS EIT iz, MAES R T (Pixeld)
(¥ EAT ARG

Pixell Pixel2 Pixel3 Pixel4

1-14 FAEIEEFIREEERME R X ETITES
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1.2 LESS xR JE A Ji 3

LT S R R, R B SR SO R, AR ISk FRAEAE MBI I B
FEAF, a0 VK S A o B S 2 S TRk S A R A . N T RERE AT IX
AR AN I N AT, LESS RH 1 2T SUH I UM 5 4m A\ 53, BRI LAAE LESS
RN R SRR, B MEER IR TR RS I B R AR B 1-15 JoR 1A )
P50 S 28 LA R 23 ) A S B T, ML 2 18] 22 IR EUR IR EE SR o MR RT LA HY
BSIRASRIGOLT (B 1-15¢) , 2 REUH B R I X3 E AR LA X, B4 w1
WEREBGE, 2 RHUN B, 1A IE SRR A (B 1-15a) KA 2 IH
0, 2 ORI RO 1 DX A A UK T e X (1] 1-15¢)

109

1-15 =8[E 340 R 5 3R K 1 5] I 9 2R T T 2 )R B T THR SR
() EXRBEHIBERMALE; b) ZEBURFHRFATZREHRIUER; 3) I—RFRFER
TZRBEH RN R

12,9 BEXSESEEREU

7€ LESS #fildr, AT SR CRBHARSEES) AR EEMANSE, XUESH
A PSR H S2Brill &= KR RATEESS, el Pk E FHAD KSR MR . AT RBE
PAFE KRS S HGE AT, LESS AR FR 38 01 S 4 AR AR AL R A

1.2.9.1 KEFEXSIER

HTRAEAEESY)ZEN, mHEHS— 2N A —, KT LESS #, K
SIS ARG KT ERSEE . K 1-16 Fias, B—/KFERDEZEEEH AN S HEHT
fik: SESTFIHERE  , SRS TFRIREET RER S8 THEU AR
RIBERIE R EL y RV BRI BT R R DL S I IS R 2 .
F LESS HHT KA SR SHL AT, XS S 0K T BT DA 26 )2 KRR 162
&

= + (1-14)
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= ' (1-15)

_ : .. : . : 016

X, R A IR N AH R BT A s T , — MK H Henyey-Greenstein

BURAH R B0 TR (Henyey and Greenstein, 1941), B

3
(cos )=F(1+cos2 ) (1-17)
_1 1= 1-18
(cos )_4_(1+ 2+2 cos )32 (1-18)

A NEUSHIALA, RIS T S NSRBI A NARERSEL = >0 I, ROoRHT
IHUN SO0 2 <0 I, RoRJE AEUN S

TOA

ext
’ Bgas “gas Pyas
ext

. ﬁaerosol Waerosol Paerosol

®o o

i

1-16 KD EHEH

1.2.9.2 SiENRPiEgEmitE
A. ESHEREARE—REK

wmE 1-17 o, REESEAFFA T =0 M ASEES N (O, ), £#F3 =d
MARN (, ). (, YH=&nrtEd. HEEH (@ ). N =03 =ddfEF=N
ARG ARG 5y (0 YCASJE B AR B TR EC sTEkE s (a0 ). RI{EfL ik
PR B AL, SARPIE S R B BRI EUN IR ZE BN (OF0@), PLE=E 1 T
M.

o EHBEFENIEA: EEEFT RN GRS SR AL TR AR L Y E R S R

REBTHIRE R, HE5RE T NG N RUAL RS A ERiES R, R

22
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(d: ): (Ol ) o~ O) (1-19)

o BERHEES: EAGEES 0, )N =03 =drEEHdEd, ARG

RAF—HaaeE (), REMEESCHMEN & F%2] =d ik, KRS
BRSSO, R

(@)= Olhl-om® (, ) ~O° (1-20)

0

o BB RERE 2 %> 2 b A R B R RN T R 51 R S
INEIERE,  H KNS R B LR B A i e ok, R

(@ )= Wo® Ye )y - -0 (1-21)
0
L (0, )R AAIESHREG (¢ )y SRR EASER T N

o
K A b =105 AT 15

(
(,)=0@0 ) )+ (-0 @ ¢, )+ @O (, )l
0 1-22)

Hepr ()= O - o®]FErRUERIERE: (0= OoOFRTEEUNRE: ()=
o= O "HIRM =0 3] MBI, MEARNECNSINERE, HRRE AE
R ()= 7 .

L(0,w) L(d, w)

® X > '0’ @ >

v “w
Le(t,w) "{T.S(t’ w)

B 1-17 SENFRPEGFHEEITEREE

B. ¥ AN R RS R RS TEK AR

SR bR A T R, s B A Q-22) R AR 4y o R EE MR AR (Importance
sampling) it (I ILERIRIRBIGIHIE. O, ZLIBALKRZ B, wER gk
AN SR TR WA B MR B R, i TAERaNFH O®REXEH, BfF
FET A T, (R AT DU B 42 %5 2 e 4 (Importance density) () = (), HHr
N, S

(-9

(,)=0@0 ) )+ T[ @ H)+ @ )N O
. 1-23)
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BT O, () =1, Bk

N S S (
o O 0o 1-24)
ik, HEEEMERZEERE ()= ~— , ZEERRBEE /= E RO FH g%
KN, B = 7, WOk =038 = ZEAKRAEKRSES, HEERN
(
=1- - = =
0 1-25)

PRI OBENCRFESRR] , RDLE (BEE 6T N RENLETE— 2P K DS 2
RO AR U B s, T DL 0 AR R AE (Inverse transform sampling) 77755 ()
HEAT BEHLR B (Morlet, 1983). ZRAEI I H St 5 () BB Aii 86 £ (CDF: Cumulative

Distribution Function), B[

0 1-26)
UL AT LA BIBEN LR AR

1-27)
b A b A E, B [01].
1293 pREARSPESHEMITE

H T 5 1) B A2 B LG AT ) o I8 R A TERL L 52 8 5 T B A BRI Sl B, TR,
TERAFEIHALST SR, AR T LG R 6 2RIB B 32 AT 528, AT AT AR < T
RS IR, I I HR AL St mT DUBEDLR 25U 6 1 4 A

Bl 1-18 JE/R T )5 A LR BREF AR SR S AR B I I 7R . 2 AR IR RN KR
J& AEE@%@% B m BN LR AR 20 3 B8 42 K5 (Free path) FTiRE. BT
R T RA R ITER (et |, RUREE2E H S R BRI ek 2
T%%aAﬂm%kiw&m%%%&m

o RREXBEMA EAREME, RIRARSES (Gl 1-18 i AB ) . fEIX

FEOL T, T AR RS BU AR DLROGERLE AL B Th 7 A — IR A
MIMER RIS RN BBLLM A SSHELE B S~ A uEH,
LK BRI 200 B AUHUR E X A ST 4R B TTER

= W - . vood (

-
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1-28)

AF KA A5ABZHEPKRRELE; NORBHEEMESE: oM B

T OK B 7 0] 2R ASUZE T K Az ik 2 RGN A SE IR B R
A RAHUE R IR, MR 5 KT CR B NE K.

o JNREFXEEA LKA TR, Rl RAERmE Gl 1-18 i C D) o EIXFh

LR, NCYRYESE /L C ALH) BSDF DL AR AR AR Bl D 7= A2 R AR AR FH g 22

KA e e RN . BRI B rUHRTE C S5t s K AR U,

WA KBRS 2T C S aX B R AR oty

(
L = '(1 ) ) +oo/
1-29)
X (, , )ANC HEA) BSDF R R B B I IRAE C B A
KABURE H R

TR 5 KRN G2 5 mou Rk KRG, #aRAE U A o8 Bl
BSDF /A —/MHiipotLk, JFEE Eidd R, DI E 2 REU Tk, 1245 1.2.5 i
AP RERL, AR 7RO

A
\ X4
: @
tEmkeE g / FYA
P 4 4 .
BEmEE , / / / A% V4
TOA R // / : .

EEE

(@) (c)

1-18 RENLREFIEL K SRS EMT 2
M1 Z0(1-28)(1-29) rl 1, EETH AR ISR AR S, S B B A 2 2 SRR AR il
ARAERSHESHERIBR A, DURBENURAE R B BB AR AR TR K
BARER RO HEIE RS0, BRSZEZEE e R AR E R, ik
FLARAE SN B R TR R A AR K . i, ARTFCRA T HECR ALY
JEEETIANE B BB AS K R AR S AR R AT Sk, B =—In(1— ). BT KT
AT AN, WA RREREEE /7 {3 E HBRENKE, Bk T8 5
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1 R YRGS LESS

PURFERDERERE , fF BEAEARRRIRAS L3R BN, R MO R B1Z ri 22 18] 1) R ARG
JFESET o Wl 1-19 o, B8 (SR T A2 S (o #se) , T

Z BEL R RN A = T . HTGEAE RAEKRA T RAEUN, IBA S
Fofl ZAR R A RAESHER, Bkt "JRikA
-1 . (
1 = -1 1 = 1 =
., 1-30)
LRk A
1 — -1 = - _—11 (
2 1-31)

B 1-19 2EAXSHBERBERERZE

1.2.10 H3EIERAR R ST1REY

1.2.10.1 RPV #%&! (Rahman-Pinty-Verstraete)

RPV & RS R M AR RIH SO S HALE R . RPV THE AP aE Ty —
SR TN SIS o, TR AR R0 AR . RPV [fTH S 30 F

p( [ O @ ) = 0 ( ) (@) ' ( ) =
( )k 1 l—@ —
Po = ( + ) k(1+®2+2®cosg)15( 1+ )
Kbp( , , 0,0, )NMIMZFEN BRE, =cos; =c0S ;» M Jr5ZRIM R
TR Ff RSB K TR /7 . cos = cos jcos +sin sin =( 2i+ %,-

2 i [COS ), MEIUNAI NS T AL IS Wﬁ*%"lﬁﬁO
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Z#l: ,=0.075 =0550=-025 =0.075
i =20°, ,=—80°~-80°, =0°-90°

BRF of RPV

0.26

.24 [eEx]

0.2\
0as | N
0.16
0.14
0.12

0:1
-80 -60 -40 -20 0 20 40 60 80

——BRF(dphi=0°) —— BRF(dphi=30°)
BRF(dphi=60°) BRF(dphi=90°)
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% 2 B LESS {#BISC R4 5]

AT BB A A4 LESS BRI E A 57k, EEARCE 2R
B A ILLAMEARRI LUK FPAR 5454 .

2.1 RIERH

2.1.1 ZFHIEFIGIEI

B fJJF LESS £y (i 2-1) , RjEHrad— MR TR [File] > [New Simulation] ,
B —/H 3k Ex01, JFEFIZHE . & LEFENTL, B 47E [Console] XIHFE F

“Succeed: ‘save path’” {5 5.

O Less - o x
Flle Run Tools Exensions Display Process Help
e ¥ Sensor
: T Type: orthographic
v Narth Width [pixels]: 100
-
. Height [Pixels] 100
Sun AZI
Samples [/pixel] 128
View AZI Spectral Bands: 600:10,900:10
D Image Format: ® Sspectrum Synthesized RGB Image
Sensor
Only First Order? Virtual Plane:
Thermal Radiation:
NoData Value: 0 Repetitive scene:
Cover whole scene:
Width Extent [m]: 100
Height Extent [m]. 100
w 2
B ES 13 Pelygon B Product: Four Components Product
vy | x
L]
» Observation
» illumination & Atmosphere
» Optical Database
Terrain
Object:
sonsck Advanced

& 2-1LESS £12FE&EO

W 7t [sensor] & HHE ALIKABANRIISE, FHESHLUAIT CRIELSEIRFFER

UNAIEIDR
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2.1 HAEZB

28 fH Wi

Type Orthographic ~ f£/E#525, Orthographic K~ AT AHAL
Width [pixels] 500 BRI, DURER VAL

Height [pixels] 500 AR ST, BN HRAL

MR R RADCE IR H, — IR ORI

Samples [/pixel] 1 A%, WHNMEA 32, 64, 12845, {HHK, 4
SUBRE T, BTSN ARG . IR M HRER
Im 5}, AT EH 64)

R B 600nm FT 900nm, Y% B 55 A

Spectral Bands 600:2,900:2
2nm;
B A AR5 20, Spectrum R H 23

Image Format Spectrum AUt GRA7RE Y ENVEBRIERS S RGB image

s P i png BRI EHR . AR 134 R AT Ik

HEA

Only First Order A )ik, RN RS U, T 2 2 IR
HACS T

NoData Value 10 WL IR A L3730 BRI 3 KN, B8 H 1 X 5

' A5 2R AE %
Renetitive scenc 100 AP R S IR A, DI S A /K 7 11 G
P PR F (I T

Width Extent [m] 100 %ﬁfﬁ%ﬂ%@%&ﬁﬁwﬁtd\ (CH AR AL IR AT
S50

Height Extent [m] 100 SPATH AR AR IR KN

m R E UL [Observation]

XFPATBECHNLN S, EEFERENSBOVRM KT [View Zenith ] AL J5
fif [View Azimuth] o 752 LUIEIETT 08 00, I £H D7 Mg in, 1ERN 180° o 7E
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25 2 3 LESS MRSz
LESS H, “PATHR AN I Y0 B 5L br B — AN Sr ik, s B S kg, &%
(1 SAG - T 9 S 77 AR B JECTR , BSAS T T 5 3 5 A0 iR BE 29 HH L Sensor Height JuR g (& 2-2
Fis) o

BEFE

S R To

[ 2-2 LESS FATHRF BN AIATE

W % & 6 S4 [Tllumination & Atmosphere ]

S8 fE AL
Sun Zenith 45 AR FH R T
Sun Azimuth 90 N EWIE A

RS, SKY TO TOTAL Fn k%

Sky-Type SKY_TO_TOTAL sy o s ) s Ho il

Sky-Percentage 0,0 FOREENP BRGNS L

vE: 2% [nput solar spectrum manually Y , U A] PLT= T4 A K BH AT R 25 NS G 0
B X E G )EME [Optical Database]

MR, (REFERIMEERT AT . ZE5Z E, Optical Database & X T — R A HOEEH T2
Ja B M s or R EYE. E LESS W, SRt & 7 IR M AR R DL
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2.1 BRAEZB

JiFid %, “birch branch” , “dark soil mollisol” , “birch leaf green” >4 LESS ERIAHY
ek, WEAEATEE).

B X EME [Terrain] :

2 =1 !

PLANE: “Fiitij%; RASTER: H| ENVI #i#%

1ype PLARE BARIE A MESH: Ji] OBJ S Ayt
XSize 100 Ytk R, BN m
Ysize 100 WscR/AN: mE, AN m
BRDF Type Lambertian Hb TR A BAAE s S

. . . ZANRFIH T A TE [Optical Database] #1532
Optical Property dark soil mollisol S 2

B % EI500% [Objects]

midit%4 [ Define Object) , K3t FEIFRE L, fEHALMEA tree, i Ladd] ,
IN—/N2HH “tree” [ Object. ¥EF%i% Object, midiHEE I+ [Import OBJY & #—
4~ OBJ XX ff . f£ LESS M % & H = K~ M 4 v — &% OBJ X £, 4l
“..\app\Database\3D_Objects\Trees\RAMI” H1#] “BEPE_FROM_HETO07 JPS SUM.obj”
M. BNJE, RER1Z OB AR T A 040 (R OBJ STAFH R “g” 5 b4l
AR AN, NHREAMHNP [Optical Property] «  “tree_leaves.obj” Y1t J& 4
BB N “birch leaf green” , “tree stem branch.obj” Yok /@M1 BN “birch branch” .

31



5 2 % LESS SRSk )

@ Objects Definition o b4

| Add | Delete | | ImportoBl |~ | Delete ‘ oK ‘ ‘ Cancel ‘ |3D Display

Objects: Compoments: Properties:
tree leaves.obj
tree_stem_branch.obj Optical Property:

Color in 3D Viewer:

& 2-3 EMXIHE Object
B E YRt R AL E

TE 3o O kT AL E Y Object, U0 tree, iy [Random] #%4H, 7E5fH &
e, 8 SURAT PR 2 (A 1 /N PR R CGBF R AR SE 22D , middi [OK]) J5, tree H¢
BENL S BC B3 St AN R AL E

Objects: Positions (X, Y):
Define Object) " 3 Add 1
North
tree X ¥ z
@
Sun AZI
o Tree Position Generation a X
View AZI
minimum distance: 3 m

(between points)

—_—
Object Height: 0 m

| OK ‘ ‘Cancel‘

T B e 6 @ [Drovgon ool 3 add || apply || [ point
& 2-4 EMXIHF Object I E
L TN
pich R e LYY, SRR R S Y, DA R T R T A T
HAH Fr
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2.1 BAEZEG

V| Show Axes
V| Show Grids
V| Show Sun Ray
Show Camera Volume
V| Show Objects
Mode:
® Full Details () Bounding Box
Background Color:
88 =

Camera Volume Color:

2-5 FRZWER
UGBS R EE

s [Run] -> [Run AllY, JFEEREERL. BAE )G, midise . [Tools]-> [Open
Results Folder) , FTHELE R H R, UM “spectral VZ=0 VA=180" NS 2| 148~
A8, H ENVI A] LA FZ 2061 .

2-6 HEFG: AYRE () FEOiNEER (B

W R R RS

A8 [Process] -> [BRF Processing) , 7] DKG4E 52 B R AG 3 il B R 5244
4ZEHl “spectral VZ=0 VA=180 BRE” .
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2.1.2 &ERFEHIRRL

W SRS E

7t [Typel Hi&#%E “CircularFisheye” , b H I — 203 220 T SCHBR AL Fr
fiE. [FOV] R IRANIIMIA A, [Fisheye Projection) o~ R AHAL A5 52 2o
LESS N E | YRR AR =

* Equisoild: R

e  Orthographic: IES 5

* Equidistant: 5[ B #52

e Stereographic: ERHTTH 52

U RO S AR IR (RIS SLAR A 15D

& 2-7 &aiRENSEERE
TEEFEAIRARNLG , AL IR KA 7 oA, b 75 2 88T % B [ Observation ]
AR Z 4. [ Camera Position]) & X 7 #HNLIIAIE A,  [Target] & 3L 7 AHHLATUI A

B, XPIMA SR SEhr Eie SCTAPLEI T 1A . WA 2)ik [Relative Height] N

Fon FIRH AB SRR S Z AN T A & E CYEHEAAERD o I, Al
B LA E N (50, 50, 0) , (50, 50, 1) , FoMNLES A CFEEI R TR T [ M.

» Sensor

¥ Observation

Camera Position: X  sg Y | 5o Z o
Target: X =50 Y | so Z|1q
Relative Height:

Show Camera Position: v

& 2-8 &RENUNSHIRE
K [NoData Valuel BBy 0 HEATHLN, 452 900nm {1 ARAFALIE v M4l 2-9
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2.1 HAEZB

Fian (3CHE “spectral_ox=50_00 oy=50 00 0z=0 00 tx=50 00 ty=50 00 tz=1 00" ) .

& 2-9 &R R

2.1.3 ZAERHFTRNEY

£ Ex01 Y, BRI R RENS e Ml SO 3R, (B IR 20— A e AU — A
JiTe), AE G BRI AL, 22 BE SO RN, BRI, BRAEAME. R, TR RIALRS
R 2 SO R i, R R S5 1 §-1.24 75,

B LRSS E

7t [Typel #i%$ “PhotonTracing” (& 2-10) , IR TFEBEE. EHEAT,
HTFAERGE, BRI T & B4 % E I Width] . & [ Height ] DA & 62k 50 & [ Samples ],
{H2 F 2% E [llumination Resolution] , ZSHFR/RASDCTHEE (HEH) , {HEk/),
JEFBRE, AR, (R RREDRIE . R, FTRLIRE N 0.05,
7£ [ Products YA, “2)1% “BRF”, 444> .75 [ Number of Directions ]+ [ Virtual Directions ]
PL & [ Virtual Detectors] :
* [ Number of Directions J& 7~ _F 2Bk 23 [ R 73 /N 76 GZAR D BN (S35 1.2.4.2
T, B ANHTTR R AR N R, ARG TR LI E N 10;
»  [Virtual Directions ] 37~ F T+ 877 [7) J)e S5 57~ BRF (R REAU 7 1], FH R T0LAA A 7
RN, WA E T BB—Fy “RTiA LITALA 1RTA 2:75 K0 f
27 FORPIANREANTT IA) 11 F1 225 28 09 “ RTiA 1, RTA 2,770 1,770/ 27,
FAPPAEAN T m (11, 12, 21, 22) o fEZR2IH, WEN “45:90,60:907;
*  [Virtual Detectors] FR/RTEFEANT7 ME — D BA — 2 KT BRI S, D
WEA —ES RN TT 0] RO 2, Zak s R BAIC, AT RAEE A
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¥ Sensor
Type

North Width [pixels]

o Height [Pixels]
Sun AZ|
Samples [/pixel]:

View AZI Spectral Bands:

Image Format

Sensol
i Only First Order?

Thermal Radiation:

NoData Value:

600:2,900:2

® Spectrum

-1.0

PhotonTracing

Define...

Synthesized RGB Image

Virtual Plane:

Repetitive scene: 100

lllumination Resolution: 0.02

Products:

Number of Directions:

Virutal Directions [°J:

Virutal Detectors []:

v BRF

150

Up/Downwelling Radiation fPAR

2-10 BRF #R{ME R[S HILE

B BRF i)

Midis# [Run] -> [Run ALY, AR, B RS, Midisic [Tools]-> [Open
Results Folder] , TSR H, XM “photontracing 0 05 BRF.txt” A7 7 B
BRF 255 (B 2-11) , B3 RKRTM, B SN AMA, WE =SNG, BN EE
XoF L R F- BRF. BT 10 /74598 [Number of Directions 1 15 & I TH JG 406 B2 ) BRF,
1 Ja ™47 [Number of Directions ¥ & IR T7 M X R[] BRF. —MRIM S, M7 Fh

A5 3 ¥) BRF BONHER

E# (D:) » LESS * simulations * LESS]

£

E Irradiance.txt

| | photontracing_0_05.npy

=| photontracing_0_05_BRF.txt
E photontracing 0_05_LESS.txt
=l spectral.txt

|=| spectral_BRF.txt

[ spectral_VZ=0 VA=180

4 spectral VZ=0 VA=180.hdr
[ spectral_VZ=0 VA=180_BRF
# spectral VZ=0 VA=180_BRF.hdr

| photontracing_0_05_BRF.txt - igs87s

MH(F) HE(E) 1BH(0) JEV) #WEI(H)
lZentih_AngIe Azimuth_Angle BRF
18.4349 90 0.0445316 0.369444
18.4349 270 0.0401999 0.34038
63.4349 22.5 0.0349448 0.366608
63.4349 67.5 0.0396044 0.406909
63.4349 112.5 0.0395635 0.408147
63.4349 157.5 0.0338045 0.36933
63.4349 202.5 0.0302641 0.342918
63.4349 247.5 0.0285863 0.328753
63.4349 292.5 0.0291262 0.328483
63.4349 337.5 0.0312289 0.341792

4590 0.105476 0.638716
60 90 0.0479557 0.47227

&
WS AR AR
FEL R A I,

2-11 BRF f&#&ER

“photontracing 0 05 LESS.txt” {47 1 ¥R IRAE, ZE X

AR A T o R R EHT R 15 2
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2.1 HAEZB

a5 S i)

7t [Sensor] #, H— [Virtual Plane)] &I, Atz I —HHMISH, X
HZH R € LA BRE IR 86 Tt i — A B — e a1 DY i
¥, TERII 5 BRE B DO DU Y6 AR, RS ST Re E A H i pe s (B R4
SN E N LT o ERENFEAFRH oA E (XY Y)Y . RS [XSizel
[YSizel $E, BN s mEmat, itk [Z] f{E “MAX” AReiEik.

Center[XY]: »: 50.0 Y: 50.0

Size: XSize: 100 ¥Size: 100 Z[0~Z]: MAX

£ Photontracing BT, WRAESCEMFE, #HHEN SRR
PR BRI B BT TH -

Xvirtual

XSCE'R&

FEPATEREZAENL (orthographic) BT, SR & SO 1H M BRI\ T B -1 ;
ERAFEEN, REEEANENGR, £FEDFEN, REEENENFETes
f . XMENFEN TSAERENRE R LT HEBRESEE - EEZWER, 7T
DAIBE 637 B (I TED B 1 SR I RE I
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BUESE

TC AU E TE XL

PLESEE

2.1.4 47B4%74H %> FPAR &

FPAR R/ Y 7t J7= 43 38 70 W WU IR O & 8 250 S (PAR) o &t PAR I EEER,  — i
TG 400~700nm.  KIHAEARALL fPAR I, 75 BEAG Ik By [l 1% B 4 400 2 700nm, % B4k
BREZ, #Hln30 (K 2-12) . 4, 7E [Products] £ifll2)i% [fPAR]) , AikjE 2 H B

[Layer definition] , F/-X g Ri#ETIrZE, UAREIE—Z fPAR. WEKAN “Bifm
bR SRS o ARG IR ER “0:2:207 .

Spectral Bands: 405.0:2,415.0:2,425.0:2,435.0:2,445.0:2,455.0:2, 465.0:2,475.0:2, 485 .0:2,495.0:2,505.0:2,515.0:2,525.0:2,535.0:2,54!
Image Format: ® Spectrum Synthesized RG8 Image @ Band Definition = o X
Only First Order? Virtual Plane:

From: 400 nm
Thermal Radiation:
NoData Value: -10 Repetitive scene: 100 To: 700 nm
lllumination Resolution: ~ 0.05 BandNum: ‘ 3d e
Products: v BRF Up/Downwelling Radiation ¥ fPAR BandWidth: 2 nm
Number of Directions: 10 Append
Virutal Directions [°]: 45:90:60:90 oK Cancel

Virutal Detectors [7]

Layer definition: 0:2:20

2- 12 FPAR RIS K E
M8 [Run) -> [Run AllY, JHGHAN. BEUZER)E, midisics [Tools]-> [Open
Results Folder] , FTF SR B, Xff “photontracing 0 05 Layer fPAR.txt” {RAF |
BAL) fPAR B o 55— B Mo B oR B — E R RS R &, 55 =59 51 fPAR 1H,
S VUFE LG N RE— AN 5 X L fPAR fH .

38



2.1 HAEZB

IR [ERsh ES:S) K

|= Irradiance.txt 2019/8/20 3:12 A 1KB
|| photontracing_0_05.npy _| photontracing_0_05_Layer_fPAR.txt - ID&2

J phm0n1rACfn970705iBRF.1xt WEF) BEE KER0) EEY) EEH)
= photontmc!ng*D*DS*LayerﬁAR'm layer_bottom layer_upper TfPAR tree_leaves terrain tree_stem_branch
= fh“':';"fj'”9—"-“5-“55"“ 0.0000 2.0000 0.2981 0.0000 0.2885 0.0096
= ;:n:al' ;‘Rm 2.0000 4.0000 0.0087 0.0000 0.0000 0.0087
- Sl M 4.0000 6.0000 0.0092 0.0000 0.0000 0.0092
|| spectral_VZ=0_VA=180
T e 6.0000 8.0000 0.0634 0.0441 0.0000 0.0193
i apaciisl Wil NAH B 8.0000 10.0000 0.1401 0.1180 0.0000 0.0221
3 poctral VZ=0,VA=150_BRF hdr 10.0000 12.0000 0.2736 0.2527 0.0000 0.0209
12.0000 14.0000 0.1691 0.1614 0.0000 0.0076

14.0000 16.0000 0.0000 0.0000 0.0000 0.0000
16.0000 18.0000 0.0000 0.0000 0.0000 0.0000
18.0000 20.0000 0.0000 0.0000 0.0000 0.0000

2-13 FPAR 1E#LE R

“x>]: H] “photontracing 0 05 LESS.txt” SO # [ HE R AE L0IE fPAR AP 45 B2 75 1
fifg?

EEREE T, LESS #1052 70 )2 0 4o e, BPE—ANEROR, iR el & 203 5
AN E, f)aER BINE . WREX AL BRI FAR, WA LIE LESS H
IETE [Layer Definition] K% &, #1401 0:2:20/1, HH 0:2:20 FiE X 5818 —H, /1 £R
DS 1 E TR, i nT DA X 40 A [F) B R AEAS [F)A67 B AR 1) FPAR #E40ME, BB
B AR 2 TR RE B B T X A A [RIALE LLAL, LESS i d 4t 1K 25 4 0:2:20/2),
FHECAES 1, B0 2 WIS DG4, R UL=MAEARRIT#IT M, Siitsth 8RR
FERFAM B DLSCRAR R Z A T2 WK PSR S . 2R M2, W o tbsoh,
WS INE 74, DA DB ANaf e 1, o] Bl % & 3/ E [ Tllumination Resolution )
KT AR 2 Hr, a0 3 5 A REE IR AR U AU R, L an e rp g 2 —Hk
AR, WA LAFE Layer Definition HH I yE, 140 0:2:20/2:tree_0, WFEKR R X544
N tree, HALENE —NEARH SN ZATERRILAER, 0:2:20/2:tree 1 RN 5
AR tree,  HAVE 9 ARSI =ML Re &, Hoth SR R A =
1kiHE, B Rt B AL R S IfEE. 0 RN ARMEHS, MO
B, ZIF 9 [Objects] HaE MR AL B SR P BT . Wik BN S IE 2 1k, 7rLL
KH 0:2:20/2:tree 0, tree 1. Bz 1 AL 2 T LLEE (3D view] #4704 CRED
TEERMAE, AR 2, Bl 2ik$E PAR SUHFEAT RIARAL (*_fPAR_par.txt) ,
KA HAS = A TR T FPAR BRI (HirHi 1) FPAR B SN E TS , AlRe=H
RORZE, BUEARUAER . R R RBiEan, 7FEREEarEH, s/ N KT,
A] LLfE Parameters H 3% T Al —1~44 4 3d_par_range.conf ) 3C4F, WA A B/ME R ME”S
B14070 107, Fom BB EE oy 0 2 10, PINECTHIZEHKEEIT

FPAR #1 PAR 4 S, BRI S i BORR 78, R B A AUl i) i Bade
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5 2 % LESS SRSk )

1757 B A3 2 e BB B PAR, G0 SR By A BV BOAR IR B, P BAFE Parameters
H % N — par_each band.conf 3 A, %A A IAIHAN 2.

[ 2-14 FPAR #RHILE R AT L

2.1.5 FEERREED

J7 T RN 5 — S iR A OSSR AE S — T ) R Te B A< . #E LESS v, Al LAid
BSAR B RS 2], (2 OB SUR R Y BSAR, SEit B e IR AT o5 (0 B
Bl

m SHWE

[Sensor] [Typel H1i%#% “Orthographic” ; [Spectral bands] ¥ & I BB & KT 8§
F 54, Bl “630.0:2,690.0:2,750.0:2,810.0:2,870.0:2 ”; A1 %l Virtual Plane ); 2) 3%l Products ]
FH A “Four Components Product” ;

[ Observation] 4 & [View Zenith] F1 [ View Azimuth] AT J7 [, #1400 A1 180;

w5 BB

M # [Run]-> [Run ALY, AR, BUULE RS, i3 [Tools]1-> [Open
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2.1 HAEZB

Results Folder] , TIPSR H 3%, UM “spectral VZ=0 VA=180 4Components” Bl Ky
PomsscfF (B 2-15) o iZsfF—3Rasa 5 MERE:

o B LANBANGEMBHINSERA: 16 B8 28l s - 13%; 4-

FAEZHE by 3X B SRR AR AR 2= A DU AN 2HL 0 BT o A 1) e R R 293 g 1)

o WRBL2 ARG E PRI L), HAESN[0,1]Z TR

o BB 3 ARAMEER OB T & B

o B4 ABFANBER PP LT

o WRES AREAMEER T HISEM T B

Wy [ A R

Rl THERIBR 26 (1 2 30CA mean(b2+b4), BIUREL 2 Uk E 4 Z R, FEMETA 18 3 AL
FI54H .

R T IR, LESS #2847 —4> Python A “DirectionalGapProb.py 7, it 1~ H % “[ %
$¢ #8142 ]\LESS\app\Python_script” H1. A LU$H LESS H 7 1) Python fif #1714,
Bl an o[ % 2 B 42 ]\LESS\app\bin\python [ % %% % 4% ]\LESS\app\Python script\
DirectionalGapProb.py -i [LESS % tH 45 2R % 12 |\spectral VZ=0 VA=180 4Components -0 [ H
5 45 RARAFERAT ] \gaps.txt, B RAGAAAE “gaps.txt” U WIRAE 24 i H S0
] PR B EC AT I R Z A . Bl an & &F “4Components” ) SCAE AT DL R B 3E 4T
A B[ % 3% % 42 ]\LESS\app\bin\python [ % %% % £ ]\LESS\app\Python script\
DirectionalGapProb.py -i [LESS % H 45 £ #1% |\spectral VZ=* VA=* 4Components -0 [ H &
&5 RARAT 512 \gaps. txt

=l spectral.txt File uUptions

] spectral_BRF.txt = spectral _VZ=0_VA=180_4
[] spectral_ox=50_00_oy=50_00_o0z=0_00_tx=5 e PRELS

2 spectral_ox=50_00_oy=50 00 _oz=0 00 tx=5 .0 Band 3

[ spectral_VZ=0 VA=180 e

2 spectral VZ=0_VA=180.hdr

| ] spectral VZ=0_VA=180_4Components

¢ spectral VZ=0 VA=180 4Components.hdr

[] spectral_VZ=0_VA=180_BRF i z

2 spectral_VZ=0_VA=180_BRF.hdr & ® Gray Scale (O RGE Color

_-& Selected Band
& ol Band 4:spectral VZ=0_VA=180

& 2-15 Moy EtEiles
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2.1.6 PRELIIMNEGHIRRT

m S E

7t [Sensor] Hi%&# “Orthographic” , 2Ji% “Thermal Radiation” , [Spectral bands]
WHE N 14um, Hltn “14000:17,

7t [Optical Databse] FHA] PLSE X — RFIA /2, Hlin “T300” 5€ SN “300:57 ,
FoR Y0 RO BH 6 IS IR S 302.5K, Ab T RS R4 IR N 197.5K. PARIFERY
77 P L —HA M RE “T290” , HAAHN “290:87

HE [Terrain] F¥2H B [ Temperature] #£30, %4 “T290” ; 4TI [Object]
N[ Define Objects], K “tree_leaves.obj ” [P FE % B N “T300”, #4 “tree_stem_branch.obj”
i BB E N “T290”

W AR

i [Run] > [Run ALY, FFUEEH. BN S, sz [Tools] -> [Open
Results Folder) , FTHBIA R B, Cff “thermal VZ=0_VA=180" R YIS 21
WA s g, B ENVIHITHZER, BB RMENRER T 7 M AE (Brightness

Temperature)

= photontracing_0_05_Layer fPAR.txt T AR 133
) photontracing_0_05_LESS.txt @ #1Band 1thermal VZ=0.. — O X
=] spectral txt File Overlay Enhance Tools Window

= spectral BRF.txt :
[ spectral_ox=50_00_oy=50_00_oz=0_00 |
& spectral_ox=50_00_oy=50_00_oz=0_00
] spectral_VZ=0_VA=180

2 spectral VZ=0 VA=180.hdr :
| ] spectral VZ=0 VA=180 4Components |
% spectral VZ=0 VA=180 4Components.hs
[ spectral_VZ=0 VA=180_BRF

¢ spectral VZ=0 VA=180 BRF.hdr
_| thermal VZ=0 VA=180

% thermal VZ=0 VA=180.hdr
=] wavelengths.txt

2-16 HMATIMERILER

2.1.7 HICEEBIEE

7E LESS H H 77 7] LM GUI F1i AL GO B 1k ALS FIHBIE PO T I ) S = 2
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2.1 HAEZB

5 G B E SR ] B AR Y B S = s, 0 MLS/E 3D « BOLHIESHRE
frE 7 [Sensor] [Typel [LiDAR]Y, HLHE AT, Z/54T/F [LiDAR Simulator],
SR

v Sensor

Type: orthographic -

omogne
Width [pixels]: LicE

perspective

CircularFisheye
ng
LiDAR

Spectral Bands: 600:10,900:10 Define...

Height [Pixels]:

Samples [/pixel]:

Image Format: ®) Spectrum Synthesized RGB Image
Only First Order? Virtual Plane:

Thermal Radiation:

2-17 HABERIUFE

SR AN, —RAEMPIESSE, ——RAMPFESH8. $S8E LT
Sensor ¥

Sensor Area WOL TR IR BRI RE B LGS R~ (EARD , ZEBK, BB E
LA

FOV half angle FOV oot S ik HeU e & ALVl 1% B v B O L R HE 5K A 14
—Fo IZAEBOR, PR FEROR, 38 B E RS Bk K A BB
"

Footprint half angle WO IR RIS K 5K Mo TR MRAR LI R R A 1 — 2

Axial division PO H BB R B n*n 255, ARG RSHTORZ. ALK n
Bl Axial division. iXAMY X} [Multi rays point cloud] #4E % 1A
R, R HKPRELEORSA, (ER B (AR

Mono Pulse 2% (FEANkH)

XYZ Jik R ah B E A &
zenith/azimuth ok R T A7 A A o
Delta zenith/azimuth PAA Oy R T A0 57 A D O I

Resolution zenith/azimuth | <€ J7 /7780 J7 A0 A B or 9, BAoh°

Min range, Max range ARV, B R B 4% J8Es V5 Rl P9 [Min range, Max range]J
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EAREE. [ER: MREZSHEAAGHE, WREEEIENLE]

Pulse position and

direction file

BN txt SO, BRATRE AP G E AT, xy z dx dy
dz, WHFHEAREE

ALS 2%
Altitude BOCHB T & ATEEE, X T SimIEmE.
StartX, StartY, EndX, | A LE ALK A, BIEMT EREGYE, FERBEZMN A
EndY (StartX, StartY, Altitude) ¥4T3| (EndX, EndY, Altitude)
Swath width F SR, BT AT MK 5 R

Yaw resolution

IE AT kR a g b e

Range resolution

e BT AT AR ket (e R i 26D

Min range, Max range

B ZARATECHE Y [, BRI PE 5 4% 8 3 [ A [Min range, Max range]id
MEEE. [FEE: WREZSEAEHE, "RREEAIIENEE]

Pulse position and

direction file

BN txt SO, BRATARE NI R G E AT 17, xy z dx dy
dz, AR SR

TLS 2%
TLS Position X Y Z HEEEO G TR IA T AE AL E .
StartX, StartY, EndX, | MG SR A, BT EBE, FERIEEZL NS
EndY (StartX, StartY, Altitude) ¥4T#| (EndX, EndY, Altitude)
Center zenith/azimuth R R T AT AL -

Delta zenith/azimuth

LA rpC R TG A5 A7 A g 0 43486 ¥

Resolution zenith/azimuth

RAETT I RLTT I, A

Min range, Max range

B ZARATELHE Y ], B PR B5 4% 8 3 [ A [Min range, Max range]id
HEEE. [FEE: WREZSEAEHE, "TRREEAIIENEE]

Echo detection mode

MR AU A B BT = A, 10 simple (&R R B KME; 2:
Gaussian 1= # 7 fi
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2.1 HAEZB

Pulse  position  and | fIA—A txt XM, FATARER MK BRGEA BT, xyzdxdy

direction file dz

. A . > 4 ~ . AN
TLS location file EIN—A txt XXM, BATRTDAREK — TLS M E xy z
Sensor Configurations ALS Configurations

Sensor Area

FOV half angle

Footprint half angle Altitude
/ It
e ll ot ﬁ th widt
(NENEENS 1A P

B o ey (8 / Axial division (StartX, StartY) y (EndX, EndY)
/ (.8 Yaw resolution  Range resolution

& 2-18 BAESERE
BHHR TR

WEWSH 2 E, s [Rund B E [Generate Al 477 =437 50O & ARG
BZH . )5 A [Single ray point cloud] 5¢# [ Multi rays point cloud] #EATHL . i3
PR BRI — 2ot 2k, BRI BN A bR . )5 A kb A 22 250 2 (Bl il
Axial division $RE) , B IAE N ER B oG 22 3or, Bl s g 2 S HUL,
AL T H S B2 L [ Single ray point cloud Y 48 . A58 R B45 5 43 AITE Results X
['] singleRay F1 pointcloud S 432+,

B LD,

Generate All

- Generate Scene
Sqi - Generate LIDAR Configuration 0.1
Fd( Single ray point cloud 0.0012

| Multi rays point cloud

FQ 0.0015
Pulse energy [mJ] 1.0
Acquisition rate (Period) [ns] 1.0
Half duration [Number of sigma] 3.0
Half pulse duration at half peak [ns] 20
Fraction at radius 0.368

& 2-19 LiDAR HUIBHEHLR A
2R Z/SHIEH T IR BIEER

WEIFZH G, S [Run)] HEFE [Generate All] A= =437 5 A0 B A B
EZH. SR A [Single ray point cloud] 5% [Multi rays waveform] #EATAHL. #RAL5E

45



i 2 ¥ LESS BTS2k s>

(28 R 22 7E Results KRN records U b, (HIZZE ROV ZE R, HAREE
{48 FH ) OB - N 1 3 2 BB 83, il Process X Convolve to generate waveform]
L, AT BRRIEAT, 13 3IR9 45 RAE AR convolved_waveform H1 o 1245 F g R HBLEY ,
B40 0.txt A1 pos_0.txt [Ei# 1.txt 1 pos_1.txt]. FHH 0.txt T 2-20)icsx% 1 ATE 19
WEAE, Bk S AT BON K B E A Ikt = 8 & (B NumberOfBingsForEachPulse)
A G 28 — AN ik v B9 %088 9 0 3] NumberOfBinsForEachPulse-1 17, &5 — /™ ik b B4
NumberOfBinsForEachPulse #| 2*NumberOfBingsForEachPulse-1 17, PAILZSHE. F4l i 28
— BRSPS EUX A] (bin) ASUG A7 B R BAL KA PR B, 28 ZHaa R B [
WEHRSE o 5 — AN pos_Lxt i3k T KT ¥ POS 58, WI=F 0 ki iahr B, AL
WALE, 19 XYZ AR, 5 =2 Nk I B 5 1F) - A bR 255 LESS FHH R AR AR 22— 2

Eﬂo.utﬂ‘
1 # NumberOfBinsForEachPulse=801
2 # Each bin stands for a distance of 0.5 * C * acquisitionTime, where C=299792458.0
3 # Starting Positions of each pulse are recorded in pos_*.txt

4 # Column names: DistanceToStartingPosition EnergyOfBands (Bandl, Band2, ...)
5 4.000000000000000000e+01 0.000000000000000000e+00 0.000000000000000000e+00
6 4.007495000000000118e+01 0.000000000000000000e+00 0.000000000000000000e+00
7 4.014990000000000236e+01 0.000000000000000000e+00 0.000000000000000000e+00
8 4.022485000000000355e+01 0.000000000000000000e+00 0.000000000000000000e+00
9 4.029979999999999762e+01 0.000000000000000000e+00 0.000000000000000000e+00
10 4.037474999999999881e+01 0.000000000000000000e+00 0.000000000000000000e+00
11 4.044969999999999999e+01 0.000000000000000000e+00 0.000000000000000000e+00
12 4.052465000000000117e+01 0.000000000000000000e+00 0.000000000000000000e+00

le—-9

1.4 A

1.2

1.0 A

0.8 1

0.6

0.4 -

0.2 A

0.0

150 260 2%0 360 350 460
2-20 SRR S AE R BIRRT
TN

P BB IB R IL R RO TIIRER, ARSI EIEiE 5 bRl X
AR RAF PRI N 75 225 L8 e A PRI =R, SEDXCHIE] (A — IR ) e B € I 1]
PN —RIRMAES D) BETHECR (REMEFE R o f£ LESS 1, WRESLIDE THOR
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2.1 HAEZB

BASIALL, U A 5 B AR ) B E i [Process] [ Wavefrom to photoncounting ],
MWIRES A O T8, AEREs AE photon_counting H3g T o

2-21 }Fit# LIDAR &SGR R=

2.1.8 BHXIFESIHRRTAIER

HHl, LESS 1E Fluspect 3£ AL T X0/ AKX ARG T 0 KL AR, 2 g
A EM SRR 2 el. P H 7K [Sensor] [Products] [ChLF)] & NIE “No” ,
25 I F6 1 object T2 761, B Fluspect A1 AR 63, F x4 /E 584401 BRF

SR KN ) o
[Sensor] [Products] [ChLF] E A3k “No” J5, TJEER, A HEKA XK
ANZH (Flan. NRERES . RTEURDE ] B e GRS %A K Land Albedo Map 55),
VRS —AEERE, mERIRBEEGIHRE. DA, SShREMEMKERSE
“ less\EFwlinsim.txt” .,
LESS N & T MM RAR Fluspect, 4354 Fluspect B_.CX_P6 ([X 43 PSI #1 PSII %
) A Fluspect B_.CX _PRO (AX 43 PSI A1 PSI %)) , F /¥ [Sensor] [Products]
[ChL.F) 1%’ “Split PSIPSII” L AT, &~ “Combine” {53 . PIAMREAD
Y& EMPOCE T RER A TA LVF AR, AiE AR TR2m], (HIX 7 PSI AT PSII
PRNETRE, fa#nl AX /BT A BT, (HANX 4 PSI A PSIL 2t &
THE, FEEBENZ, RATYRESERN O, FEARX S TR, SNAKX

47



i 2 ¥ LESS BTS2k s>

7o 24 [Sensor] [Products] [ChLF) BN “No” W, Fluspect HAERIGIE, AR
T, P4 [FT PROSPECT.

LESS H i R 7 M 96K G, A=t RS Sl 72, ks i 2 mEa s,
WG RS PO B AR . FH P AT A object 34, T AFEIIH B SEL,
RIAS[FI ) Fluspect I ANZHL,  SRITALFE I8 P15 PR 527 o

PWIET= AT IAE Results H3E R, A “Fluor” Fricd. 906~ MmN A %R,

R

BAHYCN SRR, BN

* All Radiance with Flour Wi(m? )
m? * nm * sr

RY V2 I=A=7 o= N 114 :

:Fﬁﬁa/m/@ WER AR, WRIEFE “Split PSI

<orthogr§ph10> * Fluor(PSI/PSII) PSII” N Hn_L PSI 8% PSII #5718, A7
i IRALE AR N mW/(m? * nm * sr)

(CircularFisheye-
s [Process] > [BRF Process

* All Radiance with Flour BRF ing] J5, * All Radiance with Flour
AL GO OSHESPS

perspective)

* Fluor All *txt->BRF_with_Fluor* BAH RUEHI % Fh BRF

FR R , WAL SR “ Split
* Fluor All_*.txt->Fluor(_PSI/PSIT)* | PSI PSII” N jiii_L PSI = PSII #riK, #
A28 mW/(m? « nm * sr)

W& MM AR BUTR (A% E
% LA *_co_sgl.txt 5480 MEAEM—REDET, BIE

(PhotonTracing) JE—IRBES o RGP ) — RS

R 18 5 3 5t AR T RUN AR AH TLAE A
PRI T

* mlt.txt

RERSEET S (B35 HEAE
*_uc_sgl.txt M—xKey QA% g H A e
D, g, 9ot

| photoniracing 0,05 Fluor Allxt - BEA o x photontracmg 0 02 Fluor All.Fluor
P REE) H0) EEV) M) e e

63.4349 337.5 0.00890958 0.0089283 0.00895274 0.00896211 0.00898711 0.00900531 0.0090366 0.00907764 0.0091297 0.00918006 0.00924617 ~ 0

20 150 0.0308538 0.0312581 0.0316424 0.0319981 0.0323671 0.0327474 0.033138 0.0335868 0.0340416 0.0344564 0.0348837 0.0352191 0.0355
30 150 0.026573 0.0269201 0.0272514 0.0275564 0.027877 0.0282032 0.0285412 0.0289251 0.0293161 0.0296753 0.0300494 0.0303535 0.03063
40 150 0.021201 0.0214645 0.0217177 0.0219475 0.0221949 0.0224417 0.0227023 0.0229943 0.0232947 0.023573 0.023868 0.0241194 0.02435€
50 150 0.0158894 0.0160758 0.0162576 0.0164185 0.0165999 0.0167736 0.0169632 0.0171693 0.0173854 0.0175895 0.017813 0.0180205 0.018Z
60 150 0.0102122 0.0103077 0.0104048 0.0104838 0.0105857 0.0106731 0.0107787 0.0108852 0.0110035 0.0111202 0.0112585 0.0114099 0.011
70 150 0.00532762 0.00532581 0.005331 0.00532071 0.00533414 0.00532902 0.00534348 0.00534767 0.00536498 0.00538889 0.00543446 0.00%

Zentih Angle Azimuth Angle Fluor (Number of Directions=10, unit: mW=m-2*nm-17sr-1)
18.43499000000000000000000000000000000000000000000000000 00.000263986 0.00240545 0.00624893 0.013;
18.4349270000000000000000000000000000000000000000000000 00 00.000206386 0.00186587 0.00480423 0.01
$3.43492250000000000000000000000000000000000000000000000000.000323556 0.00293454 0.0075855 0.015!
$3.434967.50000000000000000000000000000000000000000000000 0 00.000422752 0.0038548 0.0100209 0.0212¢
3.434911250000000000000000000000000000000000000000000000 0 00.000418847 0.00381492 0.00990741 0.0
3.4349157.50000000000000000000000000000000000000000000000 00 0.000314314 0.0028509 0.00736918 0.0
$3.4349202500000000000000000000000000000000000000000000 0000 0.000260509 0.00234785 0.00602664 0.
$3.4349 247.500000000000000000000000000000000000000000000 000 00.0002313 0.00207335 0.00528681 0.0111 270"
$3.434929250000000000000000000000000000000000000000000000000.000256111 0.00229883 0.00586952 0.
3.4349337.50000000000000000000000000000000000000000000000000.000262442 0.00236573 0.00607186 0.
01500000000000000000000000000000000000000000000000000.000218613 0.00199164 0.00517299 0.010938
01500000000000000000000000000000000000000000000000000.000264651 0.00240906 0.00625194 0.013211
4015000000000000000000000000000000000000000000000000 00.000307454 0.00279659 0.00725212 0.015315!
015000000000000000000000000000000000000000000000000 00.000362785 0.00329763 0.00854524 0.018036:
0 15000000000000000000000000000000000000000000000000 00.000414446 0.00376552 0.00975296 0.020577.
[701500000000000000000000000000000000000000000000000 0 00.000432647 0.00392945 0.0101729 0.0214546( .,

Fo5.720

F5.514

nit: mW#+m-2*nm-1*s|

r5.309
=

F5.103

B H15 100%  Windows (CRLF)  UTF-8
238
9KB
10k
7B
KB

1kB 180°

photontracing_0_05_Fluor Alltxt

.05 Fluor_All co_saltxt 4.898
05 Fluor All mittt
.0_05_Fluor_All_uc_saltxt
ing_0_05_IESS.xt

4.692

spectral it
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2.1 BRAEZB

2-22 WAEZHEXHLFIE, FMFITHRE. SREN. EMRPHPTARK

2.1.9 BENXEBIREIEI

7£ PAR FRAUN R BEAE b, BEASAS 2Ty s/ BUR e he, 4s& M Rt S e R
A, ARG SR R D SRS . i B M oGS/ AN Farquar B8, JE
5 SCOPE #iA! H [ biochemical f5H—%,
e LRI 255, 1% FF PhotonTracing #23. 7£ [ Sensor] [ Products ]
[ Photosynthesis] Hik#¥ [FvCB] , (A [Layer definitition] PJ ¥ &, HAh ™ @A T]
Bl [Layer definitition] & E T FH FPAR B B 77 20 BT EEBLAL PAR 3% B WRfie
RSO 98 B B 75 4% 400 F1) 700 nm. [ Tllumination Resolution] 75 ZLi& 24 % .
[ Photosynthesis) 1%+ [FvCB] 5, [Illumination & Atmosphere] #' < Hi 3 [ Ambient]
ZHH, HunERERPSEOCE A TIREM KRR, 7£ [Optiacl Database] H, I
[ TemperatureDefinition] 1 [ BiochemicalDefinition) , xiTIX M AL 8 H R AL &
ZHEERM, ESHXpPHEERA, AR SROHEL —F. E5:
[ TemperatureDefinition] ] “T300” A1 [BiochemicalDefinition] H “-” ANEHER.
GZHE, el KR IAFIKIRE, Cs RoanM A1) COIKE, HRZH5 SCOPE X 5.
BT Aot E A2 5 SCOPE %5511, ZoRitE M 2R R B Re i E . 78 LESS H,
6 A 4H 4 B 61 B X B N Fluspect A1 PROSPECT #5784 A= B Y o it , 806 1% & v 1)
birch_leaf green I larch_leaf green I}, F%£ ¥ 2> £ [ Parameters 1 A4 & b H 3 4 1%
* kChlrel.txt X, TRt 4 R B BB HDGREL LG . Zo& H otk A2 ik
RIS TEIS, TUERIN kChlrel 24 1.
7£ [Objects Definition] " tE2H 70 W B ADGEZ 2. £ [Components] H1ik
HEH s, REEFEE T [Optical Property] « [ Temperature] 1 [Biochemical] -
ENEH 7 ZMR T [Optical Property] , {HZAE [Biochemical]l HikH “-7 KAriHiZ
Hop AHATIEENERM . [Biochemical]l & “-” J5, JE6EH 70 iR NIHAR “T3007,
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HA V&M

B RRAES FIAE Results XA, JEAA “photosynthesis” Aricl. 4 HIGE 4H 70X
SCRAE T R B M TR R, AR ZF RGN S8R “,7 578&.

LG H TR RoRE, * Atxt AR CREERD W A B A ARG & i
#, *_APAR_Chltxt AJtTdHd CREEZED WA W RAL AR il EHE, *_ S.txt A
T CREZD Bm A M. * A layertxt A1 E &6 & E XK,
* A_layer sampled.txt JRAE 2|1 E S EH A, * APAR_Chl_layer.txt At 14 )= &
J6FIEE, * A layer sampled.txt JYRAEEIHERZE SO EE R WAL [Layer definitition]
B E R T, % H B * A instance.txt A iF B BN 10 RO A R,
* A instance sampled.txt ARFE S| A 3B 6 A #, * APAR_Chl instance.txt A
RN A B G il &E, * APAR Chl instance sampled.txt JY>RAF 2 1) 5N 2H 43 1)
EOGTIEE

M6 A A VE A R R B, * A layertxt N R E BOL A HE R
* APAR Chl layer.txt NEE B FIEE, * A instance.txt AHEANH 75 FE8 S H R,
* APAR_Chl instance.txt AN Ll &

’

2.1.10 7 EBR/BAFAT HEFREL 5]+

I3 JZCIR/ AR A AR LB R 45 7 2 RS KT 0 2, BT A AR e, BT B
AR LB AR R AR M XS AR, 5 DY Bt U 7y ORD5 =) i
IENGE

2-23 STRRCBR/BASA R RG]

Wk TR RS, %8 PhotonTracing #8381 3 HI 6 I/ 52 AR L i1 52 3
fE, 7F [Parameters] H3E R, G /N4~ sunlit_leaf.conf [{) 301, STHEN B N ZH &,
filan “0:1:207 , RARMNEEZE 0 KEIEEZ 20 K, DL 1 KEEANDE. TRERERNSH

VARSI ThRE: SER DA B AT/E LESS AR SEI, HEAL TR B el i A B, A
RS, FUARIMAR GUlH, s F TR ESHOTH.
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2.1 HAEZB

4 [Mllumination Resolution) , ZAHE/IN, THER M . HAh/™ 5, 4 BRF, {PAR %%
ALA 3w AT 2 E . £ [ Results 1 H X T & 4 K
photontracing_*_* Layer_fSunlitLeaf.txt SC{, iZ 3CAFIC 3 1 47 Z 6B s2 B AR Ee g
FEAE RO, All Scene Components K7~ 5 1 FTA TG & FDGH/BIZ LA . 2 e 45 R
TR AN E S B AT G, Bl s B R R RCT . S5 R TP Total 2R 2 S
FCH/BHRZ AR L], TEEENE, 752 S EI/ IR L A 2 B2 L i B B85 .

_ U x **Sunlit/Shaded Leaf Fraction**
- All Scene Components (tree0l leaves + tree0l_stem_
layer bottom layer upper fSunlitLeaf fShadedLeaf

¥ Sensor 0.0000 3.0000 0.0052 0.9948
3.0000 6.0000 0.0341 0.9659
Type: PhotonTracing - 6.0000 9.0000 0.2557 0.7443
9.0000 12.0000 0.4255 0.5745
Width [pixels]: 12.0000 15.0000 0.6488 0.3512
15.0000 18.0000 0 0
B Total 0.3579 0.6421
Samples [/pixel]: - Sunlit/Shaded Leaf Fraction of tree0l_leaves
layer_bottom layer upper fSunlitLeaf fShadedLeaf
: 0.0000 3.0000 0 0
Spectral Bands: . Define...
e 600:2500:2 3.0000 6.0000 0 0
6.0000 9.0000 0.3805 0.6195
Image Format: ®) Spectrum Synthesized RGB Image 9.0000 12.0000 0.5082 0.4918
12.0000 15.0000 0.7122 0.2878
Only First Order? Virtual Plane: 15.0000 18.0000 0 0
Thermal Radiation: - Sunlit/Shaded Leaf Fraction of tree0Ol_stem branch
layer bottom layer upper fSunlitLeaf fShadedLeaf
NoData Value: -10 Repetitive scene: 100 0.0000 3.0000 0.0052 0.9948
3.0000 6.0000 0.0341 0.9659
Illumination Resolution:  0.01 5.0000 220000 0. 1564 08436
i 9.0000 12.0000 0.3031 0.6969
. 12.0000 15.0000 0.4353 0.5647
Products: BRF Up/Downwelling Radiation fPAR 15.0000 18.0000 0 0

& 2-24 HEAXBIAFH R EREGHEREDMER

e 30|

K 2-25 JEon 1T —AME I S E RG], fizdmseh, AWK Fr, BEE
WER B3 A8 1m 1 2m, EAIRERE T EES.

B 2-25 SEARARM FER LG R RG]
ANSROKBAAE R THTE NG, RS RN T
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**Sunlit/Shaded Leaf Fraction**
- All Scene Components (plane_Group)
layer bottom layer upper fSunlitLeaf fShadedLeaf

0.0000 1.5000 0.0000 1.0000
1.5000 3.0000 1.0000 0.0000
\ Total 0.5000 0.5000

FEM A e AR, BRI, BEESIR LN 0.5, WS OKEH RTINS M
NA4s5° , AL 900 CIERZFIED , MHEZSE RN T

**Sunlit/Shaded Leaf Fraction**
- All Scene Components (plane_ Group)
layer bottom layer upper fSunlitLeaf fShadedLeaf

0.0000 1.5000 0.2500 0.7500
1.5000 3.0000 1.0000 0.0000
Total 0.6250 0.3750

2.1.11 TRAC #&#)*

TRAC A% FI ) LAL RS, HEEEHAICFEAHENEREL . TRAC IE
R R R LR LR, R E AT RS AE T, TRAC 2 LAY 5] I [a] [a] g i
BHTEALEAREZIEE 2, 7E LESS 1, nf Ll it S pE ARG X, Bl — %L &
P B AIEIS % . E I R I VKPR T M R e e, FF H A EEORFIAL Y 42(0.25°)

775N, fE4E [Parameters] H3X T, G — 44 trac.conf FSCAF, SUHHNE
BRI UGS (CBB—47) « BERZIES (BB 47 | BEEAIREG (E=AT) LALREAMLE &
THHIBL R AR BERNESR GENT) «» RTEEERNZ, AR REE R KR —
AN, WHREE 30, RS HLEEELH 900 %

Sun

O = E Do | 1 oE £ ]_ —— | "
4 TR J—t + 5 1
»025 degree = trac. Conftﬂ ‘ B trac. conf 4 = instrument_trac. txtEd =7 ‘j— | W T
{1132 38 1.000000 —r—L | 2 ins : =]

=

= W N

|10 e Al 2 10.00 10.00 0.010043
3 10.04 10.04 0.080344
End‘ 50 50 1 4 10.07 10.07 0.000000
] 5 10.11 10.11  0.176471 .
/ 0.05 6 10.14 10.14 0.027260
Start 30 7 10.18  10.18  0.038737 ~RR3t25R8855A3ARA8RRRTARRAS
8 10.21 10.21 0.022956 Lav wmr W) o O\

2-26 TRAC &A=

B TER G, 45 R IRAF1E Results H 3% T [ instrument_trac.txt #, HH 5 —475—7%
FIBER R B FT S AE, 3 R RIFIEL 1.000000 FRR— 1 EE (1F trac.conf H1ik
Bz H) o WEATIHR, 55— 258 =FMRIONT ALK x, y AiEId %,

52



2.1 BRAEZB

2.1.12 &RRFGIE T RIEH*

IRARE S R e R IR ENR, BB RS ENEL R, RTH
N1, EEREREEN 0, BAEBITNESRNME, WHEA (0, 1D . [FEFEENE,
AU SRR A R, MR, YR ST BRI A R EE R, B - (LAD
RN ARARSEE) o ZEMNRE S 212 WA RANE S S, REREE
Parameters /3 T A —4 dtrans.conf XX, ULEFAZER, SHEDLERES 2125
£—H (WEHNBRIEMENEREER .

2-27 BEREANIET REFIEL G

2.1.13 KT A==

#£ LESS H, F-LeWp i n] DL BV HA — @ K DRI, B, w] DU (A
KOG 5e, EATH LESS BUAT e, " RMR IEE BT A — M@ s, REHE
[ Parameters] H 3% FHiEE— 14N lights.conf [F13CF, SO AN 53 00 R 3615,
FIFETE AT LLE i PR A A S (blackbody) FTELEZ S A6 1S K GE X (spectrum), 140l 2-28 fir
7N, lights.conf B3 TATINE, BB 1TR K= B4 S) light Disc.obj & N B,
TN 5000K, LESS xR 4 Ui B2 A R A4 & 56 H sl iH 50T 7 S0, B B ) R SR, 26
4TI spectrum K E OGN, SR BT S sensor HE KB E L KA
w/m?/st/nm. 473 4 FRA] LA objects.txt SXAFEE GUI Hi i) . BRNEHLT, AN
PRSI P BTN — T CIETD K4S, Pl R o 75 203 5 obj SXHE M & 1€
X, B NETEN.
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B object. xml B 1ights. conf B 1ights. xml B nain. xml = 1ights. confd“ﬂ object. xml B nain. xml B forest 0. xm B objec
1 light Disc.obj blackbody 5000K
2 car_carlingue carlingue carlingue.obj spectrum 122,145

f object B lights. co B Xm B nain. xn B 1lights. co B object. xnl £3 B m = xml objects. txt E3
Batisse Batisse Mesh group lambert2SG Mesh group_ lambertZSG lambert2SG. obj birch_branch T300 O0xb
2> car |car carlingue carlingue carlingue. obj[blrch branch T300 Oxccffffff false -999.0 - -999.0 car_

S llght'llghtiDlsc.obj|b1rchileaf7green - 0x006400ff false -999.0 - -999.0
! tree tree_leaves.obj birch leaf green T300 0x006400ff false -999.0 - -999.0 tree_stem branch.obj

2-28 K(TRAE S IR E

2.1.14 @=L (Flux) *

2.1.15 I EREIRRIZ AL FR

T IES A%, 7€ LESS Wi DL B H AR R . LESS BRIARHA UTM ks &, 1E
Parameters H 3% T 7] LUBT & — 4> utm.conf X, SUHFA SATHE, tF: H—17% R UTM
B, AT REUR A T AN X bR, B AT ABRGBAE AR Y AR, SEIUATN X 7
AR, 8 54T Y IR HER . I15E utm.conf SCHFAEAE, MIAEREIVAE B 5 s 2>
A B AL RRE B

48N

369308.30627884204
151343.60646855
5.001419879947476
5.00810103543689
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2.1 BRAEZB

2.1.16 FhilbE#ERZRMEL

FEMR R T SRR AU G, B3 ZE IR, £k AR
(spectral invariant) [FJA%Z/0MEE, LESS &4t 7B AREME R . BERE . 3R AT7 mik
R AR E S A IR E VMR Z 4. £ LESS b, A FH AL 21 77 205 FPAR
UL [T 347, IR AE [ Sensor 1 AR % #% [ PhotonTracing 1.2 & , 75 5/2)#% [ fPAR & Recollision
Prob.] (W1 R AL FHAGEMEA, NI %0 Layer Definition FJ{H). HRILE R 2 f5 45
BRI A F*._Prob.txt UM, S5 5R AT B, A Total probability 327 7t J2 4 ) F-Aill 4
MR, 2 FTA BU RS B ;. Canopy interception probability #7n NEF G4k B #E R,
R — VR 0 e E A % . Upward/Downward escape probability 67~ /2 1] F 2RSS
(A0 2R () iR IR R, IR E SO 5 e 2 R AR R i B0 118 3% HY ek 2
ZAENZ B B R0 FRREEAE SR+ EE R+ R BRIGER M =1, B T SRR LA,
&S ARt TR GEUH BTG AR ZO6 T AT DT B SO B R SR B R L R
A2 IMEZE, Scat_order F/NBUIXEL, Tot_photons o5 M id /2 #UR H & (S 6T
£, Its FRonFIRE e E R )68 Up_escape/Down_escape 37~ /T 2FERE IR 161
.
RIS EM AR, By T U7 kR, RIS TR O T R R
77 I e G E, AR ET D EAE S (NI ) o Escape_photons KRR
ANKLRERCTHE, A 77 M TR 8% . Number of directions  (N) KR

F b o Bk A R £ A0 R4 T OAR S B ST Ak A T I, AR AN ST A R N

Zenith_Angle/Azimuth_Angle K/~ BN AR M H 0 T7 R, Azimuth_Angle 4 AR £
[0° ,360° Yol ARAESEALHIHCITm, W DU SEAEAS SLAR S B R T A 07 A e,
R B R AEER A [E I 5308 10 AN T7 1A, RTUA AT AL F 34 M 0 FHUG, U 18.43 3R7R[0, 36.86]
X —RTATEHE, #&n] LR —AN R T Y F R [36.86, 63.43+(63.43-36.86) =] 36.86,
90.00], VAZEHE, ERERTT M RERMEZR 1 J7 n B mT DL LR 7 iR E (BRAN D,
7t [Parameters] Hx T, @& —1~44 p_prob.conf {130/, AN RN HEE, FHln
“1007 , TV HH STA rh o H IR R PR 7 T B R
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- Directinal Escape Probability for upper hemisphere (Number of directions=10)

Scattering order: 1

Zentih_Angle Azimuth_Angle Escape_photons
18.43 90.00 17889
18.43 270.00 13441
63.43 22.50 10088
63.43 67.50 12618
63.43 112.50 12734
63.43 157.50 9796
63.43 202.50 7705
63.43 247.50 6619
63.43 292.50 6537
63.43 337.50 7517

Zentih_Angle Azimuth_Angle Escape_photons
18.43 90.00 12194
18.43 270.00 11765
63.43 22.50 8266
63.43 67.50 8182
63.43 112.50 8350
63.43 157.50 8062
63.43 202.50 8245
63.43 247.50 8109
63.43 292.50 7970
63.43 337.50 8025

2-29 BhlTER R

2.1.17 SEMNTRFIEHR

7E LESS ", B 7 A =AM VEAIR IR & w2 Ah, AT DOM] VA A R — i
W AT G HIA, ZOTERRAET LR TTEAE R, R %250 KA
B L A 23 AT DA S R BRL T o Al X b ik 77 U AT il A2 7 22 A0 el 1 A 4%
AT LA fi] B LART S, 9] DURAR T EEEMITIEAR o £E LESS H, & F 3614877 302 alphashape,
At AT DAFE =4 55 22 B T A AL A A — N R A, T ASEALLR et R 21
DA DU AT A8 e VAR A 5T B 280 W et 1 7L 28 ] AR LESS 1) [ Tools1 [ Simple Crown
Generator] #ATEIEE, WA CAM =48 OBJ B8 (10 ) fAlE. LESS &4t 7 —M
Cf OBJ AL G /Mg 1) T B, N1 J7E#fEAREE, 1% T H UL Python RRZLHITE IR,
ATLAE# A LESS E 50 CHEAED Eltreid [Tools] [Python Console] i A Python
L, FEMAET] DLEESEATIY . WIS I RO

obj to_ alphashape (obj path, alpha value=0.5, out dir=None, keep groups=None)

HA obj_path 7% A\ obj #8415 alpha value 7~ % alphashape B 1254, (Hilk
K, IR Mg i A, RN L, (B A B E R N AT RE 2 R, BRI
0.5) ; out_dir N4 AR H, WRAGE, W5 H ST BOIARAE 215K obj ST
FHIFE H 5% keep_groups Fon RiHEE 3704, B F AT K obj SUHF AT REAEEZ AN 70 4.,

BIanRERL & 1R, WaEH A, EE RN @M% R 5 ZE 0 AT g, X
Bl AR Bt fr, ﬁﬂ%xiﬁﬁﬁiﬁﬁ MVERN LS BT 253 o — AN SRR B 7R an R 1
e AL R RN, IS — MR AR xt SO, SOPFEsk T AT E Ao R AR,
PR S 2 ) TR leiﬁ F, W LAYESN LESS BI%iA o
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2.1 #AESH

Delete | | | ImportoB) | ~ |

B3

Compoments: ~ (Total Num: 3)

tree_trunk.obj
tree leaf_boundary.obj
tree_branch.obj

u

| Show Axes

Background Color:

#0a0a28

]

>>> obj_to_alphashape (r"d:\test.obj",alpha_value=0.5, out_dir=r"d:\test\out_dir", keep_groups=["leaves"])

ok | Cancel 3D Display

Properties:
Optical Property:

birch_leaf green -
Color in 3D Viewer: #006400
[V Turbid Medium
Leaf Area Density: 1.0
Leaf Angle Distribution: | Spherical -
Hotspot factor: 01

(@ LESS-DALESS\simulations\ForestPlotGenerate\test002

Extensions

Display

Process  Help

Open Results Folder

1 Data Viewer

|
77] Batch Tool

Semi-LESS

>

T

3D Object Creation
LAI Calculator
LESS 1D

Server Setting

{ython Console ]

I

I
.

2-30 F RN EME LR KR E

57

Polygon

V| Show Messages

North

Sun AZI

(O

View AZI

O

Sensor
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22 EFHTH

221 LAIHETH

A [Tools] > [LAI Calculator] , #7115 LAI ftii. [ Grid Size] A%l 4
R s E, “Rows” At X J7 AR AN, “Cols” NIzt Y J7 1] i I
KL, “Layers” N¥pE Z 5 HIMAS AN BN, [Grid Size]l {H Ix1x1, Rty
BAYRAtEE A LALE. # [Grid Size] {85 2x2x2, WG EA T 54E X T7 1AL
G2 BUXE, EY JraRIar e 2 SRR, AR Z D7 Ry 2 BRIX I, AL RN 8 A
LAIfH. FZEFENEZ, [LAI Calculator] RE#5THE K IFANARE LAL, FRAET 7415
THEA AR, H A MmN v E 5y, WEERN LAL. Hakeifid sy, 4558 PAL.
K, Kelmsdisr e 8 e, sr itk LALE, 8BS, s [Rund o $TIFE5 R
“LALtxt” , %5—14T “Scene Size” A K/N. 5 47 “LAI Dimension” ¥ & 1145
W IS AN B AT IR N LALME, LALEHZIT R B 2= A B, APy AME
N height 4 1 B X6k S RO

ows: ols:
Select Al Grid Size: | 2 x |2 x Run

treel_Trunk.obj
treel_Branchl.obj
treel Twig.obj

v/ treel_Needle.obj
treel_Bough.obj

tree2 Trunk.obj
tree2_Branchl.obj
tree2 Twig.obj

¥/ tree2 Needle.obj

tree2_Bough.obj

2-31 LAIHETITE

222 #AET A

B EERRONE — N5, TSR ESH, AR 7 A — 3 A K FH R T A
AN N R S SR AR AL, A AR T K R 2R DB T R TR R . AR
[ Tools] -> [Batch Tooll , FIH#tAAHE T M. /£ [Group) i NEE LR, EHRIA
N [Groupl , fEZEM [Parameter] HH 4K 27 EUAR IS E 0L+, #IU1 “sun_zenith” ,
s [>>1, BIIMAZAM P [Paramter] . MASRMSEGE, MIN—RINZSH
A E WOME, B a07E In N “sun_zenith” J&5 , F1 N\ “LIST:0/10/20/30/40” (AL F5E =, "LIST”
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RN, DLRERINERNTOSCRE FTRANES) « SHEESHE, Aidi [Run) , 73
O DR SCE, 2R EBhiE T, TP Rk, KBHRTMA N 0° , 10°, 20°,
30°, 40°ff] BRF SCH53 A ERATAE testO 2 testd .

5 Irradiancetxt 201 WA
[ photontracing_ 0 02.npy 201 NPY 37i%
h - E spectral.txt 20 AT
“““““ [Jtesti 0 20 T
"% test1_O.hdr 201 HDR 3Zf%
[ test11 201 i
aaaaaaaaaa T test]_Lhdr 201 HDR 3zft
- 0 S8
"L test1_2.hdr 20 HDR 37t
[ test1 3 201 beg -
% testl_3.hdr 201 HDR 74
[ test1 4 20 it
"% testl_4.hdr 201 HDR 324
5] test1 infobet 201 AT
gl o 45 J testl_Irradiance.txt 201 A

2-32 ALt IET B

223 21 LIDAR E & H=

LESS BRIAGEAI A B 5280 O ENVI A& 20 CRI—3 30, Fodr—A4N4 hdr Sk 304,
BONRAEAE Results H3gH . A T 7 EPRGE A BMIUENE, LESS $ett 7 — 2B
BES, fLEAN [Tools] [Data Viewer] [Image Viewer] , FJH 2 JG 2 ERiA$THF Results
Hx T HIFTA B ENVI U, ATz rp o —Ay, T8Iz A B, R
Fali b, ATDOEBKE B RGB A Bk EREIG (W NELD

N TR ERE R LESS BB £ s, LESS [FIR$e4t T — MR A E R, (BN
Tools] [Data Viewer] [LiDAR Waveform Viewer] . J#EEE N LEF Results HFE T
convolved waveform H3&H 1) 0.txt, AL EAT VIS, & 2 JE 281 s
PR, e —A, o] BLS T [ Show R E R IETE . RN, @05k 77 I Showing
by selection] WIFEE H — NI 2 J5 WALl 2 R BEIE, i s [Show] , ZIIkE
A RABRIE SR Can s B .

0o T © LEsS-LDAR Waveform Viewer

| Result File
D:\L EST:

| Browse Refresh

| Waveform list (8 waveforms)
| Waveform 1
| Waveform 2
| Waveform 3
| Waveform 4
Waveform 5
— | Waveform 6
| Waveform 7

Num of Bins: 1101 Num of Bands: 31
zoomrect | Show Save = Showing by selection
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2-33 HEERRNEREERRS

224 BEREMBEERITIERE

LESS BB Sttt 7 — M1 OBJ #% 20 fa B w1 T2, [ Tools] [3D Object
Creation] [Simple Crown Creator] (U1 EIfiR). Br 1 DURR R b el (SZI74 MR
HEL [EAED LLAR, LESS $845E 7 —FhoR] FH AR XS HR e 1743 A bR BOR R R e, 1200 e A1
“ASHCREHIHIZIR, Lower sigma H TR T HIEAR, HAEER/N, B T T,
Upper sigma F il 0 7e TR AR, HAEMOK, #458kae, Shape factor #5 il 4 ol B2 44K,
HAF K, A e BT [ A . aniRA)i% I Generate boundary only, ) H A= Bl 56t i 416 BE
TR e A5 3 B TR BRI, fE SN LESS 25, A LA E He i [ AR A % i
DL AU oA . W 2) 1% EAT [nclude branches) , Bf V% @ TS 5LLAN, EEER]
R TRzt 584, Leaf clumping factor Y5E [ MR, e 1IN, #t
FONBENLIS S04, M4 FET 0 B, RS T 4% . Leaf distance factor |37 T I
R R B R AR B pE B, (EEEET 1, W BRI R A B .

& 2-34 BEMEERITER
225 NN SoEEZ= 45

LESS HJEDE St 7 MWL A = B —=4E 5 1 T. 2 [ Tools] [3D Object Creation]
[ 3D Forest from LiDAR(ALS)] (41 F K ffi7r). LESS $#&4it 74470, alphashape. ¥k, &
FEAN G HE TRV RIA W 6 o AR TG 2 (R R DL ST R, LR WA B AR B fr
THE AR HUN ;s alphashape /& — PR B IR R B 77 3, 78 e 45 #4300 i (%) T 2 11
A TR AR . Bk, BRE . BHER 2 B R e, (AREANE Tk, WEA
B

EF %} alphashape, Bk, [BAECLA [BI4E, % T HIRME T DUMAIERE CRARSED 77
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e KRGS, NUREIEMET CHM 8l R R, /KIS L& T 408U
W7, 0of T ek B (R S s BIRURANME, S5 R B R AR K, A AR /)N, LESS
BRIN 70K I B RN 4.5m, WRTRLAAT IR E: NIUTEEREH T% 5 0M R, H
FEA G RR AL/ TH N AR IR 6 AT 2 [ AT R 73, DLEEAS 6 JUTE 9 ZE AR 5 5.7 : Kmeans
REEREH T I R MW R, % THIRME TR — P& T =48 CHM
BRI, WEREE, H—MAEEN 4R s TR, SRR, HAEREIK. 7
Ab, BTLATRE — AN B BE B RN R ZTERT, R4k | Include Understory, Jjit2>
XA BB R AR o 1% T H 20T @ i 1) — N M AT A AR % S (PAD) 1)
&, HEIEA DR — P kB BRI 75, P TEETRE R 1 GPS I T8 UK & ik
M, AT — B B A K R R T SRR A, A SEI PAD (THE; — R R ET A A
BEW T, NHRES =4 R, R S A dE b SR TE I % Heah, Harih
WE— PAD [FEME, B W8 B PAL, 285 PAD v] U@ I M e AR 3 3l it 5
330,

MG A AR, G0, P, REA, BIRHE. MBS FR oA, LESS BR
INNER x4 . BRIN BT LESS L2 A 44 4 sim_proj0l1, BRIAII I B )6 & v 2 8RN
leaf op nameOl. ZH W E )G, midi [Create] . 582 )G, &7E [Output Directory] H
KA — A% N sim_proj01 ) LESS L#8, n LA LESS ) GUI 8(# SDK T, EKik
LR, BITA B e 16 52 JB8 T 7% N leaf op _nameO1, K[, 37 FF T2 5 75 2 7E[ Optical
Databse] H2:5E X leaf op nameO1 FJEARM) SO 23/ E G ZAE, S8 0T LA TR .

o 3D Forest Creation from ALS

ALS data path [*.las]:

Crown Type: ®) Voxel Alphashape Ellipsoid Cone Cylinder
Voxel Size [m]: 2

Segmentation Method:

Watershed window size [m][4.5 by default]:

Include Understory: Understory height threshold:

PAD Inversion method: (@) Pulse tracing (need gps time) Point number (needs only XYZ)
User defined constant PAD [m2/m3]:
Total scene LAl (e.g., field-measurement):

Leaf Representation: Leaf as facet

Output Directory:

LESS Project Name: sim_proj01

Leaf Angle Distribution: | Spherical v

Leaf Optical Property: leaf_op_name01

*Watershed: suitable for sparse forest
*Hexagon: suitable for more dense and uniform canopies
*Kmeans: suitable for all canopies, but may be slower

Create
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2-35 FHEMEERTE

2.2.6 Python KBS EzIEMK TR

H AT LESS BAA WAz 72, —Fd@id #4F GUI, 75— Fi2illid Python SDK JIA
PATEAN . AU Db R R R BT B, J5 & (I b R RE AR J7 (il bz i B0 A2, 4
WintE, Boosh, St T e, (B2 SDK #H AT 4t 77 224K SDK [
PREREL, HA WA, N T BRI AR AL, LESS it 7R¥E GUI 244
H 2 2E U B Python A Thae . TR N: B EITHF GUI Fii, SR s EAHRI)
2%, A [Tools] [Generate Python Code] , #EBFLRAFEE D, WSAEK—A4 py B
A, AN AR Python SDK H 2hA4E B GUI BT A1) 42 AL HL T A2 AH X B2 (1 LA
XPZBIAS AT — € BT, I RES 7 (S LS Bal 3 g A7 fik AL

2.2.7 Semi-LESS {RiIR{EIAHIEE

M FHER S AR A AT 28U R e IR R T EMANE L —. LR AREKLZ
PR L RE, W I R EBIAFE LAL  AFE B ER DA R 38 SR T 156 )2
SPER . T =R SR AL AR U, AF LAL 2l WEA R P50k HAA 2L flns
RIS T 8 L 1A [A) € 3 U R LU I st B ANF] ) PROSPECT S HORME . — M &, IXFF
S HAH GBS PE R, X 0SSR AR AR fari 4Dl 5 % DL e ) R R B s 4 - SR,
X F =TS, KERBIAIIAFER . Semi-LESS 415 It al @S fit 1 —Fhfif o 7 2(Qi
&, 2023). Semi-LESS i@ ¥ A 58 5 — eI AT S5 G, M REE 1S 2 5 = 4 —
FERSHIRARAOME, (RIS Re s 25t R F A A B = R ke . BRI S, W — Mg
I =4y (BRREE) , BRI L B 280 N R E R, AT LSBT — Ik
LESS B, MRl RARAE, B T AMEU G5 SR v] DU — B il pr s ot SR e B
RS ISR T BB RO IR )77 2RI AR R B bt S A DL o) et
I O AR A S, I 7 (AL i A

7E LESS ¥, Semi-LESS #f7F [Tools] [Semi-LESS) (Kl 2-36), St N=1>,
B PR A ATIE R A RO, XSO R RS I S e R
., 451 Generate predefined leaf optical properties if, LESS [ ['] Optical Database
SOFTHE 2561, 2 KON predetermined leaf op 1 predermined soil ref, if K iX P 25 itk 43
AIRZE I S K EIRA A W 4B R SAAAERCT, IR A ™ DLUa ik A A ) [With
Branch] . 7EHATFTEBALET, ™S4 Leaf Structure Coefficient 175 B AT#f T, W1R
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ZAE KA, A4 LESS 75 5. TR, D REOLE, REFTLL
PATIEH BB, 153 BRF 1% (ENVI #%:0 EZ%‘ Photon tracing &3 ] BRF 3CfF (txt
O o B, BB B S RIN Input DataFile, b Al UL A M) [V] #%
B, Sz R A R IR, S e E KBS B, IR Semi-LESS 1) #E
Pho aRBEA R, 4w A] LOEROT e BN AR i Z 80T 7 2 SO 3. N 77 A%
MBS, B RBEBA MR, HAh S eI IEH K PROSPECT Z L E . #EEE
e, HARZSHTCLE /AT B, A/ SR s S S EO AT A S, BRIike]
DL (34T R EE L. & Run 2 )5, &7E Output Dir H 8 H BT & IR0 &5

B2 Rl = ULx 0, * 1 e\, A NS H T U AER —HXTH
semi_less parameters.txt SCAFHRE] . B 2-36 XL T Semi-LESS #1145 R 5 B2 LESS
BRI 5, AT LG RE L0 L0 B RS BE AR =i A, SR ARELH Python HEATHIL
B, L R A, W LA AT 530 B Run 25, &£ LESS [

How O W % 4 7 E:N\03-Coding\lessrt\Utility\Python310\python
E:\03-Coding\lessrt\Utility\Python_script\semiLESS\GenerateSpectraOrlmage.py -1
G:\LESS\simulations\TESTS\testSemi\Results\spectral VZ=0 VA=180 BRF -0

G:\LESS\simulations\TESTS\testSemi\Results -wl 450,550,650,850 -N 1.5 -Car 8.0 -BP 0.0 -Cm

0.012 -Cab 30.0/40.0 -Anth 0.0 -Cw 0.015 -soil ref 0.05,0.13,0.22,0.30 -branch ref
2 » H- 4= S N RS H: %
0.07,0.09,0.11,0.36”, AT LAXS 44 1 #EAT B E LA SR BLALAL BE .
@ semi-empirical LESS o %
Step 1: Generate predefined leaf optical Properties
With Branch (D wh te
Leaf Structure Coefficient [NJ: | 1.5
Step 2: Set optical properties, and Run the LESS simulation to get BRF image
Step 3: After simulation, fast generating images under other leaf parameters e —
Input Data File: v » Observation
» lllumination & Atmosphere
OLBIEDE v Optical Database
Wavel h 450,550,650,
avelength [nm] 50,550,650,850 T = Cony
Dry Matter (Cm-g/cm?2) [0-0.05]; 0.012 Name Reflectance (Front) Reflectance (Back) Transmittance Type
birch_branch 0.1053,0.4756 0.0000,0.0000 0.0000,0.0000 0-DB-Lambert
Brown Pigments: 0.0
dark_soil mollisol ~ 0.1865,0.3511 0.0000,0.0000 0.0000,0.0000 0-DB-Lambert
CalotenoldEl Gatehio/cma)l 0Ol 80 birch leaf green 0.0586,0.4715 0.0586,0.4715 0.0563,0.4860 0-DB-Lambert
e 007800 predefined leaf op [0.03328,0.03336,0... 0.03328,0.03336,0... 0.00001,0.00066,0... 1-MANUAL
predefined soil ref [0.00000,0.00000,0... 0.00000,0.00000,0... 0.00000,0.00000,0... 1-MANUAL
Anthocyanin (Anth-pg/cm ) [0-40] 0.0
Water Thickness (Cw-cm) [0-0.05} 0015
Soil Reflectance: 0.05,0.13,0.22,0.30

Branch Reflectance:

< | Plot
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2-36 Semi-LESS &3k K A& B I8iF

2.3 LESS &&=,

2.3.1 instance.txt

TEAEHL TFER) Parameters H X, instance.txt SCAFPRAT T 8 object KM BIE R, %
A =g, Al RN A E S
o 5 HIBI: object name X Y Z Rotate, 1% 5 #4354 object F14%F%, FrfEf) XYZ
KB, DA AR, ek M B BRI N E KT 0N B e e, S .
o 8 HHE: object name X Y Z Rotate Axis X Axis Y Axis_Z, Hri¥ i) =% A et
(R T ol SR A T i, ety oby TR R R, SeTie i
B XYZ I E
e 11 ##%5(: object name X Y Z Rotate Axis X Axis Y Axis Z Scale X ScaleY ScaleZ,
Hr I =% %} object REEE X, Bl f#1% object IR/ CHEZEIA T , T
NEEHET, TR, B
97 LESS [ GUI Ftifi RS2t 1% 5 JUE A BB o, Haialn] LEEB KL
instance.txt SCAF, A5 FFEFITIF TR, B0 M GUI A3 instance.txt SCF. %3
A A6 ds € IR GUL FHEIAHE, B X BRERmA, Y Bidelnl &, Z NEETTA. toh, 1
LESS 1) GUI Hxt TR Mg i BA5 S, i [Extra Info... ) #%4H, 7E5 B 001G HEH
Al LAgw iR 2 R ek gm S S, BRI 5 B LAAMETIME B
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Objects: Positions [X, Y, Z (Relative to terrain), Rotation (CCW)]:

Define Object... 0 0 Add Del
cube X Y Z Rotation® | Positions | ~
9.176 6.448 0 45
Import...
°Extra Information for each instance X

The value can be one of:
Rotate_Axis_x Rotate_Axis_y Rotate_Axis_z
Rotate_Axis_x Rotate_Axis_y Rotate_Axis_z Scale_Size x Scale_Size y Scale_Size z

Rotate_Axis: the rotation axis for the rotation angle, the defaultis 00 1
Scale_Size: the desired size of the object
Note: scale is first performed, followed by the rotation and translation

|

OK Cancel

PR STN o  ei

2-37 EHEMEERTE

2.4 SDK for Python

2.4.1 F|F SDK for Python SEE{ LESS #&1il

W 7B GUI R SE IR LAAN, LESS if4 it T —% Python il 4<f{) SDK, it i%
SDK 7] LASEELF| F Python JIACBT A4 TR . Gl =4El 5. BB S EOF R &k 1T
o B Th B . 1% SDK {7 T LESS % %% H 3% T pyLessSDK 3L & (il 4 -
D:\LESS\app\Python_script\pyLessSDK) . 1% SDK A1 )2 L H o R &l 2-38 fis.

‘ Simulation ‘

‘ Scene ‘ ‘ SimulationHelper ‘

\ [
Tllumination ‘ ‘ Observation ‘ Sensor Landscape

4{ SensorOrthographic ‘
Observation | | : .
Orthographic *‘ SensorPerspective ‘ 4{ Terrain ‘ s ‘
Observat'lon — 4{ SensorFisheye ‘ 4{ SceneObjects instances ‘
Perspective

4{ SensorPhotonTracing ‘ —{ OpticalProperties ‘

2-38 LESSSDK mFER N HX AR
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F$ A LESS SDK, 1 %t Z 416 1) Python fFE 8%, LESS WM AAER T 45
) Python3.6 R B: 2% (B w] fd A H fth Python BB %8 ) , LT “LESS %% H %
\app\bin\python\python.exe” , ###f# H PyCharm s JT & 358, H{EARIDHE R ARL 7.

i LR S (i PyLessTest) , 7& [File] [Settings] [Project Interpreter] i+
G Python fRAS, T 2-39 Fron. ZJa, FILAHTEE py XM GaR S8 7. A T e
132 8 74 2 LESS SDK, AMF 7, ZH—Fhidid sys BEHRESINEEAE:

import sys
sys.path.append(r"D:\LESS\app\Python_script\pyLessSDK")

from SimulationHelper import SimulationHelper

X AT EIRAT DPATRE Y, (HRAMTEFITR, BAMREIR. 7£ PyCharm
IR AN —F 50, i 2-40 Fias,  [File]l [Settings] [Project Interpreter] Ak s
THLHETk, #F [Show ALY , SRJRIEFEFTAE MK Python, 7EHERAEAEANIN LESS SDK it
RN E, Z/ERIn]EEF A SDK K.,

€l [File| Edit View Navigate Code Refactor Run Tools VCS Window Help

H S i & N
=] Settings

PylLessTest

Project v Project: PyLessTest > Project Interpreter

PylessTest vV Appearance & Behavior Project Interpreter: = @ Python 3.6

> External Libr Appearance

Scratches ar
Menus and Toolbars

Package Version

» System Settings GDAL 223
File Colors OpenEXR 1.3.0
Scopes chardet 3.04

Notifications dill 0.2.82

imread 0.6.1

joblib 0.12.0
Path Variables mahotas 144

Quick Lists

Keymap numpy 1.14.1

» Editor pip 9.0.1
Plgine pypro4sail 0.1a0
pyreadline 21
» Version Control 3
scipy 1.1.0
¥V Project: PyLessTest setuptools 28.8.0

Project Interpreter

2-39 PyCharm i &

terpreter: | g Python 3.6

<No interpreter>

Python 3.7
> PyPy27

@ Python 3.6 D:A\LESS\app\bin\python\python.exe

Show All...
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Project: PyLessTest @ Project Interpreter

Python 3.7
> PyPy 27

e Python 3.6 D:\LESS\app\bin\python\python.exe

[l Interpreter Paths

D:\LESS\app\bin\python\DLLs

D:\LESS\app\bin\python\Lib

D:\LESS\app\bin\python

D:\LESS\app\bin\python\Lib\site-packages
D:\LESS\app\bin\python\Lib\site-packages\pyPro4Sail-0.1a0-py3.6.egg

2-40 PyCharm HELE LESS SDK

2.4.1.1 Ex01 EAE#

AN ARIS 7R 7 A python B — MR TR, I EEHATEIERE.. HES
A SimulationHelper M1 Simulation B>, Fi# =B TAER4HEIE, J5EHAQREA B
T 2. Simulation £ — SimulatinHelper F1— ™ Scene % i 4 & . SimulatinHelper - %
S AL A d B B, AR DL AR — 2 R4 28 (9140 python HIERA25E) S ThRE, iU
create new_sim PREURIE — N AT H B0 — AN HEIL TS, HH b AEBAR W) 46
Wiz T (RERANSHE , mREN TECEFAE, Wk, Simulation ST A—4
B T A2 B 42 A1 — > SimulatinHelper SEFIA4IE MK, 152 Simulation SE41 5 (Rl sim)
5 2@ i read sim project PR HIE EUEL L TFE KIS B3 sim X 2+, A5 LA H
save_sim_project) R R fF T2 (MR EBNZE, WA UARE) , &AAH start O
BRI B AT AL

# coding: utf-8

from SimulationHelper import SimulationHelper
from Simulation import Simulation
from PostProcessing import PostProcessing

import os

sim dir = r"D:\LESS\simulations\Ex01"

sim helper = SimulationHelper (r"D:\LESS") # (/# SimulationHelper, Z*4[} LESS
W2 F MR H R

sim helper.create new sim(sim dir) # & LF7
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sim = Simulation(sim dir, sim helper) # #/471t simulation ¥/ %
sim.read sim project () # EEIPEIL L FEHTP 7%
sim.save sim project () # /7 LF
sim.start () # H451E7

DA EARRE & — N s fef B B AR, B R AT GUT R RO AT SEB S 24 OB &5 R =2
— &I EE (spectral VZ=0 VA=180) , PRAFMIALE A D:\LESS\simulations\Ex01\Results\, BRI\
RAF N ENVI 1% 20, R RMEREM 4ECE (Radiance) .

i > #7h0% (D:) > LESS > simulations > Ex01 > Results

~

O &R & B HA ESic)
Irradiance.txt 2020/11/27 23:46 AR
| spectral.txt 2020/11/27 23:46 A
| spectral VZ=0 VA=180 2020/11/27 23:46 prg S
| spectral_ VZ=0_VA=180.hdr 2020/11/27 23:46 HDR 3%

& 2-41 #EBRE=ERE

N TR N RS, A PM#E A PostProcessing H [ radiance2brf BR %L, 1% B4
BEA=ASH, B DA TRENESE, HUSKBUERIESEER: 5= A
AT, RARSLRE SR, o B — PR R SCfF: B =A it s eg 42, RN BRF
. BRI AR EFEIE] 2-42 Frox BRF 0. CROBSH 5 & s IR AR A 5 AR

# coding: utf-8

from SimulationHelper import SimulationHelper
from Simulation import Simulation
from PostProcessing import PostProcessing

import os

sim dir = r"D:\LESS\simulations\Ex01"

sim helper = SimulationHelper (r"D:\LESS") # gY# simulationHelper, Z#(% LESS
W2 F MR H R

sim helper.create new sim(sim dir) # &AL F7

sim = Simulation(sim dir, sim helper) # 45 Simulation X4
sim.read sim project () # LI LFEIA 7

# PRI RT3

sim.save sim project() # R T

sim.start () # JLAEA

PostProcessing.radiance2brf (sim.get sim dir(), sim.get _dist file(),

sim.get dist file()+"_BRF")
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$7h0ss (D7) » LESS » simulations > Ex01 > Results

~

= (R =St
|| Irradiance.txt 2020/11/28 7:40 AR
B spectral.txt 2020/11/28 7:40 AR AY
| | spectral VZ=0 VA=180 2020/11/28 7:40 gL
| | spectral VZ=0 VA=180.hdr 2020/11/28 7:40 HDR XXt
| | spectral_VZ=0_VA=180_BRF 2020/11/28 7:40 P e
| | spectral VZ=0 VA=180 BRF.hdr 2020/11/28 7:40 HDR 3714

& 2-42 BB RFRER

A A AE B2 BRI H SO 4 spectral vz=0 va=180 (i i BR %
SmgmdmtﬂMHﬁ),%ﬁL N7 TR, AT, AT LAY ﬁgam%
44, fE read sim project Ml save sim project Z [AEIMESSHSLI, AR UITF:

sim.read sim project () # EFA LFHIA A

sim.set_dist file(os.path.join(sim.get_sim dir(), "Results",

"output_radiance file"))

# B ATF A

sim.save sim project () # K77 L7

2.4.1.2 Ex02 /IJ\\j]uiil EE%

7E Ex01 A, EARFRATSLI 7N EMRE, HERIA ST A 7 — /5
100m*100m [P, AR, FATEAEI SO In—SRiR, Fik e 6.
A. SAI7E OB) X

7E LESS &, HuTHTEM R iR (WK BHT5) L= A1) 0BJ #% X SCHHE
AN, WEASERT DOEIE S =7 AR U0 OnyxTree S5 4E B

P B35t 6 R IAESE Scene AT E H, M0 —4 Simulation f5, W LL#EIS
sim. get_scene () 133! Scene HISLf, HEmvsm e B s TR ~EIEW R

# coding: utf-8

from SimulationHelper import SimulationHelper
from Simulation import Simulation

from PostProcessing import PostProcessing
import os

from SceneObjects import SceneObject

from Utility import OBJHelper

import random
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sim dir = r"D:\LESS\simulations\Ex02"

sim helper = SimulationHelper (r"D:\LESS") # GY# simulationHelper, Z#4({% LESS /]
LR H R

sim helper.create new sim(sim dir) # #7177

sim = Simulation(sim dir, sim helper) # #/43/t Simulation X/ 5
sim.read sim project () # EEUFA LFENTA#

sim.set dist file(os.path.join(sim.get sim dir (), "Results",

"output_radiance_ file"))

HHAHFAHFAHFAHFAFF SN RICE start #####FFHFFHFFHFAHFAH

scene = sim.get scene() # /7%/Scene

landscape = scene.get landscape() # 7//7/LandScape X/ 4

landscape.clear landscape elements () # # /alk LF7CI 7197705 (CEIE {7270, 277
Hir)

obj tree0l = SceneObject ("TreeOl") # & X —Tgsylk, EM Tree0l

# IS—1 obj XHEER treel H— 150, X TFHEZE1 group #) ob X1, B IE 7 BHr 0 H K HF
THHIEETE S PTG, BT group BE I FHILF/E 1

comp list =

OBJHelper.seperate obj (r"D:\LESS\app\Database\3D_Objects\Trees\RAMI\FREX FROM
_HET09_JBS_SUM.obj")

AA

# FREX FROM HET09 JBS SUM.obj BZH 14, #H—1 % leaves, # % branch, At 7%-F
A

#birch leaf green fll birch branch N CE X HIHEIFIEME HIEXUFEIERET —1F
PIHIE

obj treell.add component from file(comp list[0], "birch leaf green")

obj treell.add component from file(comp list[1l], "birch branch")

landscape.add object (obj treell)

# 2EXYF 1> obj XTFH, & BAF I E EA AR B, 7 LESS #1FfZ 9 instance
# BEPLIE LR, By R BLUA A DK 100m*100m
for i in range (1000):

x = random.random() *100

y = random.random () *100

landscape.place object ("TreeOl", x=x, y=y)
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HEAHFAHFAHFAAAH INNGRITCFE end #H#FHFFHFFHFAH
# BT F XA

sim.save sim project() # /7 L

sim.start () # JLAHF

PostProcessing.radiance2brf (sim.get sim dir(), sim.get dist file(),

sim.get dist file()+"_BRFE")

2-43 fEIpFPIARIMBIIEE

B. BEEEEM

7E LESS m, b2 IR Ml o R SR ANE AT, E T A 8 1 SR
RUULBN % (BRRITIE S AR . 52 ORI Optical Ttem. 7€ FAIf)
SR, RO

scene = sim.get scene() # 777/ Scene

landscape = scene.get landscape() # 777/ LandScape X/ 5

landscape.clear landscape elements () # # J5kR LIFC 197 507 (EIZE{rf2/n . A1
w17

# EX—THFEME (LR : HERS: &4
landscape.clear_user_defined optical properties() # /55/7/ HENXHIHFFEIE

# LESS FI45HT M 1% B

op_item0l = OpticalItem("op_ leaves", "0.05,0.4;0.05,0.4;0.05,0.4")
landscape.add _op_item(op_item01) # /FJ/Z/57 7/

op_item02 = OpticalItem("op branch", "0.2,0.45;0,0;0,0") H#LESS ZJLEHT 9 B I B

landscape.add _op_item(op_item02) # /FJ/Z/57 7/

obj_tree0l = SceneObject ("TreeOl") # & X 7k, &1l Treeol
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INN—T> obj 1R treel 9— N5 YT EEZ1 group I obj X1F, Bk ZHR 7 I IRAE
7‘?/75’%5%1‘, TGN, FFE
# group WE AN E

comp list =

OBJHelper.seperate obj (r"D:\LESS\app\Database\3D_ Objects\Trees\RAMI\FREX FROM
_HET09_JBS_SUM.obj")

# FREX FROM HET09 JBS SUM.obj GAFH 147, #H—1 % leaves, #H 1 branch, AUt 755

A

#birch leaf green Al birch branch KLU EE X BIH E I FZ T, HE R 7 G — 1%
Pl ERE

obj_treell.add component from file(comp_ list[0], "op_ leaves")

obj treell.add component from file(comp list[1l], "op_ branch")

landscape.add object (obj treelOl)

C. BEX LS

FEGIT Ex02-A 1 Ex02-B ', BAVEH 2B, BUEREGE, &R
4100 BFE*100 85K, fEARIH, AR EN SDK BHBUL SIS 8. AR plin T .

from Observation import ObservationOrthographic

# XA obj X1FHT, i BAFFIXE EA R B, 7 LESS F#/.Z % instance
# BEPUKE L7, g7 B U A 100m*100m
for i in range(1000):

X = random.random()*100

random.random () *100

y

landscape.place object ("TreeOl", x=x, y=y)

#HERFHFRARAFRFRF IDWGRICF end #HA#FF#FRFHFRARAFAFHH

# IZERGE 4

sensor = scene.get sensor() # A /7% Sensor

sensor.set_film type("rgb") # KE ¥ rgh, A EHZEZHML png FE, WHREZED spectrum, J
B —1 envi B Z R EG

sensor.set_image width(300)

sensor.set_image_height (300)

sensor.set sample per pixel (16)
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# 3#—1 observation, H)FREFGRT, HALIEEER, FEH
obs = ObservationOrthographic() # ZUAMMATIAF 0, Frfyf77180

scene.set_observation (obs)

# BRI H A
sim.save sim project() # A7 T
sim.start () # H451EA

K H LA EARIB AR B 0 R 2-44 s, 7T DUE 2IBULIE MG I 2 P e 4
RS TEE 14 % Gt BE VR BT T

Kl 2-44 BfE RIS E
ksl R o2& 7 BRIAF) SensorOrthographic FS#0 (BlanEG /N, WS 2%
B HANW KA f£)8%45 (SensorPerspective. SensorFisheye. SensorPhotonTracing) , N7 %
e, HEHNEgE, SensorPerspective ;B ACHG AT :

# ISHIFTHT 1% 1B

sensor = SensorPerspective ()
sensor.set fov x(40) # X iz (HEf: degree)
sensor.set fov y(30) # Y Uz (7 degree)
sensor.set film type ("rgb")
sensor.set image width (300)
sensor.set image height (300)
sensor.set sample per pixel (16)

scene.set sensor (sensor)

# IWIMFHINN, 5 SensorPerspective HXTI T4 ObservationPerspective
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obs = ObservationPerspective ()
obs.set origin((50, 50, 150)) # ZEHPIIIIE

obs.set_target ((50, 50, 0)) # WEMHHIHIHIR. HEFIERZ 02 SEEYLIEI 77
J]

scene.set observation (obs)

SensorPhotonTracing 48 3 Wl [n) )t £k 18 B¢, FF & A S b 9 AH ML Sk, [ itk
SensorPhotonTracing ¥ W ff] ObservationPhotonTracing A~ 215 B BRI S8, H s B2

— ARSI AT, RS AN
# IRIAT B I sensor, M /E R

sensor = SensorPhotonTracing ()
sensor.enable brf product (True)
sensor.set sun ray resolution (5)

sensor.set virtual directions("10:90;20:90")
scene.set sensor (sensor)

obs = ObservationPhotonTracing ()

scene.set observation (obs)

2.4.1.3 Ex03 T AIEL

BOGTR BB B 7 AR R, AR TR S A T E R IR
Ja O ISR, 752 A scene.enable lidar(True). H S, P EIHOGHE IR EKSEE
ALSLiDAR A1 TLSLiDAR. &MEEEsH =224, 437N Beam. Device 1 Platform.
Beam {4.#% Axia Division A1 Max scattering order, 4 /57 3} liarSensor.beam.axialDivision
A lidarSensor.beam.maxOrder ( lidarSensor & ] & [¥] LIDAR X %, 4] &1 lidarSensor =
ALSLiDAR() ) . Device A&t Z40, WLt ae s, 77 N lidarSensor.device .
Platform AN F & = % , W H J X A lidarSensor.platform o
liarSensor.set_lidar_sim_mode(LiDARSimMode.MultiRayPointCloud) i% £ 1% B A UL 1) 5 2,
H —Fh Single ray point cloud, multi ray point cloud PA & multi ray waveform (45 GUI ——X}
R o TREFEERIN, AR EERS G, TFEIIH scene.set lidar sensor(liarSensor)>Ki%
BRESEI R, e RF TEIFHTEIL.

# coding: utf-8

from SimulationHelper import SimulationHelper
from Simulation import Simulation

import os

from LiDAR import LiDAR, ALSLiDAR, LiDARSimMode
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sim dir = r"D:\LESS\simulations\Ex03 lidar"

\v

sim helper = SimulationHelper (r"D:\LESS") # £/ SimulationHelper, Z4[}/LESS

W9 =R H R

sim helper.create new sim(sim dir) # W& T

sim = Simulation(sim dir, sim helper) # 451t Simulation Y5
sim.read sim project () # LKL T 247

scene = sim.get scene() # 727 Scene

scene.enable lidar (True)
liarSensor = ALSLiDAR()
liarSensor.beam.axialDivision = 30
liarSensor.beam.maxOrder = 1
liarSensor.platform.altitude = 800
liarSensor.platform.startX = 5
liarSensor.platform.startY = 50
liarSensor.platform.endX = 95
liarSensor.platform.endY = 50

liarSensor.platform.swathWidth = 90

liarSensor.platform.rangeResolution = 0.5
liarSensor.platform.yawResolution = 0.5
liarSensor.platform.minRange = 770

liarSensor.platform.maxRange 805

liarSensor.set lidar sim mode (LiDARSimMode.MultiRayPointCloud)

scene.set lidar sensor(liarSensor)

sim.save sim project () # K77 L7

sim.start () # H41E7

242 WESERK

f£ SDK for Python FRHZft " — £ w] LLAE sl AR Jed OB et A B3R e B L 0 A it )
T H . B RASE N E PR
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pad=:]
Branch vertical
angle (0°, 180°)

ST

FTEE
Trunk height i
A Rbranch
R trunk

WERAR: ek (Ellipsoid)
E#E (Cylinder)
& (Cone)
MUK (Cube)
JEXIFREEr (Asymmetric Gaussian)

* If trunk height is less than 1.3 m, then DBH refers to the diameter of trunk root.

=Y Nz DEE
Crown height ﬁ)er of branches
‘ at each height

5 Rt ER (AR
vertical distance between
branch

| BRI
| Branch radius
| scale factor

P R EERARARABIERE (0, 1)

Leaf distance factor[0,1)

L THRERTF0.1]

oo _ Leaf C|umping faCtOI’ [011]

BiE () IERFME

Crown Diameter(EW) .
Square Leaf
EiE (Fadt)
Crown %Hﬁf
2 Diameter(SN) Disk Lea
(RIETEY)

(Polygon Sides)

& 2-45 REEAKXSY

M E TN E

from ObjectGenerator import CrownGenerator, CrownShape, LeafShape, LAD

cg = CrownGenerator()

cg.lvd = 10000 # HEAAZ
cg.crown_diameter_EW = 2 # Rt
cg.crown_diameter_SN = 2 # FitdiE

cg.crown_height = 4 # Wi

cg.crown_shape = CrownShape.ELLIPSOID

cg.leaf_angle_dist = LAD.SPHERICAL
cg.single_leaf _area = 0.001

cg.leaf_shape = LeafShape.SQUARE
(leaf_number_triangles, EIZiaFia%0

cg.has_trunk = True # ZHAUEET

# WK

# WU O A
# BN AR
# MRIRIR, #0y DISK, i &ty = B4

cg.trunk_height = 3 # RS, WREMTHE

cg.dbh = 0.2 # FTHifE

cg.generate_crown(r"D:\crown.obj") # {%{f obj 3 ff
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2.5 GUI R H Bzt AutoGUI

f£ LESS 1, —ILAH M7 dORPATEAL, 55— PP s $0 L1 GUL, B id s Blbs
s e, o R ZiET Python SDK (BI 2.4 FNZ) SKRPUTHEALFE . GUI —RE K REPAT
FAURASALL, AR BN — L SO AT b AL B — A 7R ZE 0T BatchTool SR2HL (HP 2.2.2 75 48K
4b¥E) , BatchTool & — MW RIEHL TR, RefEXTJL-F- 51 EETE S HOHATE . AT
WAENBAE GUIL Al E S — AT E AutoGUI, B 78 FL 1 % A\ Python 1A () 75 2k
P8, AR — ST H], 8T AutoGUI fEFAL R, A LA 52 ) SDK
A, [RI SCRE R RAS SR R g (] 2-46)

BatchTool AutoGUI

o i

Python SDK

LESS RT Core

2-46 LESS HUTIERIRIIZEO

EFTHECE B — A TR 5, AT LAE S A T /i s Python Console %41, 85
=] 58 H — ST ) python A 247 & 11, EIGACRI AT BUE IS 8 A python VAR SRAZ 24 7 1H 1) 2
o BRSO, LESS #2417 —A> less MR, ilid 120 Ga] LLSEHLXT LESS F iy —Ltez
Btz CH AT RITBCT #8024, a0 75 20T LU D o Bilan, 2% AN less.run_all()
FRHAT LESS £, ﬁxﬁ(% 5Fshpdi F M e [Run] [Runalll K584 —80. HAl
F 2 ans (A LSS print(less.help())$T BN AT A SCRERT D -

print(less.help()) FTENFT A SRR BRI
run_all() AT LESS B4
process_brf() 4= B BRF Bl

add op item(String op name, String op ref front, | ¥ NG JE 14
String op_ref back, String op_trans)

del op item(String op name) IR — 2% el g

modify op_item(String op name, String op_ref front, | B4 — 2tk &M
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String op_ref back, String op_trans)

set_sun_zenith angle(double zenith)

set sun_azimuth angle(double azimuth)
set_obs zenith angle(double zenith)
set_obs azimuth angle(double azimuth)
get_sun_zenith_angle()

get sun_azimuth angle()
get_obs_zenith _angle()

get_obs_azimuth angle()

e B AL £ 5

add_object(String obj name)

I II—> object

add_object component(String obj_name, String

comp_path, String op_name)

HFAS object INIIAH 7, R E
JEE 44 FR

set_object component optical(String obj name, String

comp_name, String op_name)

B A object HIFEAH 7 KO

I

place object(String obj name, double x, double vy,

double z, double rotation_degree)

HHAS object MEAE xyz FIfH,
HBREMAE. EE: Wbk
AN xyz A S 7 BN T R AL
B 0.0, AR 0

del object place(String obj name, int index)

R F=AS object HIFEANML B

del_object(String obj name)

fHlBE—™ object

get_object_list()

3RHY object 513

get_object component list(String obj name)

ARELEAS object HIFTH H 73 515%

set _terrain_optical(String op_name)

BELBIL 0

save()

RfF AR,

run_py(String script_path)

iZ47— python A, wJLAE L
R RS AR — A A S, Ty
5 H AP ATER, 7R
FEZAV
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Sun AZI
View AZI
I
' []
ssssss
[ -]
Y & & @ Polygon
E V| Show Messages X
>>> les _all()
>>> ]

2-47 LESS 1 AutoGUI &5

% 3 ZE LESS ¥ BiEHR

3.1 LESS 1D 55!

76k 2 A S AR A R R R A S R RS SR, MR I — 4R B T AR A
THEACR, RMER 7T Z0R . =40 mARRe s 15 B EvEm L 4E R, (HRH
ANSHIRE R ARG, BRG] 7S AT 7850 = 4EA T R X
— R AR FAE— S =Y [T T TR, K T LESS1D B, LESSID #& LESS
YRR A — 4 TR, H R AR — R RN S5 (B
TFFEE WA A AR S, (R =R B B (a0 o /R kAT #mi
(AT ALAEFE) o LESSID Huf#2ft 7 LESS-Hom, LESS-Row LA &% LESS-Forest 3t =Ffi37 5
B GBI R AZNAR, ATUURAE S R B HAE Z M7 7288, 53R R K
S)oyAidp e AT M 5 UL RS R M S 2 5 . LESSID [FARSHE T Hd 72 5 LESS
B A — 3, RARSHAEHE FE e A OB R IB B e AT, BB SN EREE, it
A PAE LESS1D B —4BE R g, =4RREREEE . LESSID &4t 1 5 H W BIE i,
XRZHA R A DA ERLSE, ZdHT RESHHGHEMMEE T A,
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FTIF LESS EFEfF, 7E [Tools) H4TJF [LESSIDY FF1H, siddi [Browsel A4
g5 I B AR IR i — ML O, e DU E R [Tools] — [Load] #ACH
L AR, WETEANSH)G, sl [Tools] — [Savel fRAFHHUSEL
O BEAZHKE

7f [General] [wavelengths]) & B FDEIER K, WE AW KEE < HH “,”
FgTF. 7 [num of cores] A AR B4 BE v B AH N AL ERAZ EL
@ AR

Y J7EAER], LESSID #iAMEML T —AN PROSPECT A%, aJ L@ M AN 2%, s
PR ROBE IR S A o R A . AN S HU Bl 2884 [LISTY A1 [RANGEY #iFfr,
[LISTY AFE%EHEEAH “/” &I [RANGE] KA “ FRME: H: ERME” M7, &
ARG R BN SHWA S, B DO AT AL B . 78 [Prospect5D] FRHt &
R4, miili [Browsel WEHIH H3t, sidhi [Run] BPRIBLIAS B0 ik & 4 % A%
@ i JZ ISR

LESS1D #2ft 7 LESS-Hom, LESS-Row LA J% LESS-Forest 3t —Ffii 2350, 43R
KIS oAty ZBAT @ 5 L R BOR MO IR 3 5

@ LESs-1D V01
Tools  Help
General ProspectsD LESS-Hom|LESS-Row LESS-Forest Advanced
lai: ] 3
lad: LST | Spherical LESS-Hom
hotspot: usT | 005 |
3 RANGE | 20:0:21
saa RANGE | 0:.0:0
leaf_op: LIST | 0.0389,047150.0389,0.4715,0.0187,0.4860
soil_ref: LusT | 01,01
sky_per: LST | 00,00
vaa RANGE | 0:0:0
vza: RANGE | 0:10:75
 use_prospect
prosect_N: ust | 15 LESS-Row
o Sr—_
Output directory: Browse

LESS-Forest

3-1LESSID R EANEELASH
(1) KFH513%% [LESS-Hom]

8 AL
lai LESS-Hom i lai &35t LAT fH.
lad A A > A 25 8. Erectophile "8 BH Y. Exemophile #% i Y .
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Plagiophile fHi#} %Y. Planophile “FHi%Y; Spherical ER %Y.
Uniform 4t —7%Y,

hotspot PR A XA KR/

leaf op i, 24213k “Muse prospect” J&, LESS1D KiAR 4 prospect
ZHE SR OGS

soil op IO RBREE TR E S EESE B0

sky_per RG] Gk B 77 2 5 3 DU R 55— 50

sza/saa, vza/vaa | KFHKRIUA/ HALMA, WK/ 760

(2) 21783 R [LESS-Row]

ZH Wi B
row width 2B
plant height ZHE
ridge spacing ZE(] R

(3) 2217451355 [LESS-Forest]

ZH Wi A

lai_single tree | LESS-Forest ] lai s& Pk LAT {H.

crown_shape Wt . Ellipsoid #EERFE. Cylinder [EAF. Corn [EHETE .
Cube SZ.77E .

stem density REREE, BligEf RS . Oz 100%100m)

tree height s

crown diameter 5ok 1

crown length oK

dbh fi 4z

@ [Advanced]) % B
Ka)ik [has fpar) , B4 RS BRF $ff; 4Jik [has_fpar] , BgsRIA R
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7 4 BRF 1 FPAR {H .

7t [fpar layers) WEIEZE, a5l it /0)z, ISR —/ZH fPAR. B
N RSP K SRS

£ [sun_spec] Al [sky spec Y #1534 N\ 37 55 I K BH LS55 % S 000 0 B 2 S 0 1

OREIEES

SRR E 5EE, (E[Browse YU BAFH 5% 5 4%, sl Pl 5 0t 2 A AL Run]
RTINS R B [Result] PEELR.
(1) BRF &

£ [Result) $4TTF [less BRF info] txt SCAT EHEHIAS S, BRF BLLE 5
{76 E Dless BRFY ) txt SCA . #EASRT R 7 =AMBE (600nm, 700nm, 800nm),
WU A LRGNy “=T5: 2: 757 o p BIRTARAEAN [RDBLI A1 P2 T 4% B ) BRF i
(2) FPAR 53

7E [Result) H 4T [less FPAR) txt AT #57E FPAR {45 5 .

EEDESE S e

TfPAR KRR S FPAR {8, GFEM F A FPAR 1133 5 FPAR

Unnamed (ZHA%F5) | K Fr & FPAR

terrain Fos 3 SR

Total Absorption R4 I B FPAR 1B

Absorption of | TR /L3RI B ) FPAR 18

unnamed/terrain
Tless BRF_1 - 2% - O X

M@ iess BRE info - B TB X e GEE BA0) BV BB

) RIEE 10 BBV B # zenith azimuth BRF(b1) BRF(b2) BRF(b3) ~ less FPAR 1 - 288 - o x
ResultFile lai lad hotspot ~ ~ -75.00 0.00 0.0490 0.0831  0.4041 SUHHF) SRA(E) 5L(O) BA(V) MRA(H)
sza saa leaf_op_R Front(b1) -73.00  0.00 0.0484 0.0821 0.4007 [-*FPAR**
leaf op R Front(b2) leaf op R Front(b3) leaf op R Back(b1) -71.00 000 00478 00811 04016 layer_bottom layer_upper TfPAR unnamed terrain
leaf op_R_Back(b2) leaf op_R_Back(b3) leaf_op_T(b1) -69.00  0.00 00470 0.0796 0.3946 0.0000 10.0000 0.8670 0.6042 0.2629
leaf_op_T(b2) leaf op_T(b3) prosect N -67.00 0.00 0.0469 0.0794 0.3946 - o
prosect_Car prosect BP prosect Cm 6500 000 00465 0.0784 0.3885 ko lor sach band
prosect_Cab prosect_ Anth prosect_Cw soil_ref -63.00 0.00 0.0463 0.0780 0.3862 layer_bottom p|aye, upper Absorption_For Each Band...
(b1) soil_ref(b2) soil_ref(b3) sky_per(b1) -61.00 000 00465 00781 0.3851 0.0000 10.0000 0.9577 0.9294 06516
sky_per(b2) sky_per(b3) -59.00 000 00466 0.0780 0.3838
less_BRF_1.txt 3.0000 Spherical -57.00 000 0.0465 00777 03790 - Absorption of unnamed

0.0500 50,0000 160.0000 0.1024 5500 000 00465 00774 03760 layer bottom layer upper Absorption For Each Band...
0.1582 0.4303 0.1024 0.1582 5300 000 00467 00775 03736 0.0000 10.0000 07563 07102 0.2399

0.4303 0.1014 0.1702 0.4621 -51.00 000 00470 00777 03728  Rbsoration of taiai

1.5000 8.0000 0.0000 0.0120 -49.00 000 00466 0.0770  0.3689 layer_bottom layer upper Absorption_For Each Band
30.0000 0.0000 0.0150 0.1000 -47.00 0.00 0.0468 0.0771 0.3662 0.0000 10.0000 0.2014 0.2192 0.4116

0.1000 0.1000 0.0000 0.0000 -45.00 0.00 0.0468 0.0770 0.3630

0.0000 44300 000 00468 00768 03614

-41.00 0.00 0.0475 0.0776 03614

3-2 LESSID &L R
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3.2 LESS Plugins

3.2.1 ¥REFRFEA

LESS #2457 — IR Al A s B, dl iz s emy DLPs ) 5 1 LESS PR HA BIE A
THAEAE, LESS 4 n] DTG B 88 il 55 =07 N, BIan{E LESS B A R kATt — 2 1)
B M EEIRI =4E R 1R LESS YA S8sE, AT EH PRI . LESS
ffifF A2 T [Tools] [LESS Plugins] , #TH4E 2 5, < —NEEXENE, 0N EFr
No ZXTEAE M FIH T FrA B4E 1, AN vizsE R E S, AEEER. b —

AEAF IR, TS (Run Plugin.... ] 36 AR PE0SAS ARG HEAA T, 1% FRTH R T
SAFIOFTH S50 ARIRA EHEATAR IR, 25 A Run, WUT BLEAT 0 1

O LESS-Plugins

oDirect\'onaIGapProb - X

Parameters
Input four component file (Path to four component file, (path1;path2 or path*))

| |

Output -
Output path (The output path of the gap (*.txt) (Optional).)

3-3 LESS fifH{ER

322 fRHNFTA

fE LESS KA+ 05 %, LA GUI AR @, Wi EE s iP5
MACHS BP o] o H 54T JF LESS #lifF PR AE M H %X, BE M T wEHx T (fl
D:\LESS\app\Python_script\LESSPlugins) , fEi%H & A —4~ X3 StandardPlugins, 1%
ST ORAF T P AT, BN EE AN SR, S A RSO R AL . A
— A4~ Demo ] Plugin, N|7E StandardPlugins SCAFJE R 1 46 68— AN SCF Demo,
A Demo F, G124 K574 info.json Al Demo.py BI04, SCAEAN 2] LLE M
A B HARE R R . info.json ZFREE €, ArE, WEWMTEFR
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1 info. json 3|
1 B

AEluginName*ACHM?, wHER, REE, BEFRBEFIEEXR
3 "Author": "Jianbo Qi",
4 "Date": "2023/7/2",
5) "Email": "jianbogi@bnu.edu.cn",
6 "PluginDesc": "This plugin calcullates Canopy Height model of a scene.",
1o v BASE, ERATEH Sam  dmmEs.
"Parameters": - — Z 25, R IE
0 *Resolution":{ SHATENBY, ARTHEX
10 "FieldType":"TextField",
11 "DataType":"double",
12 "defaultvalue":1.0,
13 "desc": "The pixel resolutjon gf the CHM" -
14 ) HASHNEN, AR
15 I
o "outpue: { SH4E, BHRTEEX
iy |= "Output path": {
18 "FieldType": "FileSavehs, BHSHAR, TRUERXHE, HMAR
19 "FileT ESESE W s EN N z .
P "DataTipe*:"stzd. 4%4: FileSaveAs, FileOpen, FolderOpen
218 "defaultvValue":"",
22 "desc": "The output path of the CHM (*.tif)."

3-4 LESS #ff-FE A
FEF X (Demo.py) , X4 5464 —8, RFEESZH— run BREEIR], FTE )
WEIZHEA T run BRECF, BAKT LS APluginDevDemo #61FEE B A HI4GE1LE .

3.2.3 #EFHBEGE

SR T R B E DAEE AT b AL B, LESS #2 6t T Python #2100, H i
LESSPlugins MIA R #g 2RI A], HART] LIS DL RS

# This script demonstrate how to invoke the plugins from a python script, in order

to do batch processing

# If you write a code outside this LESSPlugins folder, please add LESSPlugins
path as sys path:

# sys.path.add([Path to LESSPlugins]) # usually in LESS installation folder,
e.qg.,

# import sys

# sys.path.append(r"D:\LESS\app\Python script\LESSPlugins")

from StandardPlugins import StandardPlugins

# this LESS simulation directory or None for plugins that do not need a simulation

folder

curr dir = r"G:\LESS\simulations\TESTS\testLAICal"

std plugins = StandardPlugins (curr dir)

# print(std plugins.get plugin names()) # list all the available plugins
plugin = std plugins.plugin dict["3DLAI"] # query a plugin for running

# preparing running params according to the plugin parameters required

# you can refer to the plugin folder or print plugin.plugin params
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run_params = {

"Grid Size": {

"rows": 1,
"cols": 1,
"layers": 1

by

"Computation extents'":

"width": 100,
"height": 100
}y
"Components": {

"Hide components":
by
"Output": {
"Output path":

rnn

}

{

# The second parameter window 1is only used for GUI, here you can set to None

plugin.run(run_params, window=None)

B 3 Hk

Automatic citation updates are disabled. To see the bibliography, click Refresh in the Zotero tab.
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B %

Mi3% 1 SDK for Python 3Z#4

pyLessSDK FZFIZRaFE 1 Fizs, Simulation £ T Scene Al SimulationHelper P54
2%, Scene /2N ELR, BE TSP SANER, BN Observation, f£/E%a%
Sensor &5, NI B R A ThREW R SCAR

‘ Simulation ‘

|
| |

‘ Scene ‘ ‘ SimulationHelper ‘

[

\ \ \
Illumination‘ ‘Observation‘ ‘ Sensor ‘ Landscape

Observation - -
Orthographic 4{ SensorPerspective ‘ 4{ Terrain ‘ bjeets ‘

Observat}on 4{ SensorFisheye —{ SceneObjects instances ‘
Perspective

4{ SensorPhotonTracing

MiE 1 pyLessSDK EZEA[F]

OpticalProperties

LESS SDK PAI SC#4#fitik:  https://lessrt.org/sdk_api_doc/index.html

SimulationHelper
- SimulationHelper(less_install dir): #Ji&p%L, & A LESS %3 H, 40 D:\LESS

- create_new_sim(new_sim_path): GBI TR, Z%( new_sim_path B TIEH H
5, WMARRTHZ, MEEZEN TE: R ZHXOELEN TR, Bk,

Simulation

- Simulation(sim_dir, simulation_helper): $41& B, & ARIA G2 BB THE H 3% sim_dir,
PL A SimulationHelper [ 541 simulation_helper.

-set dist file(dist file): BB CAFMIEEE (F40: d:\testO1\results\output radiance)

- get dist file(): ZREUH SRR 1E
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- get_scene(): FRHNIF 5 LA

- get sim dir(): ZREUEHL TAZM H %
-read sim_project: UL TFESE
-save sim_project (): PRAFEEFL T

- start():  FFEAAELL

Scene

- set_sensor(sensor): W E LKL sensor

- get sensor (): FHIHHFEH) sensor

- set_illumination (illumination): 1% & 3% %% Illumination
- get_illumination (): 3KH{I 5t lllumination

- set_observation(obs): 1% B 37 5 W 24

- get_observation (): SREUZFUWIMN S5

Landscape

-add op_item (op_item): TEGIEEE BN — 20t

- get_op_item (op_name): FRHEIGUE AL FRIRE— 25061

- add object (scene obj): WHII— I =K SceneObject

- place object (obj name, x=50.0, y=50.0, z=0.0, rotate=0.0): ¥#J4K& obj name i & 7E L &
(xy,2)4k, I E e M .

- set_terrain_op(op name): VB H RN il 2k

- get terrain(): IREIA LY Terrain

- clear landscape elements(): {BTEsHPITE LR, SRR CL LA T AL E

- clear user defined optical properties(): 52535 B & SR Hh 28

Sensor (FT8 Sensor HYEF)

- set_spectral bands(spectral bands): WEMBILAIREL, #111 =1~3 B600:2,700:2,800:2”
- set_repetitive_scene(num): % B35 EE IXE num
- get_repetitive_scene(): IREUF B E IR
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SensorOrthographic

- set_sample per pixel(num): & B&GFRIIIELLZEE

- get sample per pixel():: IRENVEHMG R

- set image width(image width): WEEG%E (G R)

- set_image height(image height): WEEIGEE (B

-set film type(film type): W B EUGZIRAFIAY: rgb B spectrum

- set_sub_region width(width): &EAHNIMTEE, F140 100m ¢ R 50m
-set_sub region height(height): ¥ &AL IE

SensorPerspective

-set fov x(fov x): WEH X FTRIMIAMA, #A7L: degree
-set fov y(fov y): WEY HRMMAA, BAI: degree
- set_sample per pixel(num): & B RIIIELREE

- get sample per pixel():: IREUERE Z A6 55

SensorFisheye

- set_angular_fov(fov): WE MRS M, #ilan 170°

- set_projection_type(projection type): W BRI, U1 equisolid
- set sample per pixel(num): WEEGRIICLLE

- get sample per pixel():: IREUERE Z B 655

SensorPhotonTracing

- set_sun_ray resolution(self, sun_ray resolution): W E NS CLIZEE, Dli/NEliEE &,
140 0.02 FKonhE 2em — 0L L
- enable brf product(enabled): f&75 )i H BRF £, W% enabled=True, N AJf A DL N B& %4
- set number of directions(num): W B IREN BRF B3R 2= (8] 10 7 [ #0 =
- virtual detector directions(virtual detectors): 15 & kLI 2%
- virtual_directions (virtual directions): FERUWR A K, L BRF B3 268 K5
- enable_updown_radiation product(enabled): J&7 i H b 4TS
- enable fpar product(enabled): &5 )5 A fpar IR, W15 H
- set_fpar layer(self, fpar layer): % & fpar 77/Z .
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ObservationOrthographic

- set_obs_azimuth(azi): 15 & W 75 5L £
- set_obs_zenith (zenith): 1 & WM KT A

ObservationPerspective

- set_origin (origin): W BN E, (X,y,2)

- set_target (zenith): BCEAHHUWI HAF, (x,y,2)

- enable relative height(enabled): A&7 8 AN, @S JE N z A4 bR AT HiE 1 5
[, AR AR &

ObservationFisheye

- set_origin (origin): W BV E, (X,y,2)

- set_target (zenith): BCEAHHUWI HAF, (x,y,2)

- enable relative height(enabled): A&7 8 AN &, @ISHF G N z A4 bR AT iR 1 5
FE, A L0t = R

ObservationPhotonTracing

4k 7k H ObservationOrthographic, I IRFFEVNSEEITT, LAE KRS
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