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Abstract

Abstract

Compared with the traditional illumination optical system, the freeform surface
illumination optical system not only has more flexible space layout but has higher
design freedom, which can finely control the outgoing light and realize complex
irradiation output. This provides a solid foundation to realize healthy lighting,
energy-efficient lighting and green lighting. With the development of society and the
advancement of technology, freeform surface lighting will have a wider range of
applications, and research on its design methods will have greater application value.
Based on this, the thesis intends to study the design of freeform surface illumination
optical system, and provides a set of reliable optical solutions to make the design
simple, efficient and flexible. During the research, three stages were performed. The
first stage involves the design of freeform surface illumination optical system based
on the first-order differential equations, which is oriented to symmetric radiation
output. The second stage extends to realize the design from 2-dimensional (2D) to
3-dimensional (3D), and obtains the freeform optical system with fine control of the
outgoing light. During the third stage, two mathematical models of the freeform
surface illumination optical system in the form of Monge-Ampére equation are
constructed, and better designed effect is obtained.

The main contributions and innovations of this thesis are as follows:

1) Two mathematical models, explicit and implicit, and for the optical system
with symmetric illumination output, are obtained. And the design method, combing
the implicit design and B-spline generatrix construction, is confirmed by simulating
and analyzing the designed result of the two models, which realizes ideal irradiation
output with a few number of sampling points. Then the optical system, obtained by
the design method, is experimentally verified, and the output characteristics of the
system are studied. By comparing the experimental results with the solar simulator

optical system having similar irradiation targets, the characteristics of such systems
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are obtained.

2) The spectral method is adopted to process the Monge-Ampére system
equation. For the simple output, such as uniform square irradiation output, the system
equation is processed by the Chebyshev spectral method. The designed result is
simulated and the result demonstrates that the unevenness of the irradiation output is
4.91%. Since the sampling points of the Chebyshev spectrum method are sparse in the
center and dense at edge, the design effect of the center area for high-resolution
complex irradiation output is insufficient. For this issue, the Fourier spectral method
is adopted to process the system equation, and its boundary sampling nodes are
specially processed to eliminate the influence of its internal periodicity on the
calculated results. Finally, the solution which fits for the high-resolution complex
irradiation output is realized.

3) When the system design expands from 2D to 3D, the design efficiency is low
because of the complexity of the system equation, and the energy utilization of the
light source is always insufficient because it is difficult to deal with the mapping
between topological squares and topological circular. For this condition, two
simplified system models in the form of Monge-Ampére equations, one based on the
mapping of the light source to the target irradiation and the other based on the
mapping of the target irradiation to the light source, are constructed according to the
essence of the system, which lies in energy handling and redistribution. The design
difficulty and efficiency are reduced and improved, and the constraints of the
geometric relationship of the freeform illumination optical system are excluded. The
system model, based on the mapping from the target to light source, further enhances
the design capability. The design method is verified by using two typical expected
irradiation outputs, and the obtained systems are evaluated by the combination of
simulation and experiment. The final results reveal that the outputs of the two optical
systems are consistent with the expected results, the expected complex irradiation
output is realized, the mapping between the topology square and topological circular
is also realized, and the energy efficiency of light source is improved.

In summary, the design method of the freeform surface illumination optical
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Abstract

system studied in this thesis can not only deal with the design of high-resolution
complex irradiation output optical system, but also realize the mutual mapping of
topological circular and topological square between light source and target irradiation,
to achieve higher energy utilization of light source. Therefore, it is a universal, simple,
efficient, flexible and practical design method for freeform illumination optical

system.

Key words:  Freeform surface, Illumination design, Nonimaging optic, Spectral

method
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UEVERNzZ 5P
ij ,)drdt, H[ u,v)(1+0.25w* ) dudv .37

332 HXRLHXEQ 5ERERXIN O Z B MBRE X% FR

RIEE 3.1 Fon, SRS OF Floc BEMRE A, Boc BB #h
KE, BBOCHO B A d I B & F WIS BN p, BB GERIERN A,
UESE

v 1—0.25w2J
...(3.8)

U
A=px= , ,
pE=P (1+0.25w2 1+0.25w" "1+ 0.25w"

RN BB ME LA F, RS ERE S BRI XN T, 10RER S
THHERNX, A:

X=(t,t -1) ...(3.9)

WA FAARBEHEImEMENN, F:
N=A,xA, =(px+px,)x(p,x+px,)
H ...(3.10)
=p’ (1+0.25w2) X—p,pX, — p,PX,
XET B TS S F ek 8, RNEBAH RS/, mRFE 3.2
FURBI R BRI R, A:

A A-X _2N(AN)
Al A=Y AN

..G3.1D
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3% 2T Monge-Ampére 12 B A= R &k

B 32 REtERVIXREREE

HR3.8). 3.9F(3.10)H AF(3.11), FH4:

-1

M =[X-A|(1+0.25w?)" [ P (1+0.25w ) + o7 + pf}

4 E—pz (1+0.25w? )‘2 +pl+p? }
N=p(1+025w*) +M

—p(pu+py)(1+0.25w*)

t, =uN +2pp,M
t, =N +2pp,M
WS ST REE A
) 1+ p(1-025w2)(1+025w?)
) (1 —O.25w2)[ p*(1+0.25w*) " — p? - p3:|+

2p(pu+ pvv)(l +0.25w° )_l

BHEH, 1.t Auv,p,p,,p HEE, RGIHME.15)FRIEN:

' tx :tx (u’v’p’pu’pv)

...(3.12)

...(3.13)

...(3.14)

...(3.15)

...(3.16)

...(3.17)

49



ETHEAAN B 2 RGBT 7 L

t,=t,(u,v,p,p,,p,) ...(3.18)
333 HHHERAXFERGHFERE

ST 1.0, Auv,p,p,, 0, FIREL MHERNEG.7). WH p=p(uv)RFKE. B
BHEEZ N SR REERU, RG.7EEBHELRN:

8(tx,z,)
HQOL(tx (us v),t, (us v)) 5 }v) dudv
...(3.19)
= [[1(.v)(1+025w*)” dudv
Bl
a(tX’ty 2172
L(z‘x (u, v),ty (u, v)) 6(u, v) zl(u,v)(1+0.25w ) ...(3.20)
XA GE ;7‘35%(317)&1(3 18) LS 3¢ &R 1 Jacobian %[, HA:
U v
ot ot
o(tot,)| fou By ...32D)
a(u, V) aty at
ou’ 6v
KA
o, ot ot ot ot
ou ou op’ op, g P
o, _ot, o, a, o,
v v op" op, " o P
o, o, o, or,
ou " ou 3p P ap Pt ap P
o, o, o, - dl, o,
av a'V ap pV apv pVV apu puv
XEAEL N RSHEN O B iim RS, B, =0, BESEEAN

(3.20), WMEHTREIT. &I, fhfd. BH, W5
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3% FHTF Monge-Ampere FIE H i B H BB e R

a(tx,ty)

a(u’ V) (puupvv p:v)+a2puu +a3puv+a4pw+a5 ..(322)

b a~as ATREE, A:

UEFHBRRH o ~a; REATTESR, KBENGH R q FURRBELER:

4p° (1+0.25w2)[ p*(1+0.25w) " + p2 + pf:“:l+ p(1-0.25%%)(1+0.25w? )‘]
yo,

{(1—0.25w2)[ 2 (1+0.25%° )‘2 —~p?— pf:| +2p(p,u+p,v)(1+0.25%° )‘l }3
REa,~a; BEERIEN:
a,=a,(uv,p,p,.0,)8% =, (v, 0,0,,9,),% = a5 (0,v, . p,, ,)
a,=a,(u,v,p,p,-P,),a =05 (1,v, 0, 0,, P,
i R FE(3.20)Be B R IR N
(P = L) O+ Wa, + a0y +as =1 () (14025w2) " [L(1,1,) --(3.23)
WIEE 3.1 5, HEHAEEREEES SRR, &7 SEMBHAER
XIBIR, X EBER RGN F &4
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T EHFERN A iR H RER I HEMA

t,=t(u,v,9,0,:P,
{ ( ):as%-—>a§z ..(3.24)

ty :ty (u,v,p,,ou,pv)

R 00,00, N HIRFREKI O, MO MR, KREERIED AL, REEMN

FER MR AT, 2 1 I 97 54 5 Uik B AR X BRI . Sk
VB Db 22 RSO MR B S e,

al(puupw pw)+a2puu+a3pw+a4p +as=1(u, V)(1+025W /L x,y

t. =t (u,v,p,p,,p, ...(3.25)
BC- { (v, 0.0,5P,) 560, 00
=1, (49.0,PP,)

334 BHHERAXZAGHFENNREEY
HtE(3.23), 4

D=aq, (puupw —pfv)+a2pw +a,p,, +a,p,, +as ...(3.26)
M=R(3.23) 540K -
DL(1,,1,)=1(u,v)(1+025%*)" 327
RIE B w0 7 MR E e ), BESR:
Q=4D, D, —D2 >0 ...(3.28)

X+ D, =aD/op,,,D, =aD|op,,,D, =oD/op, » WREREG.26)H:

2

D, =ap, +a2

p‘lll
D, =ap,, +a, ...(3.29)

D = —2a,p,, +a,

ZBERENA:
Q=4aD ...(3.30)
P A AR B AR A RN, MERG2ED>0 . H
BRGNS T R ¥ q,
F¥fa . BFE 31 FRBERERE, 1+p(1-025%)(1+025w) K
£ AUF B E ARG R, IR, 4REARG16% MBS, IRIERG.12),
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3% ZT Monge-Ampére F2 B hHEBIEZE RS R

2] (1 —-0.25w° )[pz (1 +0.25w )-2 - p? —pf} + 2p(puu + pvv) (1 +0.25w )_1 >0, BHE
p>0, FILEIERS o >0, RS Monge-Ampere FIERFMEME, BEARSR
T2 NG R B 5R R LR M — B Monge-Ampére 1R H1E.

3.4 RRAYILLE kiS5 Monge-Ampére i35 IE

BRI S, MXFRRE. BE-EEE. AREMEMERTESE B
WA TTRREUEMRYE, EEETTERE. BEE. REfSEBANS, WA
WHEAEE R, mA. U, s AR RS BB B AR M0 T R R
341 YIREXRFSVIELERMIE

W IR E AT AR B R e E R Tk, H @R g
TR RN, MAT—ERRE. VWS RETERBAERF. FAM
X 1A 3 B0 R RE O, X B D LS RS T IR T AR AT AR

PILE RS EIRAE AR, AERISM A, UIXE[-1L1] 96, Tk
EREMTXEIRAHSH N+ MLE, BAEA:

u;, =cos(jz/N),j=0,1,..,N ...(331)

RIBULSE R A2 X, BeBIEX Y E R Ry £ AR5 ESER

PR TER IR, N=8FIN=1611ERWE 3.3 Ffir.

N=8 N-16

QU
L1, fi

B 33 YIkERE. EB: N=8 FEN=16 .

AN ™S/

N

L&
—

0

*
o

XEFERENE, DHERARMNGEEZHSIE.

342 PILEEXRKSIER
ﬁﬁﬁﬁ@l‘ﬂﬁk%%ﬁ@%ﬁci&ﬁﬁﬁﬁi'@B‘J)‘iﬁi%: BT X 8 e
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FETHAEN B T RS R SR ETT A

NI R B g 10ty » PEIKES S5 N BEGHAF RS TIRIEE, A5R
EREANTHET N REER p(u), BFRIBERRET LT X A PH
(1), 2" (1), (ty) » LB IR, TS BRI R
WET L, BEHHEAKN[-L1], AFEREO, = cos(77] ), s
J=0,L.N AR B A BB N+ 1T 0y, 010y)
p () RELIFERH, XD, H(N+1)x(N+1) LT RRPERE, AL
p'(u)=Dyp -..(332)
S ERL LB, HEA IS KR AR RA R, A

2N +1 2N? +1 ~U;
(DN)oo = 6 ’(DN)NN =" 6 ’(DN)JJ' :_2(1 _Ju2_)
J

j=12,.N-1,

...(3.33)

¢ (_l)i” . ...
(DN)ij= NENE 1,]=O,1,2,...N,
¢;(u~u,)

Hep (D, ), RBVILFRRFHERED, F5i+11728 j+15IKTR. H:

2, i=0,N
=7 ...(3.3%)
1, i=12,.N-1

i

SRS BITTURHATIAYY, BRI R DY

2 Y
2N* +1 ,(=1) 1 (=1)"
6 1-u, 2
()"
u,.—uj
1Y 4, 10"
Dv="212 2(1-4?) 2 1+u, (.39
(-1
u,.—-uj
_ N+j 2
_l(_l)N _2( 1) _2N%+1
2 I+u, 6

D, H—Hr SR E R B4R, FAHMTR 2N SRR ERRS
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3% EF Monge-Ampere 712 H T BB 2R AR

e, TEEMD, T, ZERTTHTENRS. AD, ®REAKRARE
[-L1], MR ERERSH, Bxt Dy #HT4HEH, W 6/ou=(2/L)D,,
&' fou" =[(2/L)D, ] » A L AREGE SR EKE.

T @S, SATNERSSNEy A EMSRE[-L], &
= (ttgs -ty ) AV = (Vo evy ) > FRIEU=VFEK —1<0,v <1 KBABET

(N+1P° A8, B 3.4 Fim.

N=32
1R
0.5
> 0
-0.5
443
=118 ;s -
-1 -0.5 0 0.5 1

U

B 3.4 _—4UILEERA, N=32

FIN+1 7k p X Sl LRI REVE, &

Po -+ Pon
Pvapvsyy =| 5 7 F ...(3.36)
Prno 0 Pw

RATLE o, MBLARTH (x,,y, ), TTH50"u/0y" 70 0"uf 0" B AIEREFLR:

&' plov' = D’;\!'p(N+l)x(N+l) ...(3.37)

T

o"p / ou" = (Drz:f (p(N+l)x(N+l) )T) = P(vaape(va) (D'Ji/ )T ...(3.38)
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ETHEHEN B oy TR B R 4R iRt 7T

FERRME, FEEFEMEL Monge-Ampére HEEHEASHIHR

O’ ploudv, HKBFERN:
8’ p/oudv=D, (p(NH)x(NH) (DN)T) ...(3.39)
HRAR L V) LS SRS B H R RSk SR, AP FTEAEE & Monge-Ampére
TR, FR (VD) x(N+D)A B SEL o2, Moy LB ol 3/8 & i i

MmUY, HMAERE, BEGERSE, TR

3.5 {AEWIE
351 RFERGUURITEMNRRE
NEE BB SAE RN BRI IER M, it —& G bl Rt 2 R 8

WFERG, R LED i, MTREMIRRE S, 5 RGALIFE

F, RGURMERE d i AR, SBIRR AR 4 B T R 2k B R
BRH, BEROSAWER, T ERELIE 600mm &, Y83 HR
BRI RWR, TBEL 360mmx360mm KNS FHATE, BioREmE 3.5
Fim.

BiERE /

BHRHmEHE /
B 35 PEHAMERTERALFESELRRITREE
3.5.2 EHMERIREL

H H B T R 2 R B HZ O FE T IR1G- A @ AR A X 388 O, A0 B AR4E

RXE O, ZRIRA LR R R, MUFBERETERAY, RS2 S dil
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#3% T Monge-Ampére 7752 H B i B 9622 R Gk

[i)ip ez pt= =
JGUR A6 TR B X B X AR O« TREAR MR RS XS Q, 3B, AR
P B R BAR, ANRI R, R =R RT R AR IR R AT
BI 43 IRT u, v T AT RE RS, &N RPN A SREMSE, WREEIIK
AR B S, (S ERYHME, BRI T:
HAex W u 7 M TREETE, BEREA0EX N FHa=a(u):

[:jll(un0(1+1125wz)admﬁﬁ:If@I:L(Q(uﬂg,g(uﬂg)dudv ...(3.40)

BERENSHLN, F:

1

J-_lll(u,v)(l +0.25w% )—zdv = a'(u)LL(a (u),ty (u,v))dv ...(3.41)
E X PRED = b(u,v) , B

-2

I_vll(u,v)(1+0.25w) dv=a (u)jb(”)L(a(u),ty (u,v))dv ...(3.42)
RS FT 3R R P R B W 2 (,v) — (a(u), b (w,v)), 1R
7 s AR B YR E SR E r ih T BUSEER AT S Uit Se /M08, X B SR A 3K(3.14)

MGASR AT REEIT BT s, KA E B eI L AT R i
THHEAME.

3.53 HRWIE

& _EIRFTEYIEST Monge-Ampere /TR B EULIEL T ARARTIHHE, WH
B i i A AR, HETAAEE A AR R . MR R A Wu 9485 NURBS
B B EAE R, BT IEERNEERAEEE AN MR RTIR, B
AR SR EH T A, BUEASEEMEAE, HAAFEROLEESK
NURBS H HHH, Friggn g dmmEzimE 3.6 frx.

57



ETHCEAHERN0 G it R e 2 RGBT R

—

\/
B 3.6 HHHmER

B 3.6 o~ B i s RN L 2 B 7 e, X2 B TV E R %MW
oA B N T R, (B RIR B A B N FR M SR R X B AR INE T,
PIE ZAIFENLEA SR, X2 REOCRRER HRESBEAKT, ZE s
TR Yo RO YR R R F e 308 F24008 70%, ARSI

THRE BN E CPU AEEE i7 5500U, X% 2.4GHz MR, 8G W7E, HE
PIRGILER 32x32, THEHIRZEWE RN 10°, THAER 2 /e 48 5080 37 Biledh, 3%
BFEHHNXIH O, 5 BEMRERXIROQ, 2 KM ERE XA, Wl 3.7 fir. %

BT AU R R R TFIEE R, HiA B MR E S e R &R (.D,
TS B B DGR LR, XTEE 3.6 HEHFTEI.

TR 5 P& 0 A 200 B trdE BB & o A
1.5¢ ‘ ' ' ' .
L : | : :
100 '
0.5 Hi
B 1 w> 0 ‘
t
-0.5 |
-100 ¢
S I s e e R (15 = 1 e
& o ¥ == =
-1.5¢ , . -200 . :
-1 0 1 -200 -100 0 100 200
t
U X

B 3.7 SRS HARZ[A B

58



3% #T Monge-Ampére J7 2 B B g R BDGE R G iRTH

AR FTHIZE R | B TR, INOGIRS A ARAR IR, PB4k | i T
REILE RS, WHE 3.8 Fion.

A 38 WHREBRNE A ERIDLERS

STE 3.8 Fonid E BRI REETHETE, 187 500 &ML,
ARBE 3.9 FRIEERAR, BRAH =488 ErE 3.10 fiws.

Irradiance Chart
() .
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0.0000015 >
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0.0000007 —100]
0.0000004 20
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v T . Y 0000000 0000001 0000002 0.000003  0.000004
-200 -100 G 100 200 P
X()
X @E¥) =0, Y GEk) = 0, Velue = 3.57962¢-006 Current Y Slice (%)
WAE2
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300 200 -400 [} 100 200 300
&7

Current X Slice (&X)

B 39 ERHEHMER
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BT HAAR B dith R k2 R R T A

EEH

200

A 3.10 ERHE=4Er

ARG BAETHEEE F3KE 360mmx360mm K75 T 51 46E B CBE,
MTEGERRKE, QL& EiR, A —SRIFE R, W SaEit
TR, WnsG.43)ATan:

. . L ;
Illumination nonuniformity = =& M 5 1% ...(3.43)

max 'min

A L, R X IR AE R B E, L, Jofm B X 3 P 48 B R %
ME. HANTESERMNEEE, GE8HRI BRI SIE N 4.91% K5 =R

3.6 FE/g

AEETAHMIRHNZERGRE, WET RS Monge-Ampere H(Z4
B, FEIADIE RETVEMBRITERGHTE, M THBRER SERE, ET
TR BTN EIME, RAGRFEREX SR HT B, 318 T — &5
AR, R RRARSE A E A IE, BRAEAKERIT.

PJE CLBITE AR LED JGUsAN s B By i R 58, SEELMg Sl 5 e IR M e 1o
FERGAB, X BRI TEBATIAE . TR R AT EI S, (A
RER, KELI T HHERA S, BREXBX RS BAER, ARSET
£ 4.91%.
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% 4 & FT 1L Monge-Ampére 572 [ i il IR 06 22 R it

$48  ETHN Monge-Ampere H12E B EBIALF R

41 35|

RE EAMWF M B T % M Monge-Ampére 77712 B H I H R BILE RGER
TR T AR R A RTE, RS T TR R AR, BIRFEAREZ A,
—R AL TELR, TERENK, REKA33x33 BN, THERRIL 3 /M,
WA R ER BT ZRETENIR R XA T, S5I6URFE N ARk
AILE, SBEAFEEEFARAE, ERCZERGOGFENHARLN 70%, EFRE
FHEsiA; RIS R S EA PO R EME, D& RKIEFEERNETE, R
SRR G B R R EEA R, B0 RIBHE LRE BT RCR

st RN R Z AL, REH AR ZRAMAR B R, ARG TENR
B UHAFER—MEABFEENE. m. REEmnm PR RERE LKA &
i R R G W T .

itk

4.2 BHHHERAXFRERR
e T R B 6 RGBT A A T XGRS RE BRI R IF A E T e, B

FEH R G AT X PR AN R MOGIE, SEATOGIRER AR, ULRRIRANET, FT

FRE 41 FrRtERS.

QI

freeform surface

point source

\

A 41 AHHERANZERGSEE
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BT A A s E R 2 RGO TR R

BEARRGEH AR, JOEN NS XSO, JHEE— HEMNULE
PRI Q, R JCIR S e NI RO H I X Q, , £ 5
HEECERGMITE, JXERERXRQ, , HRIITRERS . Bk
RGBT H AR T 3 ROGUE 56 X480 H A48 I X 2 1A A B A B 55 3R, AL
T Z O AR R AT S TR BIAR R, IEEARIE B e i A e ig bt

ETHHBHRIAAZRGEZOLETRENREZESENOR, XFETH
=1 EEHE LA, E Optimal Mass Transport (OMT) i 5%,

4.3 Monge-Ampére 5125 OMT [EEZIgHIXHR
4.3.1 Monge-Kantorovich Mass Transport [a] 55

OMT [l & 4 Monge $H1, FIR K 10 A anda] LU MR — Fr 4 1Y
VO IEEBITRENR A , % MEA BOA T, BNV FAOE I B (I 4.2 i),
AT FREBHEES B BIREE IS s(x), U BHE DR

I[s]=J.X‘x—S(x)[dx (4D

X

y§&

_\@\ Y

B 42 OMT 58

LRybr ik MR E Y F S B — B, X R IER, 8 Ema
Monge-Kantorovich Mass Transport [A] @B A —E X E N2/ R, FHH
WEENEBEAORN B FEIR-BSTRERE X SR B %E N
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%43 T4 Monge-Ampéere 7572 H i I FB B R A Wit

f(x) MR RMFREE Y R, EAMEETREER g(y), WEBAT KRR
FEEANTRFESER . XERABLHANER c(xy), RENxLERZH
e B/ R B y SLE TS BT, R AT B 9 T R A BRI 5 (x) e RAE
BN B F@.2) B/
1[s]=] c(xs(x))f (x)dx ..(42)
Kantorovich X4 ZA OMT [RRESH T BT, MDD % A AR 46 9 — A
2 Y M) i BB LR T — MR R B RR00, X GRS LNREER 5
SRAE, FIRTAER N —f, B E— MR/ RS AR K
KA, HeshaHr 77 BRI B T A 2R B OMT K.
432 HEEMIFRTE
Bk E R A SRR R, WEENESS X EIE
REMFATREN BAFESY, FIHERESEREA(y), FTHREMRY
1E AR L BRI :
[ A(s(x)) £ (x)de= [ h(»)2(»)dy 43)
EHRARIANSEE Ry =5(x), TH:
[ 1(s(x)) S () =] h(s(x))g(s(x)) det(Vs(x))dx )
R4 4)FTEE, A5
[ A(s())(/ (x)- & (s(x)) det (Vs (x))) e =0 ..(4.5)
R(4.5)WHERELE R A (y) HBOL, AT |

det (Vs (x)) =

...(4.6)

43.3 Monge-Ampére 51z
£ B3R OMT MEH, BN ZHARNZ MR R
1
c(x,y)=5lx—y|2 ...(4.7
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T AN B IR P R G T ER A

EZAMBEET, Monge-Kantorovich 7] BEEE 1k,

Immmmej;%h—quf(ﬂ
subject to  det(Vis(x))=f(x)/g(s(x))
L Bz AR R AR, EREY, BEREREIRET, WE/EE
ERERILH, JFRD B R R OLTRAN B AR Z B RIBRSS PR A REFL A, Froese Mtix
I R ) B R TR i Y T R BAAIERA U,
Rockafellar iEH] T € ¥ 1, 7ERLEAR B8 H Monge-Ampere 7772 RIE T AF
B AA 4 B # ) Monge-Kantorovich #) 5i/f8 & 1% & 1] U8, BISRIE T L2

.(4.8)

Monge-Kantorovich Mass Transport [ #% .

EH 1: Every cyclically monotone subset of R" xR"lies in the subdifferencial
of a convex mapping of R" ->R.

RIEEH 1, L? Monge-Kantorovich Mass Transport o] B R RE R IE N

s(x)=Va ...(49)

Ko s(x) R ERFABIMR, o AMEET. 28 R@.8)FHik [ MK 4R

f#Es(x), ZMRECLIUHE Monge-Ampére /7 F2:
det(Dza)(x)) = f(x)/g(Va)(x)) xeX

Vo: X->Y ...(4.10)

@ 1S convex.

434 BHEHEBRXZRSZEE K Monge-Ampeére 5 12HEH!
% EiR Monge-Ampere 7 FERIRM B K R HAERRFE, BENXQG.17HFAR
GAFTRHIEIR B S 2| AR ER Z HMBELE LR A V', BIE:

t=p',
) ..(4.11)
t,=p',

F p' NEM B BHHESE, AR
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% 4% BT Monge-Ampére J772 H e I IE B30 B 4600

BRE 1D X B HARGIHREETFEHERY, 7HE:
£t
((u v),t, (u v)) ( ’)

o T(uv)(1+025%)"
Puwl= P = L(tx,ty)

RIEE 3.1 i, BHMEETREEERIEHRAN, §ECITNER
XIFFEAR, 4R G IR INIL 5 A

= I(u,v)(1+0.25w%)” .(@412)

...(4.13)

{t =P 50, 00, o (414)
y

ZIL R ERE LR HEHE R &OkLR, £ B BECFE RS W
&, FHATUHARE R X O Wb,

1R 2R (4.13)2 % Monge-Ampére HT, 5 THEH(4.13)HE—MHEE
Monge-Ampére 772, HXF R (3.23), X2 —FPEI1LE Monge-Ampére TR,
GEMFEAE, A B BT R R AR SRR,
L I(wy)(1+025w?)”
p Ui p Vv_p uv =

L(QJ5)

) | .. (4.15)

t,
BC: { .00, > o0,
t,=p,

HRGESEMEHEBTASEER o' HERHFXEO SIFERu,v .
PRI IR O A ARME B ez, » SGERHOEEE T M BREREH S L, A0T

B 3.1 iR E HERELERAE TR BN UTRRE S . Btsasn
AR I YR Hh S T S T4 R ) MR AR AR YRt A 5 H AR R TR BT R
HER, REWEALNE b E R R RSSO ERS, XHKIERA A
B R B R AR R G, BRBACHERAGHIRERRE, R
R L A iR R G IRV B ARG, WRERAR, 8 bl
NI, BRSRRTINERE .
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ETHFEN A dh B RERIHERR

H FH TR B S 52 RGBT O FE T RE R — A AT R B, 48 2 SEIR AN FiU 4R
Mad, wit— A8 B i EE R A0 B AR IR Z R B s A IR, —
AERIE R A TER R L, R RIIE B b i iR OEE SR 2
AR TSR B ROCIR W AT 5 B ARE IR Z (B ELRR A 2R 2, MY AT 2 T 6UR H 4 3]
HARGE AR, BT 2T H ARG IR E G IR WA I

B A 38 SR AU (4. 1D AN B A R 0GRt S B RS SR 3R -

u=p'
- ...(4.16)
v=p',

ZIRET R R FIRE R E W R e B T EE R, B

[[L(t.t, )drat, = [[1(u,v)(1+0.25w*)" duav (417
Q Q

RIER@16)BH KR, FR@17)ENLR:

[Jz(t.t,)dtae, =
Q
) ...(4.18)
2\2| O(u,
gl(u(tx,ty),v(tx,ty))(l+0.25(w(tx,ty)) ) a((tz;)) dt,dt,
VR
L(zx,ty)=I(u(tx,ty),v(tx,ty))(1+O.25(w(tx,ty))2)_2ga((—;f;—)) . (4.19)
MRE1FITREA, . BH, 75
' R - S, L(tx’t)')
P 11, P 41, P 11, ](u,v)(1+0_25W2 )_2 ...(4.20)

B ERRRXE Q LR 5R NS X Q, A A 2 A s, Bk
[ WAE

v=p',

i4

u=p",
{ 100 — 0Qy, ...(421)

SRR SRR FM, B REET HAREREDCIR B 5B 1
H HA T R B D6 2 R SRR AR
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%4 % BTk Monge-Ampére 772 B h iR A F ARG R

' ' 2 L (tx’ty)
P B0y ™oty = I(u,v)(1+025w )"
) ’ ' ...(4.22)

u=p'
BC: 100 —> 08y
t

v=p

T B FREE IR B R A B BT BT R BT BRI I N — KR T
5 ) R ot 4 R A 2, DL B sUARIA O B 0L R A PR B TR
RAB R, REEERTER.

4.4 (BEMES%RE Monge-Ampére 7512

168 B I3 05 v — SR AU A A T BT B, XTI S R T,
18 B VA E T E SR R A o2 R R W, X B4 T E R E AR
fy &7 AR 4,

44.1 BEMESEEN
S FE (—o0,00) A 52 X BLAHTTAR,  FLAEAE— IRX 18] s KR a3 4%
(IR $m (x) , 18 B 25 H(Fourier transform) 5 Fi¥ 4% #(inverse Fourier transform)
REfg e X N:
m(k)=[" m(x)e ™ dx .(4.23)
m(x)= _21; [ m(k) e .(4.24)
H(4.23)F(4.24)E L T —AME B2 X (Fourier transform pair), X B4
HAZH m(k) = F[m(x) ] Fim(x)=F" [m(k)]o FTR S, 18 B AR K R X
FARME—, EREXRRBEBHEEEL EiREER N2, s, X
R ™ Me™ FRNROTHMZMERE TR, BHTIEH, m(x)32TER
HERR SRR REAY, B m(x)=F[F[m(x)]]. £WEL, #
B SN E A E (15 2 3 m(x), TR4 k SR B(2r KBE LIS, R
EEBER LB, m(k) FNBEGE: KU, B RR R T
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ETHFEN B LIRS RE R HERR

x FOBHL k AR IR AR 0, BFFERTSORE T I L BIE S m (), 348
B AR SR m (), BRSSP A Sk R — RS A LR .
A5 e LA O R A BN ) SR IR e T AL
W om R HERB, K x TRy T BRI RN AR A BRI A F,| A
F[ ], 3R s@Esm < 0 < TR S, W m(k,»)=F,[m(x,y)]
m(x,k,)=F,[m(x,y)], 3ok Ak, 2505 TR y 77 B RBE. €%
TR [F[ |4 BRE S EEE R RS F] |=F{F] ]
REE] | F =i (E ] JRENE L)), A
m(k,k,)=F[m(x)]
m(xy)=Fm(k.5,)]
EERE, &R R IEAIRE, B TR L g B2
e, HBRRERXT R SAETERR IX (4 P B S B0 8 m (x) FE B AR e, SRR 7EHRAR

...(4.25)

ST R . EXHBNAF, KSRGS BN, FIRN, S
B A5 (discrete Fourier transform)st 2% %X —1E R E K. £ Matlab #, Xt

TFI my,..m,,..m, KIS EUE B 2e e J il A4 g SN
N =27(j-1)(k-1)
mi=Yme Y k=L..N ...(4.26)
j=1
N 2a(j-1)(k-1)i
mj=——kae ¥ j=1..,N ...(4.27)

IRE, Rk S I — RSt AT DA B B, (B TR TR A AN
UN o K FFT i, ..om, ..om,, B 255 ) B 22 6D (D) 15 L O S B0, T4
Gt 8 BB BIRI T .. me, . BRI B, 3L 52 3 R(4.26)
MARGLDE S BE m, =m R = e, KRR, HEE R BRELE
T FBIPEAR G, SRR B B S B B SR A 2
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%4 & FETMH4 Monge-Ampére 512 H B ERIDEE RS R

s b FESEPREE D, — RN ERERH EIR B B A p 2 AT
T 2 e P R 18 B 38 e (fast Fourier transform)®0V%, MEVER LN +4
R AFHAE Cooley il Tukey 32K, #EAH - THARBRKTREZLZ—. B
4016 B IH- 25 3% )38 B B (arithmetical operation) & O( N ), T {RZ 18 B - 25 4 w44
BHEERE O(Nlog(N)). FAIRZLNRAR, Nlog(N)HEKEFEELT
N, ATUKAMHEBERE. B2, ATRBEANEHEER, F2RFIIK

TEHELARL 2N, PHADABNIAN 2,4,8,1632,64... ...0

442 RS RHEHEMESE
T F[m(x)], RIS SRE SRR, 35
Flm(x)]=["m(x)e™de=m(x)e ™| ~[" m(x)(-ik)e™ax .28
%\ > bt, m(x)—>0, M
Fm'(x)]=ik[ " m(x)e™dx=ikF [ m(x)] .- (429)
KAL), RERTEER:
F[m® (x)|= ()" F[m(x)] .-(430)
Hepm® (x) REm(x) I n B 83, RE3OMEXET, BPRFBHEAEME
BEMTHRMPUERT, RERALIETHRARNREEZEER:
m® (x) = F[ (k) F[m(x)] | - 2T S0, 48 5437V (Fourier pectral method)

) P18 B -2 Bl 0y 5 F2 7P 1) 25 3 (space domain) B R 3 (time domain) b KK
S5 B il (spectral domain) L ERBESE, SRARJE7E B4 B35 /8
)2 S BRI 0 _E B4
443 EKRSIERE

EREERT, FEREEANLAREREREN, NaEE— LB
WO, R R 0 B AR — B R BOROE RS540
H. B, RE—BEERERDH, B TERAES, FEFHEETIHA
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ETHEERN B R RER U TEM A

A3, WHLEMERERECRENE.

REAE SR, Bl SMEKXIA [a,b] LN MLE X, x,,...xy B
B 71y, REEH p () B TRV (35,715 (5071 )y (s 70y ) » B

m;=p(x,), j=12,.N ...(431)

REETFEAEETER RN BAKRMEN s RBREERES, (x), %4
JERAERF B my,m,,..m, § A 6 REBHILEAS, MBI HEERL
p(x) B S, (x) RIA S, BERE p(x)FS, (x) 7E x50, LB S
R, HEAEERN, XMBERTFI m,m,,..m, BIEKSHEE.

JEH 5 R LN

...(4.32)

J

_{1 (j%N =0)

o (j%N=0)
K% askRRitE, A6 REFE j=nN (n HMEEEH)NEESN 1, Hih
RO 0, EXNEBALIR N X, = jh, KEW s BANBEEMERNZR, RN

WA
Sk = hﬁ:e‘”“faj =h k =—£+1,....E ..(4.33)
= 2 2
HEmeEe K A o MBI E R
N
h 2
2— Zﬂ ...(4.39)
A Z';z%ﬂwmfh% TR L2 .
XTR(4.34)FATEE, BEIRE.
_h sin ( Nx/2)
p(x)—Ecos( ) n(2) ..(4.35)

LRBNEHEA 5 REIRE K HC9 A sinc ELS,, -
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%43 ET % Monge-Ampere FTEE i B Z RE W

- sin(zx/h)
Sw (%)= (27/h)tan(x/2) - (436)
EXRXIA[0,27] LHFH my,m,,..my, BARN 6 REHLbESM, B
m, = imﬁj_n ..(437)

W, R BN & FECBHNA M sine MRS, » BABBVFF m,my,..m,

HOSEEE S p(x):

N
p(x)=2"mSy(x~x,) ...(4.38)

n=1

KB p(x) RS, WARMA S, MR p(x) kML m,m,,..m, 7

x, = jh AN —IT M, A

p'(x) :imnS'N (x,-x,) ...(4.39)

n=1

K x, —x, =(j-n)h, BR@A39)ENEELAT:

(P'(xl) S'y (0) S'n (_h) S'N(—2h) - Sy (_(l"N)h) m
p'(x%) S'x(h) S'w(0)  S'w(-h) m,
pe) = Sw(@n)  Sw@) sw(0) | (440)
P()) s ((-1)h) | -

[ R ETE IR (my, ..y ) EIRBA—AN NV 77 R B AT 48 2 B 5 A3 7 0
EERH p (x) 1SRRI RE(p'(%), p'(%)s-p' (%)) + FA N BFTRERLR
P sk 546 B (spectral differentiation matrix). X2 D, BAA—Mr Nx N ik R
B, DOFT 0B Nx N sk BAERE.

XERBTHS, BBRAH ) NxNIGRSEMETEITE:

(B A sinc BALS, () 7E x, = jhAEHT n BT SRS (x,) «
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ETHEEEN E A R 2 RGBT EA R

@) DY WE—FIR(SY (x,),89 (x),55 (x,)..8) (xN_l))T,

I (SE) (204), 5 (3 )52 (1),88) (2,)-89 (3y))

BEI0(59) (1), S (), 61 S 8 3-8 )+ &
BEHE

SEANR IR ESY (x, ) HOFHIBYER B n ORISR AE B, KAEHGIE DY I AT
)72 e — R O

o"Sy (x) 2 0"Sy (x)
—_ 7 =(-1) ——~= ...(4.
ox" . ( ) ox" e (441)
A AFEHE, WEH-:
0"Sy (x)
=0 ...(4.
PY; B 4.42)

U BRI, SO (x, ) 76 x = x, 4 (%N = 0) MUERELE o35/ F55 M 07
R, BERBLIEENR LR, 5.

"y () :hmw, j%N=0 ..(4.43)
ox" - =0 Ox"

BT sk SRR DY RIETZ X A E N 27 METIE FHTHER, Fi
INSERRAITHE R B E R L, WBFE DY b e LAGE R B4 TR IE 4 52 B 7
ft, B: (27/L)' DY .

444 FIREKSFEFEK R Monge-Ampére 512

SRIHEE T E R SAERESS, A6 FT8HI Monge-Ampére J7F2(4.15)F1(4.22)5#
ITREEE, Mk BEEMEXRT S RS BTS2 (3.37). RGB.38)FR
(3.39).

TEERNR, RN ST ERE BB R &0, UFH m,m,,..m, JF,

FERRELFFAERT, WEINAm,,, =m,,» BHRUE—mLRLN &
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% 4 F FET 1L Monge-Ampére 75772 5 i B A2 R G

4%t 57— F A R EE = A R . VBRI R, BB AT R R
ROEE, KSR SAEREAIEJTHE, 0 KU & Monge-Ampere 778, 45 mRH
AIREDSIEATE, HRILFREM, XRERVE (RUER ARG, TR R
T A I AR

B BRI EEGEIT A0, TR NN ANERELR, BRIt
41 T 3R75 Monge-Ampére J7 T2 IR, HETIZRA IR LN 5 B AR IR Z 18 B 52
%, Mg almRELERELINEYN KR, HNAERBERGERIT.

AT RAE BRI TER A R, AR BT T A SRR B B il R BTG
RRG, —HEABEEMERBMEIICERS, T ARAREEN M REEREE
R4, FRAGES TGS ERIUERI TTEX TR R T HF

45 SRERGHAHMERAXERSE R
451 XFERZRE

SeVE SR A B B RO ER LED, MTRBARGARRE A Bl
R AES R, WECABKE, sECyE BT, wE 43 frn. BEREAT
AAFR 2R Z BHIE FBE YRR 600mm &b H 56, JelER HIDEE B i i R
JEEA HARIBIRTE, TR 360mmx360mm 17 ARIRIX R, WA A FRIFER
BT, HHEE R MMEBRE AR 2:1, BEACERGRENE 44 R,

H e iy

B 43 HhlmiEa
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BTN A i BB Rt

S BARAERT

B 44 FHAEHBEREEZAS

452 WititHE

BT RAMFABRRAFRME N RS T, TR B, T 1%
PR e, FREAEFEILS =9

1)W%%ﬁ#%ﬁﬁ%@,mﬁiw oK SRR X 7 AR AT A B AT

FAME KRG RE B ATAOER, T30 G 8 B 2 7 3 -5 ) ) A e

ST IRLGE R A

3) ARRE TR INT, I LETE SRR o e BT SR b TG 0 7 ) R 5
FLAR ST

EHEEREF, ZHo2HRTAENE, HEIRSNFS, B—5iE
HET AT TR X IETAR, PR v M AA R TR &,
DR RRTER G, BT SR, RS S Ry AR A 4
BTROANE, XREERIFERRNERM L, 55545 R LU,

453 WITHER

ARAE L B R TTRESAT IR, BALRA MRS B AR, B4R
(4.15), FFLOGIRE]H PR IR Z BB BN 1 WK RGHTIH—1h, 8
FNACE CPU AEEE i7 5500U, W% 2.4GHz K%, 8G W, %
64x64, HIRZWEN 100, TEITHIRA, REMHE 28 H4 A A RSE T i
MR, FE TR HArmZ M mat xR, WE 4.5 s
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# 43 HET4k Monge-Ampére 712 H I B Y RA KT

(a)The grid corresponding
s to the light source (b)The grid of the target
1 =
0.5 | T
= o}l
-0.5 | Bl
-1 ! “
_1‘5 . R n o _ "
-1.5 -1 -0.5 0 0.5 1 1.5
u 14

B 45 FEFERGES BARE 2B <R

454 BHERAXAFRGHNE
B 4.5 Pt 2] EARGE R BUE KB 4.11), £T@1D)EE ER
HHMESE, FHESFREHEmRIEEE RS, FEGELNSERERZ
(8] %of 2 5% 2R SE BT S BT , &5 30 [ B fi T HR A 6% RGOGIR ST 5 BARIE R
Z xRk RRIBERSH T A, HAEFRGIDHMG.18)FinE.
BEERMNRE, MR A PR RER SREIDFHF A TLEEN, (LHEK
AT 4.5 FiRBE X RAGEIR, BT REWE 4.6 Fin.

(a)Comparison of the target (b)The error of the ray mapping

0.3 N —_— 0.3f . '

0.2; pEEHER T 02

0.1 iR S 0.1t
= 0 —a— <> 0

0.1 -0.1

0.2} 8 s f 0.2}

034 A i ® 4 0.3;

0.3 02 -01 0 01 02 03
’.\’ tx

B 46 BUEIREREE

& 4.6 BETIRE TR, TN E t ey REBIEE AT T FE

75



FETHHIRI A i TR 2 R WA R

PG O) A, TR R A AE /NI R 2 . ARHE FTSEBL AT 5 R, 3K 79 SEBR B ey
HmZHE L, K44 NURBS Hi izt kg g i, Wl 4.7 fos. £F
B B T R A 2 R B S WO AT AR, /S e A T T A, X E
B 4.7 BRIl vRF i EEAUE B, RN RS TN [ i i
BTG, R ERME SUEMENARIRZE, FIEERNE 4.8 Fir.

B 47 SEBRMIEERE i hE AR
The error of radius vector

e
X :I;;:::: (X2
Y OTONIARNEET
NN
LRI IEL,
% (X0 ,,a, % l,,i/,,,
N K A TR s,
a “\ Vi (L LLUT Ty
“‘ (S 4117, Ay,
R \““ “ “ () f’ 7
ity W O’I DTS
N AN,
S IOOR
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% 4 & T4 Monge-Ampére 752 B i 16 I8 e 2 KAl

WIEE 4.7 M E R HEEEE 4.8 FTalE BEERAEE R, fimmiE
B CA” PR, ETZER, SIGEMBAERE, MEEAEHMER
RS, E 4.9 s

16, 2019
oushe30_kanaknl1l.1
tTools 7.0.0

B 49 ZEHABdHERIEFERS

455 HESH

RIEE 4.9 FraEst B B MRIDERE RS, B 500 T5R0LL, REHE
4.10 BRI I B 07 E 40T BT 4E IR S TR B L BT X bE, 3RAE
B 4.11 fisiiEiRiRzE R,

Wradiance Chart
®
o0 -0 0 100 cO
200 200
150 150
1004 0
— 504 50 .
_ o Lo -
> 564 55 >
100 Rl
- 150 - 15
200 .
7
30 10T [>] 100 Q0
X ()
2z YRR A Do 00
R = e
sy <ss0m
$ 90000n Pl o~ w} ~
] AN o] Fal ya
& 03| o L] ] 1 b
. - b i >, -
° = - = H - e xe -3X = i ° &3 k=4 %0
1 3 &
Current X Shee (i) Current ¥ Skee (¥ )

B 410 ZE5T=E bR L R GE R
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BT AL Bt B2 R TR R

the output irradiance errors 507

150
100

50

ty
(o]

-50

-100

-150

-150 -100 -50 0 50 100 150

B 411 PiEHTER RS IR ZE R

4.10 FE 4.11 Fros BO%E B e s 2 Ho R 22 B, T (i 3 50
TR B e 2 R GETE H AR MR LSk I T <A BUR IS . W B b s St
TACER, BERER1G AR HUHR MR AR PR TS S A EL A 2.02:1, X 5T
2:1 5B LUA AT - SR A 48 R th 2088 1 relative root-mean-square deviation(RRMSD)
X4 IR AT PR, PPN RS SR

RRMSD =[S (Lo~ Ly /3 Lo (4.44)

ZTH L, IR RRMSD K/NK 1.84%, Z55R4 NS . 4R, 1ERH
HIEFAHL TR D ERAHUEABEF); 2 FRAUABRE S
SRR . WEAEERAE T TS B ER L, 5 WS
SHEFERZE . Wevh BT B e il TR BSOS TV S Se B | el il I IR 62 R4 5y
BRI, B0 25) B AL g T — S it k.

4.5.6 SCIGIGUE
A — BRI LR TR R T, BB T EXT RT3 R 45t
ITRR IR, EXMTHE 4.7 s & bR, 4T didh i TR song s
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4% T4k Monge-Ampére J7#2 H B B e R4 T

VAR, SHEAEHETIEIE, %F Moore Nanotech 250UPL #2588 i & NI A in L
DIHMEIE JEREEGHATIN T, B mamE 4.12 finx, STt 8 s dimsazy
eSS, MM TEN B, RHEIIB.

B 412 INLATERE S E R

% Zygo NewView 6300-Demo Xt BTN T8 B B i mEEATAN, & T3 i
MBS A MER RS, E8ERNA 413 fin, HEH Ra=49.26nm, 2
fERHZEX.

B 413 HHMEEFEEEE
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ETHEHAN Gt B RS R TETTR

FETHONT O dr bR, 3R 4.9 PR G il R 2% RS S0

V& . G TR LED (¥ Lumileds &%, #1423 H LXML-PM01-0090, —
JTH AN LED JGIRBUD, el sORIR; BN R 5 B R i
JEIR BB G NS G, YR 4.14 BN, Pt E b iR e £ 45
RFEwE 4.15 Fis.

80

B 414 LED i

LEDYGIR &
B il
LEDHLJE B
LED%: 5 1
Brs

B 415 ZEHXEHMEY RELHTFE

e AT RN, REREEE T, FETERERERES



%4 & FF{H1L Monge-Ampére 7572 H t i i B L2 R KT

EHMEEEY MAAERR, HE B E e ET#E L, REENES
WIRERAT, ABEME, FHATESERSEMNHENMNE, WE 4.16 B,
B IRB R 4.17 FiaaiERH S .

ShicgiiinA

LEDY¢: ok

416 LED MRS HBEHAEMANLERR

B 417 FEHE g IR DR R SR R R H

B 417 ERRGETIERE LR T FRAR/DNE & ZR R R A,
SEIL T FUH<AF RUE IR A0 . SR P A K R et 4 M g o 5 R AT R, JF
ek RATR, SRR A WHTIE— . A 4.18 FURIH
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BT HEETRN B B W2 R G A

tH 71 B o

The irradiance of experiment output The irradiance of experiment output

100

B 418 sSIREIRALEEL R

B 418 4R B, BRYNESARE, “AFHRBRS MBS EEH R
FraiE, rRRATRRER SRS 8, BRI S5 82 [t
219 1.75:1, #EwIHE. ATH—PRIFE AT RRRILE R, &
By = 0mm A y = 150mm WAL EHE 505 H 45 BT, B 4.19 B,

The comparison of irradiance output at y=0
- ) ENE
fqg T

| 6The comparison of irradiance output at y=150

b
g

-156 -100 -50 0

X

50 160 150

i
r*

.
@

p

-130 -160 -30

0

X

56 100 150

B 419 iES5LBEEEX

&l 4.19 Fron 0 AEE A SER R MRS L R, SRS REUF Y& T (K
R, YT Ee S AR R S TURAR ik ST A B RGEE,
TAA R AL B R Rk, CATIUAR R ARG, 43700 B ' YA o B S A
R HREE, TR RIE 4.20 FR,
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%4 & T L Monge-Ampére 572 B H i BB WDEZ RE R T

z=600mm z=550mm z=500mm

z=450mm z=400mm z=350mm

B 420 ARENMERBHEERL

B AN BT IR AT x AR, 2 BIE AR z AR B A, RFACIEAFDT
B TRANAE IR TR FAE R e, PR E Rl 421, B 4.22 FE 4.23
Fr7m o

x=—3mm x=—4mm X=—5Hmm

B 421 SGIRH x B 417 R RO I Ay S ) B2
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FTHEEEN G i B R G W TR R

B 422 FEIEWE 2 BhIE T A B AR AR I S H A B2

z=-1.0mm z=-1.5mm

z=Umm. 2= =-0.5mm

7=-2.0mm z=-2.5mm z=-3.0mm
B 4.23 SEIRIE 2 BT 1A B AL AR MR RS IR

B 420~ 4.23 \EREHFMHANER, MR TESME, FREMA
TR IR AL & 1D GIR T MR BIRT, BRI E R E TR I 0L T B, 4%
SRR N, WEmBEREE — e AT 2R x fu R B R, 1RIR
X iie] x HOE RS, ERWRESIEE RO XIEE S, SEEERX SRR K
AEAR A, RIS R X 3 x 7 Rl 1 S TR AL I R, o Bl IE R A R TR R B VR 5
ZCYR IR z B IE R AR ORIRELR i, BAERERNMER, ARG
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%4 & BT % Monge-Ampére 572 B i fi T B2 REG W

BFAY, BEBER/D, LEEERT 3.5mm i, BRHCRXE T LRKAR
/Ny B 500mmx500mm; 24 56IR A 2 3 G5 R S AERT OBIRIEE B e ihED, %
REERRE RN/, BREEEX, BREERAFESEAR, LEERRE
H—ERENES. XEFEEANN, NMERAFAERAE, BRHERAR
FrREE, BRE FEEREAFER, HEONE.

46 EREBENRARGAHERARERE R
4.6.1 BHMERAAEFREEENARIH

P B T R B Y2 RGBT RS, SR A B IR S AT BT, R
RERIS H NI TSR M T T, (EDGTR N B R TR X R, X R H X Q,
AINET, WARENLRRE, BEGWMHITERLE, WHE 4.24 for.

Emergent area
I{u,v)>0

u * I(u, v)=0
(2)Emergent area covered by sampled  (b) Sampled grids covered by emergent
grids area

B 424 IR KIS BRI AL

Bl 4.24(a) 0 7 SR RE A T o Y VB 5 (K080, BB G0 o 4 X SR
B LR A S, JCIE BT RSN B BB AR REAE R 0, MR TR AT
PR BRI R B, (IR KSR A2 BT R4S 2 BARE b
B X B W R B A, X BB AL EE R RN e T S, T UK
BRI, B 42407 S U ] K8 S B A, LR A
FREMRIE R, HASBOLHRERAERL.

IR AR I A, YRR i TR B R R B OB R,
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ETHCEEAN A iR R RA BT R

PN RS AR REEEASE, BDGWHE S AE &4 O i il i R G2 KRG T
JREHENE HArfE R b, EERRRMAT, £THH#mEHE%EREMEEN
JEEETTA R, JEBEARRAN R, SCIRRIRE BRI B ARC A e il BB e 2 R4
BAGEMNHENREERE.

Ma SR AER ST PR AL BRI K A RO, R4 T AREE AR, (HIXFR 7 iEN
RHREEA N REA RIS A PRER A R J7 VR A2 0] 8, B Sy
A 1) KA B Ar5a IR 2GR 5 AR 3E1T R AT 2) WREK 4 NER
it XS 5 5 YR A R SR RGBT s 3D R IO, R E Y
AT S WG XIS A UCHE . 76 ERL ERAF S REFCHE AR, AT IR EDE I
FOLIRRE R M H 1.

LB K I T T e $ 4 [EDE X SRR 1 (0] &, 7F Monge-Ampére 7572
TR T HE DU SRR R R, R0 AR B BT R B vt 53 B R MR R TG M B KBk
462 NXFERGEE

KH B A AOURAE R LED 0GR, BB JaVRA T84k | i i i R
Wt ERGE A, BAFIRRICXIE; ¥ RGN RN E ddim e, Bk
PR IO 2E B H TR SO S 208 HARER IR, TR — 360mmx360mm K/
KIS 77 AR R X EAFRBRIAL T o6 RN R 2 JHIE R, FEYEIH 600mm
HE5z4#H, REZM5NFRGECHES. RFRENEITBirAmciE
PRARIRIUATIE TR TR IR REEFI R, EARREWR 4.25 fim:

Point source

Freeform surface _
Desired illumination §

B 425 WREEAAFREHHERIDLERGRE
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# 4 & HETH % Monge-Ampére 572 E it BB IDLZE R G R

463 WIIHHE

BitHE S 452 AR EMR, FFEETHEXBEAREETREA. &
FEAEF AR M, X BEAEER.
464 WIHER

TER ARG 22)BEHAERL, F P E R S X AR B AT b3,
WHEBARGRE KT ENENS 4.53 HFE, DUGIRR] B Fr4E R < W B

K1 X RGHEATIA—L, HERTE K B AR R X B YEUR A X R A <
ZINE 4.26 Fis.

a) Sampled grids of the target b) Mapped grids of light source
0.3 = : : E— 2f T I ]
,,,,, = : - - En T
; » ‘ R
N i G e o5 i F i ias
13 iy == —
0.1
o T IRENS SR RS 1 R ot e S5 N -1 r
0.2 =¢
-0.3 | s ; R 9 L |
-0.2 0 0.2 -2 -1 0 1 2
tt u

B 426 HEATANEIRERR KB S XA BT o< R

& 4.26 Bon, SR ST BB & FAHME, SO6IR M XERARILEL,
BRI ERIERREF AR, MRS XA ERATHE B b HHE
B, MY FEAF R RN E BTS8Py e s R a5 R A
JeUE d s B HARB BT . SO 4.26 FRBUR SR RBETHHL, ILECIGIR
S XS N B T ORI, YR 5 R SR R R AR AT ST G, FTROGTR A X
B3| H AR B XA R R A 4.27 s,
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BT EERN B bt i e % KRG G TP

b) Sampled grids of light source a) Mapped grids of the target

B 427 FHERCEDHFRERZ B RS 55 R

4.6.5 BHEEBANXZERGWE

427 Pt cBi(4.16), HRX@16OETED O BTSSR, e
KPR E IR CE R G, AR AT RE N LA R SR T, 3
15 Hbr iR S5 0CIR S 2 T 3 R ok RRIA R, HAF NG 17D)RGEA8) R,
ERARBR 2T S5t 20 B el T A e REOGIR AT 5 B ARSE IR 2 18] B0 8 % &
RIEASHZMF B, ALK 427 Fonfimixi. L£TH3EB Pk
SR RARIEAEKE16)HATZEEN, NEESEIIE 4.27 B < RAEIR,
EITREIE 428 FoR:

(b)Comparison between the sampled (b)The distance error between the

grids and mapped grids sampled grids and mapped grids
S e TN 0.3- S —

0
f
X

& 428 EiFiRE
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% 4 & FT (1L Monge-Ampére J5#2 E (i il H8 W2 RS

B 428 WEEIR, H G RGE T AT T TR HE R O)
i, RGN/ MEIRE, MBI R, FELHFAEMImSH
EE, RA4%E NURBS i Akl Mg e il maEs, miE 4.29 s, 5IA
SeYEAN BARRIRTE, WERAEHMmBIDEYRA, WE 430 Fir.

B 429 BHHffimsEL

16, 2019
491urnwen. 1
i maa

B 430 KA EdHmEELFERS

B 429 R, H TSR B ES, BUgNREY, BA
SEANEITS RO . R A BRI A O, o T S5 A0 T ORTR R
PRI, [ B p RO B T ST GV R A R A SR O b
4.6.6 HEDH

S 4.30 BT E o R U162 R G AT U EL AT, BT 500 FTEIEL,
PRI 4 R 431 FTR.
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e HAEA I A i IR 2 R T BT A

Y {(mm)

WA

0 8000Ce
6000002
0.696C02
0.con

N

00 & e

i
w oo

Current X Slice (mm) Current Y Slice (mm)

B 431 TiENTER

Bl 431 E/x, BRI RSE BirERE B RS FRERX
i, HREEmENSESNRE, BEULEXE, BREEF —EB8ET
B, BEORHEEIF],

AVE R RIS, RARG43)HHHE R B RS AE, X
I 340mm x 340mm 177 TE X3, fEERAISI ST ER N 5.78%, 4554 Nk

AEmI\ o

T ERX A SRR T N EE, BEFHS, — B 428 FinRrElr
R, TNERFRIBIBT E & R, 0T E ST, W REE A B 12 .

FEAF IR EN T, R E RETEAIRST RN 100%, BIcERH
LR RS TGRS S RE R, e SR E 2 G TR 4T 5 2505
EHARRE, X5, BARGHAEL L 100%0ENAE, L4 RER,
PTtisE B H T R PGS R H AR R EEICR AN 99.8%, IEHBITE S
{H o A BRI X B B 360mmx 360mm, BI{EZ X IB MBI e B N E e &,
R BE R A O AR BRI %, I B e RG T SRRE BRI R AE g ik
£ 97.94%.
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%45 T4 Monge-Ampére 7572 H i fh i R B 2 RA vt

4.6.7 SHIEIE

PIEAMTIAE T EAB R AR, SRR AT B il R Bt
Y, RIEE 4.29 Froni B i HHEAEE LK 4.30 FRed A B in it R4
HBE R G T RIE.

Y b o TR Y LT YR Y RS (G, TN TS, A Moore Nanotech
250UPL }& % B S &NIUA N T OX B b i RS G TInT, FrEskimmn A
4.32 iz

A 432 R&NEHBENLER

X F Zygo NewView 6300-Demo st BTN I f B e e T TR B AT R I, U E
8B H Al RS TR A MR RE A 4.33 AR, HF Ra=28.664nm , T2 fE
HEK.
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BT B b i i IR 22 R IT R AT

Sequence Co

+8.02000

.,lob‘e i Mag Mép

ectrum Map
T -0.06000
rum Profile T T
2.000 0.10D 0. 0300 0.400 0.503  6.630
Intensity
Ra

profile sta

I 2450

Sat Mar
/N

sce/WaveEront Brofile

B 433 B il TS M RTRE R I 4 2R

JGIER H Philips LED H# Lumileds &%, 5 5 LXML-PM01-0090, — J7TH
K91z LED KGN, BaE e, FAMLECE S 5 AR BCoAEL,
TEHOGBIE NG, SZYE 4.33 Fix.

B 4.34 LED SE¥E
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3% 4 & FT 1L Monge-Ampére 572 5 fy T R W6 R BT

BT AT e RBEAECRIERS, Jol Gl Xt R, SRXHOEIRAE#E
—SRHE, BERERARE R, ERPTEEGTIIER, FRFEIHFEBT.

RV 430 Fiat¥ RERETRG, WHE 435 for, ERIEGCEMLES
B irfa R T 2 (A AR BE B AT 4R T, XOGIRS B e il T AR X s B % for 28847
T, IS G HEEAN A ERRME 436 Fin, KAAREENERE, 3
TEARFRAR EARIC TR R X 3, REE 437 Fata i b deR .

HIRHARE TR RELR

B 435 SLRTFEEE

Bl 436 HHHES LED XA EX AR
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FET AN 8 e Re 8l Jr B A

Bl 437 RIS BR

4.37 5RO EoR, A iR DS RS HARH LI RLT T
KANRTTIR R B . T RGUCIER B S, BIREH b OB IR X .
RUORUL, RIS UL RO —5, OB X 5 SBRE AR . Ait—
RFUHE R R e, SR P B v R B PR o) 4 R 1 4 SRR ATAR N, et 45 AT
B, TERINE 4.38 Pis e R oA B
_The output irradiance( W)

The output irradiance
200

b3

L(W/m*)

=
>

160 -
200 )
- T h
100 ™ - 200 50
U 4
pooo100 00 : )
2000 200 x T 200 -100 0 100 200

B 4.38 sSEIGEHE A TS HE AR AR A A
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% 4 8% ET 4k Monge-Ampére J5 72 B f BT MR BA Y22 RG R IT

¥ SIS B 505 ELBE AT I, A FERE y =0mm 5 y =150mm 3E R 1H -
P& BERFHATIT L, IBERME 439 s,

The output irradiance of y=0
’ ‘ —o— AR
e (iR

R

LW/ni)

L( W/’ )

-200 -100 0 100 200
X

B 439 LESHESERXE

& 4.38 FIE 4.39 SLREER TR, IR H SR T BT m R X, Kb
IR K. eSS, ZIEY R B BRI, BT e X
BB, SBSEAR: M BAAE DTSRI, RERGA KA
ERFZERN 49.81%. XS5EBFAZERE.

GG S REA SRR, HERRRERET H MR ABE,
SR B SRR H AR KN D JGIRE SRR, FEOEEKX
R MR R 2) GEY RSB RE A TR R X IR 4, BT
FOREMK: 3) HESTPRERNEEE, MITHEGE R RARET.

IRy R MR R R, ARAE LSO A %, BRIR B B KNSR
58 e R B LUAEFE 1:3 BLER, SRRy MR R M AR Akt
{B7E 1:10 LRI, el Bt g mih, IS4 T 13~110 8, 3
RtE SRR AR, AN, PR ETAREM TSR

e, AR BTHR N TRV R B R B, GRS ESA
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B HCARI B i B e RS TR

1:1.5, BULREBTULIE, SR RIS MR KRN, 4.5.6 AT
R 5a R H RSB S SO R G, JIR E & R/ B T 5456 8 0 s
Bb, 2909 154, ERDGIRKMY B MESHE RS B RN, Bt R
VR B S, A TEAEENBRANAE. E2BRLE, EFEITHFN
TR AR R B b iR EDE2 RS, FAECIER T SEEE HEESE K
/NI, BEMEIRN GRS SRR, SRS R B AR

R K IFREEX 0 KIS AT 10, EW it B R,
IRFHE IR CIRAE B AR 2N 75.08%. MUY EICIEMA, B0 fotyE
TR, TiEEREHRIHEN 78.41%, S5EWIEIFLE RARK .

NIRFUBAOC S RGURe I, MR R [B) 67 2 48 IR 1, DT Gm BB T 3k vt
o3RI A R R B T AR R L, 0B 4.40 FIR. BRI B R
T x AN 2 B (R B BT RO IR A R R ARk, b T o G 000 e S £ 1
UL, PUOMIXEREECT xHifum, 2z fhiE MR B A T RS IR RS 1, 1
Kl 441, Bl 4.42 F1E 4.43 iR

2=000mm

7-350mm

7=250mm

Bl 4.40 TFEEEHRALE T H05E BRI
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% 4 & T ¥4k Monge-Ampere 7772 B H i B UG # R ARt

x=Omm x=0. dmm x=1. Omm
x=1. dmm x=2. Omm X=2. dmm

B 441 SGURHS x B d 1 B AR A AR

z=0mm z=—0. 5mm z=—1. Omm

z=—1. Smm z=2. Omm Z=2. dmm
B 442 SGIEVE z Bho m AR R i H R
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BT HAEN B i R e 2 RGBT BT AR

7=0mm 7=0.5mm z=1.0mm 7=1.5mm

2=2.0mm z=2.5mm 7=3.0mm z=2 5mim
B 4.43  SGIEIY 2 L [F) B AR I 6 4R HR 3 B

4.40~K 4.43 B HAEARLER, Sl TSR, Sllom W T
ERALB RGN, 48 IR R IRFEAAR, KUNEE /N, B (A4 RE 90 5 1
SEYRIE x AR B AR, BEORER R ) x SR IE A /MBS, R X I x B I
FAZNLSE, RIRGRAEI, x A IR, BIEIRE RN, YGRS 2 #
BN (Hogadihmm, fEERKEEAY 7K, MBEEEL 2.5mm N, BkE
HR DX A5kt HH ARARARTE [, LA ARFRAR KN 500mm x S00mm, 488 X 330 2k b
MEY KERKTHGME, BURREEL T AL, BAEREEED: 2

JCIRHT z FIE IR AR G E ), 48X ISBAS /N, EEX b+
O EWAEE AT, BRI IR 7 M R R, B (AR R o
B

MR 4.21~8 4.23 FromstIRi AR 5 ) 85 FE X 5 2443 B Hi RS M (S o
CLRE 441~ 4.43 Fros eI R D7 1 B 46 0o w0 Al 5 R P SR 48 R Hh R A
FEMRHEATXS LURE AT L, i A 0 v R B R T e 6 2 R 04 MR Hh A e 10 B
MR, DAL E DA BT, B ERIE 2.5mm B, WASEFI M E
o HE e BRI AR A B 500mm x S00mm, 24 %8 B H ' BE T R B AH ALK A
i, ARG AR AR R IR 3.5mm, HAFRx FREEN, SR
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43 FETF I Monge-Ampére FTEE B IEHBAXFERZ T

Fl# % R SR R H AL R N B XA TRREA/DMEIRS B
HEHEE SR EE KD, HPEaRERARAERFZMELAN 1:1.5, MER
BRI RRIRELN 1:54, REBH, ZZEBAN, SMUET
FR PR B tH BB R /D, EDRTRR B AT iR R AR R I E D, RGUR IR
W ARE, FIERMTRIOEFERABIE, SLIER/MICIRS B i i E
BRHESHEBEEEENR, RITEERERE, REZESERD,
MBS EET R IERNT, PR PR R AR, RABKRRG R
HAsEE.

4.7 FENGE

AEERHFERT Monge-Ampére 2 E OMT HEK KR, B H
Monge-Ampére 75 T2 T L2 Monge-Kantorovich Mass Transport &8, HHA#E
BRRRIERR . EET ST A i R D R G HCAE AR, RE T R
4T R Monge-Ampere 7772, —FETI6IE M 52 B ARBRKIBUN, 53—
T 2 B A HE B SR IR H 5 T .

BI NFREMAE 5 A O B VR B RS, TR T IS R
EHERNETERERH AL . SO B Bia & mA &, X
S TR RN, W T RAME I R, K5 T RAREEE
iR, BN E mESH, AR TOREDRH S BrERE KR KRR, H
LR G LIRS, TRRGERIT

DAFE R LR 5 [ e gl T AR B R A BRI T O RS, — MOV R R R ER
a EES RO RS, —FoNE R EREFARNRHXCERE, FXRit
S5 BT T A EAP BRI SC I ITE . WA EIRE e RS, (TREERER
R, BT T BURR/NIAR MR XS, AR B A7 R R 210,
S5SNI ERHE R 2:1, HESIERANK 2.02:1, ERERAN
1.75:1, BB THENMR; SEEERARCERSR, EITESLRERY
ST BEIR/NR KRR, HP ARSI ASERN 5.78%, FHEE
FIHZAN 97.94%, BETHEY BEME SERKRW, KR RER M+
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ET R B i IR e RE R T IERA

DARERX, NYSEREHH B, BRREERHEREE 50%, ZIE/EHHEL
ReEFIFH L 75%, WA RADE, BT ERR, ZHDEIRANAEIR
58 h RS L EESEEE, RR%EANCRY RIEAMBEEN, RAEFER
GEHBR . WA THICERGREE, 0l T ARERAE. HEARITEE
AR IR R ALR, HAotR A TR, TR RAL B o ORI

ZR T TR TR A RGBSR, BRI T SO, 3R T ik 2R,
HTHE R Z LR R GV R REIRE, AMUATE T ORI 2] B irE R
BRESEAT RGIRTH, ETET BAREREDGR NS BT R w0, B ES
RIENE, T RESRERAL, 2T BREREDCIR D S BENR SRR
TRIRFHEII R, FEEERITER . BERIE, ZRHTEMUBE S SEI =
PR SR, AW IR T TR AR NE TR Z RIS SR RO SEH, 3R18
EEMRRREFAME, B—MEAFEENE. Sk W8, SCHR B i hmi
BaE R Gt Ik
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51 £&XRL

AR TT RS T, IREEHAR BRI ER. RFadih
I ELLIATIR T, A, fith. FREE NI E B mR IR AW
Wit. BEgx—BEK, EARARERML, REEHT EAEEZRFHNE:
ET—W s 528 B i i R I 3% 2T % # Monge-Ampére 727 B H il
TR Y% R4 METH L Monge-Ampére F T2/ B I E I FE R A
Wil, RAE T —ERALHNE hiE B ZERRR T, ZH BT
KRB BEWNT:

1) EF—Ms 728 8 i il R R ik

BT —Hris AN A il IR ZRE O RARK 4R, AT
FR M — R mETE, 2 A iR R G R BN, AR BB EN
XASER M RGHTIRANT, MAFCF ARG, AHmEaERAH
=2 TR AR

HET, BEARRESTRIUAXRER, SawgTEER, HRREEN
FRaRXF R R B B AR B R RS REER SRR, WET
SRR L, HHITHEM, SREH, KRB, PIRAHRERS TH
ER R, EEBHNIFEENE, BNEREERE L BERNNS,
dO KISAFERS X ; RV AR R RN AERE X, 1B Hpt [X A7 76 B R AR 18] 19
BE B LL. BINRAE AR AR FER A HEEEET 2, ElA
I aE A BT, B 7R RE T W B 4R R =480, PO R
I nAE = 4R S BRI SR, RV R B, YR
fRUZIEE, 0B A TRAEABRRAHAR, —RTgR=4RMEERR
WARRRM R Zo8, BREIHEES B HABRWRTETLINER,
SR BIMUMERR R EHAEE, BRBREBRATIRER, Ll
ASHELRVE SRS, LI EEHUI T EAAEREHICR.
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ETHHEN A B YIRS R R FIER

CAREINGAT R 9068, B R RO E A TUm R, X LR A3
TR RGBT RIS . S5 REBW, RAIRE T IR NFTAR 52 R 5
H, IR FRMEANGUAT SR R R X FE B th = AR e, R S IR A 1R
TNl MOCERGEFIEBATHI A, R8T VR S fEXT4m BB L O R i, #
T EMITTFDEIRE T £, TEORH M, AIRER z SIS S B AR
VAUHEN . BT 1% E HEEEE RGOGCE S KBNS RE -8, &it Bk,
Rk 45 R 5 RFABHIAR N F REHEAT I b, AR B RIS, WE
AR5, ERER, BHMEBHAEREHIESTAESRRLEHK
FRALILZR R BiAH D, B tHaeERH 3 AU L, X E5THARR. & 8 b hmiE s
HHERGH SN, BANGRY RIEMERE N, IR ESSE, kkFE
BRI 6 R 5, ST S T i s s 2 4 Rt AR

2) #TH M Monge-Ampére 7712 B £ il ] H8 B e 2 R G it

BN AR E XS R R, S DU R R R 2 R R R
2 BAIHIE 7T B BIFE T SE IR — P B e A B I I = 4R T Tk

ETU, METEERRGLTR, HPRE T AhiimBIEE RGN
FERY, B E 258 JE e — B R T8 Monge-Ampére 5H2. SIAVILLE Kiris
RIGFTEEEAET, KRG T 8 i EEAEdE, #mmEiikit. FFCABEE R
LED Jtil, £ 8 iR B EREEBE LR 360mmx360mm ¥575 7
R RO RGBT RO, WIRTHERBT T EST, SRR, &
SUSEHL T AR AR AR IR, BRI SIS REEIAE] 4.91%.

R AL T PR BAR, (HEEFEARZA, —RFREEREZ,
BOFRERIEAE =, E32x32 BRI T, FrHE =/ sedtit; RVt
TRIETNERFE RN T TR T T, T2 HORIRE A et frie, HatX
HARNAE, PENLESS RGN CREEFAERLE, LRFERGE
REBRAEA 70%, MERFA TR, ZRUILERIEFEEESSEED LR
Pt » 105 DX 32 SR AR I » S DAORAIE 155 3-8 B 048 BB 1 P O X SR 202

3) E Tt Monge-Ampére 77 F2H B B Hl EHR B 6% R4 kit

BHXT LB BUR AT Monge-Ampére 2RI F RERI AL, ABrERI
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EBS5E RENREE

— B, DARE—REAEENE. MR, RiE. SR dimEReER
GRS

AP B BB 8 A Monge-Ampére 75 F25 Optimal Mass Transport(OMT) i & i
F(FRMK, 3£1B7T Monge-Ampére J7FERYET L? Monge-Kantorovich Mass
Transport [ BRIZE R, AHMEARERMMR . 2T, XAENE hiimSH
M2 T PR fEI4LH Monge-Ampére T2 RGERL, —FETOCIR I 2 HAviE R
fomest, B—RET HARERBEDRIE H S S . SRBFTERAITERE RGO
PSS BARE R 2 AR R R, WE B Bl R RIS, R’E
Schr g T E AR, TRBE RS

FINE B M7 iR TR B, R T I B REFTIEAETESR
FBREHIAE, MR T RS ENEAESATHERE, RE T EEHE
SREHERE . SRS R E IR A A& G, SIAFRFMEITRRGE,
W T {8 B 5 VE S A BT B R RN, SIS e MR IN TR SRR R A
HERREME, FETEREIUERSL, RETENRE.

AT RAE BRI B IR, SR B A B R R AR IO R B 3
ﬁ%%%%ﬁﬁw~ﬁﬁ@§%%%ﬁ&w*ﬁﬁﬁ%%%%iU%%%ﬁﬁmo
IR E AR SEIE IR 45 & BT VAT St 45 BT IRAE, AREY, s
VTS A T R R SR R S AR R ERER R REE R
SSeI T FEREL, W T B AR R EEE, Sl T AT RIE
Mg, H5ERAERBRERIMEAN 2.1, HESIERN 2.02:1, LRER
H 175 1, BB EHAEEYE: REEFRELFERGILIT UM
FEREY, TEMIERER, NERARRERAEAE 97.94%, HEE
HEEEF] 5.78%, LT R K/NILIES B B RS S ECR, SRy R
T B S mRm AR R, e R RER O RKEHH T LR
B eSS, WOEARE, RENHARRERR S0%AA, BIERAMGEER
FIRLIN 75%, JEEEBIEMKH b EmRE, SENX RNy RIEHTBIE,
WH—BRFHEAZRENRDN, REERERFEHER.

ZR T ER O TE TR R 4L Monge-Ampére 7F2, BRI T Bit2EE, #=A
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ETHFEN B iR ¥ R4 7B A

TR, REENINIURE T IR E MO T R, EEM 64x64 &
O T, AR AN RIEE] T BB AR HAZR vk ol v i AR A B e
TR R G TR R @l ok, RIET RGBT RENE: EFME
PREBRR DR A MIBCA R R AT VT, #E— BRI TR AR, FERI R R
R R4, UM RERMARKIER, 8 RIERF I MEMBE, 3*
FRERBOTRCR . BB SRR R, RIUE TR R AR 4k
HREo R E MR L B2 RGBT, EREIORIR IS 5 B 758 R
FFEANFR N T FERIAR BB, RIE T R AR BRI A 3 . RIZ s R — .
R HEAEEMR B B R % R

52 fIF=

AR AT ST

1 R TEA TR RGN At m R R R G T, B
THEGIANFEURBAEME ARSUR, WP LA e RS, FIRE RS
Re R AE.

2. R T ET OGRS R B ArdE IR U O R 60 B i kT R L R S Ak
Monge-Ampére HUEBR], ST T &4 P E M am R L 3R

3. Rl T ET BB EDCIR B A X R E BRI RS R L
Monge-Ampére F#MHER, K15 T R mAEEFI AR EIH R

53 RE

AR BRE 7 —Em A8 bR RE R %, B
TP J7 I 7R R SR AT I 5T -

1. Z B R RGRH

BB R Monge-Ampére J7T23R1FIGIR th 4 5 H brim R 2 18 Ay BT 5%
R, EARREMNIII T BB iR RS, JERX 2 A w2
AGMETTIRHATIRA G, £ HBMERIDLERFEEGRRREEF X,
WRETIEIT AR L8R B h s A e R ERILE, B, WEE A i i g
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ESE REMORE

KERGRT—SWA TENEETH;

2. TR J6E 0 E B T R M e R

ARER TR o T AR B S R G A AT ) AUGIE, X R Rk
BT, FFRATRATR, R RSB AR RS,
SeURY R YEXTE R G A . B, YR EN E B R RS
B B R F— S R TN EE .

105



f 3%

HiZ A E5X B EREAERGRE NS S BIRER 2 &
KRRES

TR o TR 6 3 R IR S AR IR IR LA 2 R IR A AR R R
FISE 3.1 LR, BT RS ENRIEERTRR, SRR R R
Borik, M4 W AR E SR H T E AR, XENT HEZNNE
5, S 31— ARRIE () R(n0 ) B, BT, KER

FEMBURF PRI LR, AR R BE W T BT,

Sethstm BAEIRE

EH R E B IR ER G RFR BT
RIEABRRBE, HSCER B MR-

x(u,v) = (14+025%*) " (,,1-0.25w?)
W2 = u2 +V2
Hi S B2k B ) B -

I° =(1+0.25%* )" (wv,1-0.25%)

Shzafiii Tiall s P=y: PR =W
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ETHEFEN 8 MR E RGBT ERA

114

I=px
=p (1 +0.25%° )—1 (u, v,1— O.25w2)

B B T _E NS R R A R RS

WAL, REEEIRTS
pu+0.0625p, (u“ —(4+v? )2)+0.5pvuv(l+ 0.25w*),
N= (_L{)? Pv+0.0625p, (v4 —(4+u2)2)+O°5puuv(l+0.25w2),
1+0.25
! p(1-0.25w )+ (p,u+p,v)(1+0.25w)
EREBMNFEN:
o, (o 0625u* —(1+0.25v )2)+ pu+0.5puv(1+0.2507)
(1+025%%) \/p +(p2+p2)(1+0.25w)
Ry (0 0625v" —(1+0. 25u2)’)+pv+0 5puv(1+0.25W)
N° =
(1+Oe25w2)\/p +(p% + P, )(1+O.25w2)
p(1-0.25w" ) +(p,u+ p,v)(1+0.25w?)
(1+0.25w%) \/p +(p2+p2)(1+0.25w7)
REFEFHELAXE:

N=1IxI,
=(p.x+px,)x(px+px,)
=p’ (1 +0.25w )—2 X—pp,X, — PP,X,

IN°=n,R°—nI°

AFCAFHERE, o, ARSTTIHEE, o IAGTREHEE, BA:

I =.|no® —ni® +(N°-ni1°)2 — NOenil®




My

pni
\/pz +(p2+p2)(1+0.25w )

NOenil® =

SR

\/noz (p2 +(pf +pv2)(1+0.25w2)2)—ni2 (pf +pv2)(1+0.25w2)2
I'=

0 +(pf +pv2)(1+0.25w2)2

pni
\ﬁz +(p2+p2)(1+025% )
_ p’no’ +(no2 —niz)(p,f +pv2)(1+0.25w2 )2 _ pni
p*+ (2 +p7)(1+025w2)’ P+ (o +p2)(1+ 025w

RIECFERGRE, FEHCLRIRARENR:

R’ =(T-F)/|Ir - F|
(tx —pu(14025w?) " 1, — py(14025w?) 1, — p(1-0.25%)(1+0.25%* )1)
|7~ F|

RS S . RWREHRBRE, R, RBRE

\/p no® + p +p’ )(1+0.25w2)2 — pni
(1+O 25w )(p +(p +pv)(l+0.25w2)2)
t,— p(1-0.25w") /(1+0.25%)
K( p(1-025w" )+ (pu+ pv)(1+0.25%° ))(1+ 0.25w* )+ ni(1-0.25w")

G=

y P, (0.0625u4 ~(1+0.250 )+ ou+

t, = p———+G 14 0.25w* )+ niu
(1+0.25%%) 0.50,uv(1+0.25w*) ( ) ]

v P, (0.0625v4 ~(1+02542) ) +pv+

t=p——— 4G
7T (1+025%7) 0.50,uv(1+0.25w%)

(1+0.25w2)+niv}
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Fisx

BiR B BREAFRSNEHMERAXFEREXFRLFSERERZ
[BJEREGT X RHEF

PRAARTE R R ST B o T R B2 R GOGIR IR S 5 B AR B2 R B B
REARH T BEFRRRR R BE .

T,.T,)

gt kiz B B R AL E RS BE

WIELERGRE, JGIE S L TRFRF L, BOGRBHH—FEEANE
HE#ELE—M P, REEHEERELNA T, €4 P WEALIEHN
P(B,B,P), BREITHP(p(6: ¢).6, ¢), WHXRZR:

P = psingcosd
P, = psingsin g
P, = pcoss

BEREP AL P MNBXE, WRE NP HRNAEP AT oM H—

BrRSH, BRP AP ZMT P ALHBEBEYFENNALESNAE, B
A
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ETHEEERN B i R Z R ERA

P=pl
Fy=py L+ pl,
Iy =py 1+ pl,

Hep, NEPELRIBAL T RK & T =(singcosb,singsinbrcosg), HMLATHIE

M 7E S P AR BRAITERE
L)
|

BT HE R IRE S P AR BRAIERE Y-

Py sin6+cos6’sin¢(psin¢—p¢ cos¢)

N = — 71 — —pecosl9+sin¢95in¢(psin¢—p¢cos¢)
\/’0‘9+Sln ¢(’0 +p¢) sin¢(pcos¢+p¢sin¢)
Wi AR E M =—%,ED§&%A7 NHE SRR R RE, WARYE R e

R P AL YEEAETR, BEBMGEI PR A:

v

KAt eREE

Schematic diagram of reflection law

ETEHE, kiteBEEW TR
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LB

ETEE, REERFWTEA:

M:Lﬁl(psingbcos@—tx, psingsin@—ty, pcosp—iz)

|M
BT AR 4 I gt e R RE e M L .

r sing cos Hsin¢[(p2 —p;)tzsin¢+2pp¢ (p—tzcos ¢):|
+2pp, sinO(1z— pcos¢)—1zp; cos &

sin’ ¢[(p2 —pj)cos¢+2pp¢ sin¢}—p§ cos ¢

sin sin 95in¢[(p2 —,o;)tzsin;15+2p,o¢ (p—tzcos¢):|
+2pp, cosO(pcosg—1z)—1zp, sin @

sin’ ¢[(p2 —pZ)cos¢+2pp¢ sin¢}—pj cos ¢
|M|= [p2+(p2+p;)sin2 ¢](z‘z—pcos¢)
sin® ¢[(p2 —pj)cos¢+2pp¢ sin¢]—p§ cos ¢
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