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ABSTRACT

In this thesis, we discuss the holographic projection display by the use of computer
generated hologram (CGH) displayed by spatial light modulator (SLM). With the
connection of near-infrared ray human motion sensor, an human-interactive projection
system is proposed.

A phase-only CGH, as known as Kinoform, generated by applying symmetric
iterative Fourier transform algorithm (SIFTA) which enhances projected image quality is
employed for its better diffraction efficiency. \We have simulated the reconstruction image
by Matlab program. The parameters of signal noise ratio (SNR) and bit error rate (BER)
for quantifying the image quality are analyzed. We design an optical setup to verify the
simulation results above and the projection image can be found after the distance of
Fraunhofer approximation.

Further, We have assessed the impact of LCoS modulation capabilities on diffractive
imaging, and concluded the physical restrict of this projection method. Finally, we design

an interactive projection system to demonstrate a projection keyboard.
Il
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Root Mean Square Error(RMSE)
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$3% FPARAREET BRGNS ER

A it ey BPRAFIR L AR & ko B (Liquid crystal on silicon > A&
" LCoS Fé’ﬁi‘i) ﬂ‘-ﬁ- PR PR miE st R E A S o d R R REM RN
HH B4 BT AR BE A B 09 = F P LCOS R tE R Ap 3 o
RoomFHT AN T AP A F A f2 0 Kinoform § %% > iy o

3.1 LCoS &+ B 4

Aparig * (pSLM £ 4 HOLOEYE =@ 41 2 » A5 5 LC-R 2500 2. LCoS - H
& - fé/li’ g 22 CMOS 7 @iﬁi"’b 7_ 7 BB&?—:F LL*’”LCOS,-»};}/']'J( s BH%‘ET ’
$ﬁ%@ B 5

Cover Glass

Transparent Electrode
Alignment Layer

Liquid Crystal Layer
Alignment Layer

CMOS with Reflective Layer

PCB / Control Layer

Bl 22 LCoS ~ & i Bl

SRR o PP LR B TR AR S afe o OSSR 5 K

T A e AR e ek b T2 LEP T 4Rk 22 CMOS & 0 J5d CMOS #

FIRBEEP RARL B Ser TR > NPT iR & K ik 4 5 1 & (tiltangle)

" ,,QBB}@] KB HWo P o K % g3 ,_g_FE}é] P 2R J,;f# ﬁ;ff ;%
FoH T B AR 0 42 F) LCOS £24 B o 2 e LC-R 2500 % E 4r§) 23

—
HOLOEYE
™

B 23LC-R2500 % B £ 4B (744 B2 1 F)
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Fosl Sl r B F T Bkt a7 o a3k 558 &7 B2 CMOS =%
T oA FENDTRMNECFEZE o F ST BY g
GBRHETER MR ERCF ’iﬁmmﬁ“é‘% 7T RoT
fg»m%f‘”b Gl HARIRA P F 2 hF M- 7 Nk BB~PB v XG5S T5%
@ LC-R 2500 7 ]%{mﬁ BN BB BV 0iE D] 3% ¢
7 B LC-R2500 { #-wme Lyt 7 £

Description Units
Outer package dimensions 35 (W)x 35 (H)x 3.7 mm
Active area dimensions 19.5 x 14.6 (0.97" diagonal) | mm
Screen aspect ratio 4 (H):3(V)
Display resolution 1024 (H) x 768 (V) pixels
Electronic image adjustment |+ 4 (H and V) pixels
Pixel pitch 19 x19 gm
Pixel configuration Orthogonal
Gray Levels 256 (8 bit)
Optical efficiency: Reflectance | > 75 %
Aperture ratio >93 %
Optical Mode Reflective, monochrome
Liquid crystal type 45° twisted nematic
Polarizer Mode Normally black
Max. refresh frame rate 75 Hz
lllumination (max) 05 Wiem?
Cell gap 55 gm
Response time 16 ms

# 4 HOLOEYE LC-R2500 . #: %

dob & ¥ oo, A8 2 LCOoS & 45)215{,ﬁmrav Fdz 8% 5 e ?ﬁg‘}])\ E'”/”*KFEFI%
256 FE(8 1) 247 A 51024 X768 » B - F 2 EES 19um o & T — & oo st s
%ifﬁ;ﬁrﬁ’;djﬁﬁ R dgis H TSk & 44 o

3.2 w Pl LR bk R

TR R Fl i — F6H & ph(uniaxial) sz % % |4 (anisotropic) B4 5% i 5 &Y o
EL fﬁ-ﬂ"? & ENE S Gk S dp e e B (director) o TE 2N S e endT it
ER P i‘—é— L B TS BN, 4o T B 24 957 0§ R R S R em & i BE

{Eﬂﬁ&’Fiﬁﬁﬂﬁ%°§§E—”ﬁ?%%’ﬁ&ﬁﬁ?gﬁ%
RIS > SRR SRR GEE ) BiRhAF AL BE > AT AR S
#-¢ & director g 2 T Tt 4o T H > f AR R director g D LB 34 T H o

EX- D iE B EySa

"o vy oz 2 + A4
A &5 F Mg i."i i-—-i
xzaxaags 0V T ; """: i

(b) (b)
24 1 g AlRfsrF TR LE@FSASF D) T RBET LB
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RS 2 e s FER ST EC SR PR R B
& B B (on-off) s 71| 3= 48 7| % F (twist nematic liquid crystal-TNLC) o s f87% & £ &
Wiep > g ad b~ T A afee aids T Al e dp el A T A e~ B B
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BA @t ofes 2 28 1% ApEa 3 - RO BRLEBEI LR 0 H 5
B 4T f?“"l«')‘?'fj\%? R f T FEARS] o B 25 wE L T A fee & 45 R R &
£ N THFERELDIR 0 ARAF LT RS 0 g e g g
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45°
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G

B 25 45°% 7| % & £ 7 & W

B vt e RO DR T R ik B4 2 (Waveguiding in TN-LC» 7= Adiabatic
FoIIowmg Tog) o = iR xS AP s HRIR T e AR S 4 3 thip

B EE S BT AR SiAIR € 9~ SR A 45% Tl B oSG A R SH(S
%@1@ﬁijé% B (S5 R i 3R W R RdR B EE

d 35 LCOS S ¢ 5§ b hdR BT~ S o K iR i > AP F Ak
§ ks e LCoS =Bk fdr i o 118 LCOS (2 Lk i & - FFd Mikiw
LR i B K 1S B B R A AR iR 0 B Bk O R eh B kg kIR -
FdE s S TN-LC e o B ~ Ho i #2228 5 A PALS 2 B LA 5 (A5 SLM
Jodr) > Ersgt Jo g PISYA]  S R ARIGR A2 B e

3.3 LCoS #p =2 J=tg3d 4|4 L2 HHA #7

d b -] @ity Ao %”F‘Fvi B TN-LC “hoc iy B 0 & e il 5 0 7 203~ 55k
FAR 00 B PRty o Bt BN 51 % 3f SN aEriiE F (Jones calculus) 0 3 3B O~ Bk S gt
SLM s Seen "R 2 4p et B E o
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Jones calculus 21 if & * >t 45 X chigdy o 7 o dEd B el g Y o R
Bk b Bk e ISR o T - 41 Jones calculus & ek (T RIZ o F ko E
BRHRFT LT AXYZ - R BEREP o+ > 5 B KT HFT LA T AL

E — E;ei(kz—wt) — (Q?EOx + yEOy)ei(kz—wt)

= Ey(% cos 6 + § sin 9)eilkz—wt) (53)

B0 E SRR By b R AX S P L AR B R AR LY
G btan B okiAlc wE KL AAEF 0GRS BB Xh L & o
%2 2 Jones caleulus = 58 & 7 o g vk ellkZ0 iy foeih@ i E o v U S
M i =k £ 7 2 Jones vector :
- E
E= |l = 5 [sing G
FX PR EE eyt et B ¥ - ML AQ=0, — @ BT kiR G
B SR AR LR RIR T T LA R S
PN EU AR )
BANX 2 e By 2 e G AaE LG AT A ) SR RIRET F T
A EATER BIEGL o B KRFBAQ = 0pF » (55):V #-w 1| (54) A L MikIE S b
A =+m/2F > T2 i 5 Rl o
P 12 Jones vector % 1 & F- k3R & 0 204 Jones matrices k £t R F i o
BAFALFELLTH e ERXH T U REAF LT T U EE A2 EAE o
FLEFLAIRTOTH T L e TR AW BFE AR RFEE X 2w oy D
vt iR AAPEE A S R L EF AT EE LT e
g it ethlii 2 o Vel A RIE 0 BT KRR Y RS Pt ¢ T
1SLM Jk 3u o vhgi » EEE R D SR e Jones vector o B T il gt % AL dRTE A AR 2
RAIE -
1k phend R kg o~ SPEEE SLM kS BT 00T 260 Sk LR Z
hiddg s T KB EAEAFEALRIRER R fﬂ%%* wE X fhi04E > or
i LCOS » & F & 5 LCoS(RI® #7 5 LCoS') » i85 Gt ih % » (81 5 sk is
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B 26 SLM % %5k i % »c % 2 ]
EY EN oy X RE T
KR v -F BT G X B Lo
‘ ' 0 0
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MipF-7 5T FNyYy 3w
0 1
MR F T F T (7014505 LAl +l
K 17 33 f R w 2 :I:]_ 1

e e , cos?(6) cos(f) sin(#)
MR T -5 Lphst X 0 & sin(#) cos(#) sin(#)

. i éﬂﬁ4(1 U)
w2 R ih T (T X e ,
0 2
S S R Al g1 0
o ' D —
L A A L0k cos2l  sin2f
L AR P ph g X fh % 029 — cos 20

1295 Jones calculus » ] 26 2. » &4k 22 d1 bk B (2 40T

—_

V' = AMMV (56)

V5 1B AR B 6 ~ & LCoS 2 Jones vector - V' & d1 845k 2. Jones vector 0 M A
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http://en.wikipedia.org/wiki/Wave_plate

LCoS 2 % # < i+ Jones matrix> M % =d = A4 & 5+ K % LCoS 2 Jones matrix
AR % ¥ % 5 2. Jones matrix o jﬁLPOChI Yeh # 4 ¢ Claire Gu ##%#7% 2. Optics of
Liquid Crystal Displays[16]¢ & # - ¥ ¥ #% % ™ 2 TN-LC 2 Jones matrices 4T :

20! [ !
A =[ cos°0 cos@’sinf 57
[cos 6’ sin 6’ sin*0’ 7)
I'sinX sin X
=[cosql) —sinp]|cOSX —i7— ¢ 58)
sing cos¢ _¢¥ cosX+z£Sl?(X

d %_t‘ #&%mﬁii?:ﬁf” i—"E )\Ej'mauﬁ"f LCOSTE,E*FF};"]’W‘J’EJ’"J R
% LCOS 4B M » 15 %+ i LCOS 4B 'L Bfi § 15 i 5 o

X — Esz — sin X )
7 = 1t = S P - & Sm¢] (59)
¢sz cos X + l£sz —Sil’ld) COS¢
X X

A9 05 Wil F FE M xpht &0 PR TNLC S T e &b 2 et T
%%ﬁ" do A AT i cnik kRl 5 B B S T R L bh D e P (a1 3 )

BisX =2+ (T/2)%2 ¢ TR 3 et = 5 gt TN-LCH s 42 §d b fde e
director T (= X fh s m Rasrda E a K o
B BETEXxghd0& > B » 84K2 HIRAE -

cos 0
X [sin 7] (60)
Rk CRiSUISC RS o 1 LR R

_

V' = AMMV (61)
¥ I'sinX sin X
= [ cos?0’ cosH'sin 9’] cosX—l77%x ? % [C05¢ sin ¢
cos 0’ sin 6’ Sino’ sin X 2 I'sinX||—sin¢ cos¢
m cos 12 ¥
g | F sin X sin X
_ [cos ¢ —sing ks 2 X ¢ X [cos 0
sin¢p cos¢ sin X I'sinX|Llsin®@
—(p X osX + lE X

35



_ o [cos 8’
=L [sin o' (62)
2 .
cos(6 - 0) [cos?X + (¢ - (1/2)%) (855) - 15|
BT 2 ° (63)
sin X
—isin(d — 0 )r¢( )
HEAFEZ AT R
Z =Eyexpi¢p’ (64)

WRFET L REAFIE @ R AR -
Bol ks Bkt gk £ L 532nm 2 TNLC % Sd2 88 45 B » R4 7 R 2
Ne—MNyE 5 023 (4T BEEE0) k& E&RdZE 55um > -~ i dhip -a

(i
l"‘\ﬂ

AT =22(n, =mg)d s * Stk iR+ 50° thih D& A %300 Bl g o4
PR o B ok 2 AF iR T Z e T
Z-= 0.795e21%37 - (65)

d PO S x Bk B SLM stz dRtg#A H) 5 0.795 0 4p A ] 5 1.193m -
Jones calculus 3 2% ° 5¢ 2 Fde 1| $ra i, = £ 1T 6 LCOS 2 f& ik & {8 crdr iy ™ 2 4p 1>
BAE

R o REAPY AT RRL T R T RO AN PR B S
E A g_:?m: B pE el o @] 27 & TN-LC f¢h e TR {5 e f i 125 o
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Ampitude and Phase Modulation (theta:
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Ampitude and Phase Modulation (theta=0,phi=90)

1 T T T T T T T T T 0.5
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E, = Ey, expli(kcosaz + ksinax + ¢,)]
7 CCD 1} eh fig e sksg o i 5 o

—_— — 2 — — — —a *

1=|E, +E,| =(E,+E,)(EL +E,) (66)
=(E:+E)(E +E )
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Fhd A RF2 ks bl @
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|Eol? %I
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