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Optical System Design of Compact Head-Up Display(HUD) using
Micro Display
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'Dept. of Nano Science and Technology, Graduate School, Chonbuk National University

: E—Oﬂ*ﬂ% U}Olii EEE N %Wfd DLPE ©]& o}oﬂl b A

= ImZ AAs ) S =s HD(1,280 x 720 §} ) §O& 1 ~ 28} 714 912 o] 7}5
T BT S ok BE, 22l TEo| shs el iin el A, Fabiet 94 2 Ae oy
o

J

X

to ofN ox
M
>
Ay

Abstract The HUD has recently been downsized due to the development of micro display and LED technology as
a see through information display device, gradually expands the application areas. In this paper, using a DLP micro
display device designed a compact head-up display(HUD) optical system for biocular observation of the image
exhibition area 5 inches. It was analyzed for each design element of the optical system in order to design a compacted
HUD. DLP, projection optical system and concave image combiner were discussed the design approach and the
characteristics. Through a connection structure analysis of each optical system, detailed design specifications were set
up and designed the optical system in detail. Put a folded configuration in the form of a white diffuse reflector
between the projection lens and concave image combiner was designed to be independent, respectively. Distance of
the projected image is adjustable up to approximately 2m ~ infinity and observation distance is Im. Resolution could
be recognized by 1 ~ 2pixels in HD(1,280 x 720 pixels) class, various characters and symbols could be read. In

addition, color navigation map, daytime video camera and thermal imaging cameras can be displayed.
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Fig. 1. Typical Refractive Optical System of a HUD




mpo]a R fAEY S 0§43 &F =Y faEH o] F3A HA

CRT

Relay lens

Combining lens
(Collimator)

Outside
scene

Fig. 2. Typical Reflective Optical System of a HUD

Focal plane

eye

Parallel ray

2
A, #5999 (eye-box), 87| 5ol o] A5 A
ks 1-3]. AloFZK(Field of View, FOV)< #&x}7}
B e a1 AA 9T gAY A%
T Ztwo|t} Aokl WEaE B o] AR F

1 GEARE & F Utk At =2 2gE]
7 = =°]7] w&] HUD 9732
o2 B AAAOE AAs)ofF gt} ghel
£ 4 & Aok o7K(instantaneous)A| ko] 2}
B A AE GRERTeA FaEE 94 2
] 7

AL oF & 60

14
<
o
il
of

X,

[

g O
o

I

5

2
q
_t‘)\_‘
2
~
>,
lo
2
|

a
2
>
v

iy,
of

™

N

N

>,

o R

flo
oy oo
o M
o} W
o
£
Z o

= gE=1
t}. o]E eye-box(FFHAF ) &2 #E9
3] head motion boxZ} 3t} HUDY

eye-box R4 kol B=S 8 e

A, 57 3914, 7t 6914 W Zol 4 ~ 621K 9] 27
g avdth Akt WEA wEA $4 A
65Smm ©|EE of= A% wge] FAYE EFPsh= A
Z10lEH1]. 9] 917} eye-boxE Hojuh ke A

wlo]|A 2 T)AZg o7} 13| urletE FASEt
A 98E Sstng FARE Ge] w7l Ao uk
Hlgste] 43 FolEA "l tlxZde] A7), ¥,
FARGEHA g, BE7] T8 Fol AR deF
S T floF 2L AREAF AAAe] AT A A
AT} FAREA Y] A7), taFeo] sagya

H
, BF T A A AAAGE AA s oF

)
.
o

it

o

N

2.3 Oi0|Z 2 C|AZ2| 0]

231 BRE 84

H o] Ay mlolAz tiAZe ol LCD(Liquid
Crystal Display), LCoS(Liquid Crystal on Silicon),
DMD(Digital Micromirror Device) % OLED(Organic
Light Emitting Diode)7} 1t} o]Fol|A] A4 o= vt
Fatar A o] 7153 OLEDE Al9)8litt 950l A
uls aadl Folof vk LCDS F3& LCoSE 3W
oA s RGB Az 2T, 7250
2 HJLAE Aok stEE F Zfo] vhal v7|7t Ho
ZItH4]. DMDE 5.4 ~ 13.6pm =7]2] H]AJ3F AL S0
dElo] e AR o4 RGB 4HY

Aol fdd HlE A wWel XAl Fojof gl

DMD®] A&EL 2t 2dste] SAKeE HES WAL
AlA dske A71e W AT E BET L RSOl
o GFUEoR el 4 Zfo] =1 Yo} v
=A@l T2 S e o vk A LCoSSt
DMD®| 1} w3} 213l st shielM zrgst
= Aol Fdait). A A i e 9 A7)

Array diagonal: 0.45"
Resolution: WXGA
1280x800

Fig. 3. Applied DMD(DPL4500) in This Paper

(Texas Instruments)

232 DLP 7x 2 EH
DMD% DLP chip o]g}itk 3hH, o] & Alofsle

6229



A7 £33 =R2 A A6 A9%, 2015

215 25 ¥38+51¢] DLP(Digital Light Processing)} &
th. DLPS} 24, ¥l T3t AR 7A4E HaE
gojol] ZRAR A= s GojAl7lE A7} DLP
ZzAEolt) DLP Z2AHE Fulg, 394 2 5%
ZRAE R de 2o|i k. oMl TR
59 WAglel A RGB AH9AE WHE7] Hste] #
2 YHE 5 F97 A3 %0 JYor), RGB 4t
Aol 18E LEDE MM 727t T 27]1%
dA3] FEUTH

[K o

=
it
X
>
9
iz
fu}
ol
O
(o
2

Collimator Fly'seye Condensing lens

lens pair

Light
source A

Fly's eye @= 1212 RGB Al W& A|ZAEE A A
By o7 wrso] 2HZo] ukE "ol ¢

Fly's eye @=ol| YAAZ] tha 4= DMD %
AAIA F o, Az gw A

Bl
H| o] wrdste ) B35 7 Ik
=

= nho] A2 A= amay® A4 Wrhike 272 b A
2ol )71 AL o847 Ao AuAQ FrE 1

el
2 F2E AEEe B2 SN2 Fly's eye W27}
A pFer 2719k iR AZre] stk LCoS 2
DMDell LED #3} Fly's eye W= ZHF3AE 2H
23357} 4ok & dA 1A= DMDe LED 397} Fly's

eye W= BG4S &3 HUDS Leisioirh
719 5& Fly's eye @l el
¢l DLP Z2AEe] T

RGB Mirror
Filter

DLP Condensing lens

IN
BN
o
i2)
?_,(
prl
il

2
ofo
o

BN
i
f
by
N
o

Fly's eye lens pair

2
Beam
splitter

Blue LED

Projection

lens L ~l Green LED

ﬁ\ Collimator
Red LED

Screen(reflector)

Fig. 5. DLP Projector's Optics with Fly's eye lens

£ 0.45” DMD chip2] AFFol] whE FA}
FAAFTI(FED Y 7 &2 Y N=ES
£ o]&sto] Al AAlsta Al ol 4
. FAREEA L AT A whet
ofof &1, DMD chip¥ 75 BHE= % W Y3H]
E5te AEES A 8ste] BeA 2" dAE TE
Atk 28 62 Fly's eye #l= W 3sHAS &
Texas InstrumentsA}2] DLP Module(DLP LightCrafter
4500 EVM)Z 0.45” WXGA DMD chipset(DLP4500)
3} DLPC350 digital controllerS W43}l 9
Foll x3E] e FARRIZE A Zallste] AAE
FARGEA R giA|ste] HUD 38t 74 3 A3l 7+
53tk

ol “:I ol
2 ez ™
ECS gg
= =
Rl
2

T
)
=
T

.o B

Fig. 6. DLP Module(DLP LightCrafter 4500 EVM)

6230



mpo]a R fAEY S 0§43 &F =Y faEH o] F3A HA

2.4 HUD &St &7
241 3= &

1 =9 HUD #37= 2988, FARESH ¢
oEdl=y FHARTIE = 29 79 oot
<3 2y FAAe] 71Fe] H= DMD(DLP4500,
Video and data display-§ = @)= s}2u]<d 1,280x800,
1 3}49] A7} 7t2, A2 242 7.6pmo) ™ HA|G A9
7]+ 7F2 9.73mm, AZ 6.08mm ©]t}. FEA= §F
9ol 9% ¢ e Fx2E Z2AM B3V} o
A A WA (=)ol FAAZ
‘ﬂ'/\]—” oFolH ot o 2 P o} w2

10 o> ox
e o o

0%
2

AARRE 2m ~ FEi(EA 7}:)01 S A7
Q4w FHAACK stE g v i%% 3l oF
A7) thgow of 5914 elth

T o1 A5 (entrance pupil)  7HA|
AABHW St WS skt Folof skaL, FekA 2

rlr

Atolol] T HEALA o] 1] d AR E
Eoto] S o] & WA fleke] whALE Al &=
AU QL sk WA G4l WRALA(White  Optical

N

Diffuse Reflector)S 4839tk WAMES =4 94
Wb ohjel 5 B Abo] OB L A
WAL= EA] -] 9]

E[_]:
AIZE P $H0] A AXE 29T % Qo]

_l

2

olUB 2 214 (sequential) F3HA A A

shd <k fvk Ak el A WaEe] dN
& HolF7] wjiEolth DLPOIA vk 3 o] nhAbAe]
A 2 P AAEEA T 2R o RA o
T& sfuz 5 F3pE Felete] e o we il
A ARS FAY ¢ dvkh E=3, 7 FEAE w8t
of Arllehd AAEAES BT WSS ool HER
A7 ol =7k Fol et whabAlE ik A 9] )
A 25383} 72 o) whAkgo] =1 PYHEs} E
& did 8RS Aok )

4

eye point Combining lens

Screen
(Reflector)

Projection
lens

Fig. 7. Layout of The HUD Optical System

2.4.2 M7 At
e #=79 1,000mm 7150l HD (92
Wk 8kay) 7 full-color FAS YFoR #EF F %
Y(eye-box) 6912 o]A<l s A
A

3
el {—fﬂﬂoﬂ w}a} A7)7} W= ;iﬁj

Sz pslelel del FOvS} g, 9478
1% % Agstelo} Bk FIGe ANE G4
s ECR LS DD R PR

QJojola] A 23kt FRACE B4 5o AuE B

nfolA® tjaFeo] Av|9k Fjd g 27,
A7) A7) 2 G Holg 1] T4
A Fslsh AR es AEs] ol 3
ok HUD 319 A7 BEAEE E 13 2}
Table 1. Optical Specification of The HUD
Design Specification Remarks
Eye Relief 1,000mm 900~1,100mm
Combiner Size 110x70mm 5 inches
Wavelength 486~656nm visible
Total Field of View + 6.1 Deg.
Display Resolution 1,280x720 0.44 inch
Virtual Image Size 16.8 inches Max. @ 2m
Virtual Image Distance 2m ~ oo
Resolution Center 60 sec 1 pixel
Edge 120 sec 2 pixels
Distortion < £5% center
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Table 2. Specification of The Projection Optics

Design Specification Remarks
Effective Focal Length 22.5mm
Magnification 4.2x
Wavelength 486~656nm visible
f/# 2.2
Resolution(MTF) 16 Ip/mm 1 pixel
Number 1,280%x720 921,600 pixels
DMD Pixel Size 7.6x7.6um
Area Size 9.73x5.47Tmm Dia.11.16mm
19 90lM BTo] B 3L Wl 9155 H DMD
Aed, MLERGB), ZEE, AZ6T 7)ol 2.2
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Table 3. Lens Data of The Projection Lens

Surface Radius Thickness Glass Semi Dia.
1 infinite 0 7.32
2 infinite 3.00 517-642 7.5
3 infinite 0.75 7.5
4 infinite 16.93 517-642 7.5
5 infinite 4.65 7.5
6 -10.68 5.24 569-560 6.8
7 -18.42 1.50 7.5
8 56.26 1.50 847-238 7.5
9 9.44 6.00 723-380 7.5
10 -98.93 1.50 7.5
11 16.85 4.50 773-496 7.5
12 43.17 2.25 7.5

Stop infinite 225 5.6
14 -51.78 4.50 728-285 6.8
15 -21.10 1.50 7.5
16 23.44 5.25 773-496 7.5
17 27.36 3.75 6.0
18 -9.22 3.00 847-238 6.0
19 -15.54 97.40 7.5

Image infinite - 29.1

19 10914 MTF(Modulation Transfer Function):
16 Ipmm 7]502 FHGA] oF 60%, |zl of
40%°1th. o]& HA AdHA] Gl 184F e
B 5 e etk fFe -1.2%, HvlE-S §la F

He
Qo A AEEE cos'o WA o3 91.2% It

2.4.4 BYZEY| 47
w=o)5= HUDS JPAW/IE ded WA}

AAT e 27 7o o

& 1o

3 s
H(afocal) 271 WFHILF MAsteof g} E A
o] GAAF7]= HlFd 1 Zal
AZA(E48R) O A BEAFFS & 49 . A=
Hole = F 59 2t

i

Table 4. Specification of The Combiner(Biocular)

Fig. 9. Layout of The Projection Lens

Design Specification Remarks
Effective Focal Length 220mm
Combiner Size 110x70mm 5 inches
Wavelength 486~656nm visible
Total Field of View + 6.1 Deg.
e | aon
Resolution(MTF) Min. 8 lp/mm | 2 pixels

Table 5. Lens Data of The Combiner(Biocular)

of the OTF

0.0 L L L L L L L L L
6.4

spatial Frequency in cycles per mm

Fig. 10. MTF of The Projection Lens

Surface Radius Thickness Material Semi Dia.
H 1 infinite infinite 100.0
: Stop infinite 1000 100.0
: 3 -440.00 5 Mirror/E48R 90.0
i 4 -441.47 -220 90.0
ERat J
| 1 Image infinite - 29.1

* Surface 3 : Aspheric, conic coefficient, -0.274
Surface 4 : Aspheric, conic coefficient, -0.275
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Fig. 11. Figure of The Combiner(Biocular)
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