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Abstract: To match the projecting images on dome screens from different types and specs of main-
stream digital engineering projectors, a basic design method for a general projection fisheye zoom lens
was presented. First, based on the characteristics and universality of the projection fisheye lens, the
optical structure used in the final system was defined. By configuring the initial parameters of moving
unit bestly, the moving path of compensating group was linearized to construct synchronously two
cam curves to be standard helical lines. Then, image surface position was kept steady during a zoo-
ming process by controlling the spherical aberration of front fixed group and the focal length of back
fixed group. The final design indicates that the optical system can always keep a full field angle of
view of 160° and a F# of 2. 0 as it uses two moving components that contain a positive zooming group

and a negative compensating group. By controlling parameters reasonably, the system can match
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prisms of different effective optical thicknesses from 16. 5 mm to 26 mm in several kinds of digital pro-

jector engines, and also can match digital engineering projectors by using 1LCD, 3LCD and 1DMD

technologies with the chip sizes from 16 —24 c¢cm (0. 63—0. 95 in) and the length-width ratio of chip in

16 : 9 and 4 ¢ 3 when the image shift is within 0. 03 mm. The design can fulfill the requirements of

common and general projections with its simpler structure and good technology.

Key words: optical design; zoom fish-eye lens; dome-screen projection; image surface shift; linear

compensation; cam curve

1 7]

Uu\«

Wit 5 5 DL A SR R B LR
PRUR S R FTECT B2 AL B 00 BR S £ B H
R B 32 B bR 2z N T B R SO
SN NN N NN S =R N i R
s BRI T SRS 2L P17 AL
Jr AP AL 7 2l T R A E M A
SR E BN B B B B  JE AR X )
TR BRAE BRI P SR TR A B 1
B 2 B AT R A i R Bk il T
FAT T 3 ERCF B AR o AR B 2 ity
Y I A IR BT Sk A MRS AR 2 AR T £
MR A5 Sk O ML AR 7= ot AN R T Bk 35053 114 10
FIAET o P BB T8 T T 22 il it L 2 UG U7 5 2
PLAYG A £ f0 AR 3R B Sk 19 O R B 98 49+ 3 ia
D)o HBT. TGI8 [ PR i [ A 1887 450 U
i P R 7 e 0 IR B Sk 19 BF 58 38 OR DL 2 T 4l L T
Yy EABAR DUAT AR 7 i 4f A S8 T R g Al
F% 3 ] 7 7 A A AR Sk A 3

2 RitHARAER

JIT I 8 TR A R B B Sk 1 e R
5 A MR 8% Sk N AT KA Al KA X LA VR R
I8 L RRAE 5 38 A R 4 B Sk nT DA DS SR A AS ] R
SRR G LD AR K s ] (16 ¢ 9 B 4
234 RRFEARZEA(LCD,DLP,LCOS %) fy
BF B, M — Ok UL BB L i 22
SRR REAL GO/ 3 ke 2 1Y 45 GBI R
FH A7 35 35 7 A 55 300 g | 38 e % A 1) o R0 B
HRKERAZ R 2K E S8
RIAR 2, BT LA B Sk Tl M 1 e B LA AR B A
A 7o LA IE I AS [ ) 15 8 25K, Lk, B Sk fE AN TR
5 R AR X AN [ B 7 P AT B 0 AL B L Rk A
B N A R T HE I S5 R0 38 T AR B 2 T ek Y
HRR 2%

A48 BRI % b 3R TR HL3LCD
5 1DMD) (5| 8455 Bl R LA ELES H L 5130 3t A
2 RT R e 4 s B A OB AR K L R i K
BESR ) RAF X R R AR 1 s .

F1 TRIBBINERARTRILGIANENERENEERERFELFNGES

Tab.1 Panel sizes and ratios of mainstream projectors and corresponding prism thicknesses and fish-eye lens image heights
Panel diagonal/cm(lin=2. 54 cm)
Item/mm
2.41 2.2 2.0 1.9 1.78 1.7 1. 65 1.6
Prism thickness 26 24 22.5 21 19 18 17 16.5
Image height (16 : 9) 5.91 5.29 4.98 4,67 — —_— — —_—
Image height (4 : 3) — 6. 48 6.10 5.72 5.33 5. 10 4.95 4.8
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Tab. 2 Optical design parameters

FOV(2w) Relative apertur Zoom ratio

Image height

MTF Back focal length

160° D/f'=1/2 1.33

4. 8~6.48 mm

0.30FOV=0.4 30 lp/mm
0. 85FOV=0. 3 30 lp/mm

L' >40 mm
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Fig.1 Dispatch and command digital planet system

of geography teaching, navigation, and flight
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Tab. 3 Standard distortion of equisolid projection

FOV Real  Ref. Heigh(f") _
) ) o, ., Distortion/ %
(Radian) Height()y = vy, =f , , ,
. ' =3/
(w=mx/2) 2f sin(w/2) tan w
0. lw 0.156 9 0.158 4 —0.92
0. 3w 0.466 9 0.509 5 —8. 36
0. 5w 0.765 4 1 —23.46
0.707w 0.917 8 2.017 4 —50. 58
0. 85w 1.238 2 4.165 7 —70.28
lw 1.414 2 oo —100
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Fig. 3 Gauss optical system
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Fig.5 Movement of the image point of moving group
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Tab. 4 Transition data of zoom parameters after optimization

Serial

My, b Mmsy A, I,
Number
1 0. 00 1.350  2.361 1.807 0000 1. 000
2 0.02 1.387 2.372 1.824 0251 1.037
3 0.04 1.427 2.385 1.843 0530  1.078
4 0.06 1.469 2.400 1.863 0839  1.122
5 0.08 1.513 2.416 1.886 1181  1.170
6 0.10  1.561 2.434 1,911 1558  1.223
7 0.12  1.611 2.455 1.939 1973  1.280
8 0.14 1.665  2.477 1,969 2429 1. 343
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Tab.5 Data of optical system structure

Serial Radius Thickness .
number /mm /mm Glass
OB]J ©o oo Air
1 731.1 3 H-ZK11
2 23.77 18.78 Air
3 —59.98 1. 81 H-LaK50
4 —420.7 54. 66 Air
5 —1 052 2.42 H-ZK1
6 61.52 10. 98 Air
7 —70.31 3.5 H-ZF52
8 —48.08 B Air
9 74.5 4.5 H-QK3
10 —144. 69 C Air
11 —72.95 4.0 H-ZF11
12 —23.77 1.8 H-LAK53
13 —143. 22 D Air
STO oo 0. 49 Air
15 92. 26 1.77 H-ZF52
16 23.77 4.0 H-BAK4
17 —151.577 0.59 Air
18 32.73 4.0 H-ZK9
19 —96. 609 F Air
20 o E H-K9
21 oo 2.90 Air
IMA oo Air

%6y B.C.D BUNRTAR ) dor \dos dai B,
C.D 72 A 52 B AR B iy 4Rk 50 & L il I g 2 A
2L 1] 5 72 P B8 i £ 0 5 22 68 7 ) e 4 ] B 22



332 b=

e TR

%21 %

R6 BEAHEIERPTX R ER R

Tab. 6 Space value of every focal length section (mm)

7 B C D F E

6.301  58.07  37.41 4.22 20.55  26.00
6.261  58.47  36.59 4.46  20.875  25.50
6.184  59.24  35.02 5. 44 21.20  25.00
6.112  59.75  33.41 6.54  21.525 24.50

6.041 60.25  31.80 7.65 21.85  24.00

ol
©
w
=

61.38  29.57 8.75  22.175 23.50

(o2}
[ee)
w
(=)

62.50  27.35 9.85 22.50  23.00

5.755  63.10  25.62 10.98  22.825 22.50

5.683  63.68  23.91 12.11 23.15  22.00
5.576  64.99  21.62 13.09  23.475 21.50

5.472  66.28 19. 34 14.08  23.80  21.00

ol
w
Ne)
—_

67.06 17. 40 15.24  24.125 20.50

.312 67.81 15. 48 16. 41 24.45 20. 00

ol

5.213  69.16 13.26  17.28 24.775 19.50

5.116  70.50 11. 04 18.16  25.10 19. 00

5.028  71.53 8. 88 19.29  25.425 18.50
4.942  72.54 6.73 20.43  25.75 18. 00
4.850  73.90 4.55 21.25 26.075 17.50
4.761  75.24 2.39 22.07  26.40  17.00
4.728  75.66 1.53 22.51  26.725 16.50

B 22 o B Sl B F B L3l 0l IR
B LAE R @ BB 0 il 2R L) bR v 1Y R e 26 A
BEMNMREMNAR ERXE L. RRERS T
I AR 7 R AR I B T AR R R R
A A B e 2 e — A i S AR T R D 100
mm, il TAE A2 50 mm, kM 2H 1) 7 %6 i 28
ek — R SR A 104 mm, il TA/E E 42K 41
mm, %K 6 T E XA R (R ) N8 4
AR Y S R BB AR BE L F R N R IIEAR
A A G A2 S AR IR B 5 S 54 3 i R
L F 8k fl E B A8 Ak X W C RN AF =
(A/n—DAE, &N EEEREEREAEHEKS
JIT 7R B 45 K B T i 5 19.,20.,21 =[] B JE B
ZHLEI“F+E+2. 90K 8L, M F+E #£ R # 4
Jor (23 B Hh 1 55 00 B Dy e L DA [) £
PR B G o B i i AR R RS 15 21 AR EAE
“Tp =2.90mm” B E 3R 7 4l T 405

Fiz B R IO J5T o 10 DU 0 8 7 22 AL ) 26 6 0 11 4%
0B R AE A Ta] £5 B BETH A5 B i 45 T R8 L
J5 H AR e KA 22 4 +0. 037~ —0. 019 mm, NI %}
FRAV % &4 0. 028 mm.,

x7T BNEERGECBE

Tab. 7 Displacement of image plane of each focal length

(mm)
T T T
f Centroid Wavefront Average A'TZI_
rules rules value Deviation
6.301 2.948 2.925 2.937 0.037
6.261 2.938 2.917 2.928 0.028
6.184 2.922 2.902 2.912 0.012
6.112 2.931 2.913 2.922 0.022
6.041 2.941 2.924 2.933 0.033
5. 934 2.921 2.907 2.914 0.014
5. 830 2.905 2.893 2.899 0.001
5.755 2.914 2.904 2.909 0. 009
5. 683 2.925 2.917 2.921 0.021
5.576 2.904 2. 897 2.901 0.001
5.472 2. 887 2.883 2.885 —0.015
5.391 2. 896 2.893 2.895 —0.005
5.312 2.906 2.905 2.906 0. 006
5.213 2.891 2.892 2.892 —0.008
5.116 2.879 2.882 2.881 —0.019
5.028 885 890 2. 888 —0.012
4.942 2.893 2.900 2. 897 —0.003
4. 850 2. 886 2.894 2. 890 —0.010
4,761 2.881 2.892 2. 887 —0.013
4.728 2. 885 2. 897 2.891 —0.009
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Fig. 10  Spot diagrams and MTF curves at three typical focal length positions
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