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Design and Instance of Sport Digital Video Fisheye Lens
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Abstract In order to meet the requirement of the ultra-wide angle and large view landscape, a compact structure
fisheye lens system for the sport digital video is designed with the optical system design software CODE V and
Zemax. The lens comprises 5 pieces of glass lenses and 3 pieces of plastic aspheric lens. The design result shows
that the F-number is 2. 2, field angle is 240°, the total length of the system is 23 mm, the half image height is
2.35 mm, and all of the field of view at half of Nyquist frequency (178 Lp/mm) are more than 0.15. The lens
achieve high-resolution panoramic monitor. The projection detection result shows that the performance of the
fisheye lens can meet the requirements.
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Table 1 Main specifications of CMOS

Project name Specification
Resolution 5408 pixel X 3044 pixel
Image area 6092.8 mm X 3445.12 mm
Pixel size 1.12 pm X 1.12 pm

# 2 MIRGL M EEH AR

Table 2 Main specifications of the fisheye lens

Project name Specification
Wave band visible light <25 mm (total length)
F number 2.2
Field of view 240°
Back focal length >1.50 mm
Relative illumination (0.7 field of view) >50%
Distortion <20%
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Fig. 1 Basic structure of inverted telephoto lens
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Fig. 5 (a) Astigmatism, field curvature and Fig. 6 TV distortion of the fisheye lens

(b) distortion of the fisheye lens

ARV IRk B AR 22 M I 7 BoR 5 A AR 25 B AL IEAE 0.025 mm LA, A LA 3k 1Y)
BEBBBAF R, ARl i) S 5 B a8 frn . ol LA 2 o Mg 1 3 7 i (RMS) B2 K
0.000655 mm,/NTREITHIK/N;0.3 M. 0.7 MG A 1.0 W5 A RMS B A2 45 R 0.001894,0.003242,
0.003451 mm, 0] WL, Ir 45 LA B AE R R T KNS 3 A5 LA, iR Ok B A B 1l 2 2 FIR B Sk X /% 180 B B 428 1Y
TR, H TN AS 2R G R o A 4R AT AT

tangential 1.00 relative sagittal ﬁ‘?l,d
0.025 field height 0.025 position]
_ (120.0)° 0,10 | " |RMS: 0.003451
0, 120.0 DG 100%: 0.007364
-0.025"  0.70 relative -0.025
field height
0025,  (84.0)° - | . | RMS: 0.003242
— - 0, 84.0 DG 100%: 0.008634
=0.025" 50 relative -0.025
field height X
0.025 g 0.05 RMS: 0.001964
(60.0) 0.025 0.60.0 DG ' 100%: 0.004799
== _ )
-0.025 0.30 relative -0.025
field height 0,03 | v |RMS: 0.001894
0.025 (36.00)° 0.025 0, 36.0 DG 100%: 0.003508
_ -0.025
0025° relative 0,0 . RMS: 0.000655
0.025 ﬁel(} (gl)((e’ight 0.025 0,0 DG 100%: 0.002348
defocusing 6 =
—HHER -0.025 new lens from CVMACRO: cvnewlens.seq
B 7 ARk B SR 25 4R B8 Rk 1y 55 &
Fig. 7 Ray aberration curves of the fisheye lens Fig. 8 Spot diagram of the fisheye lens

5 wZE

H T AR Z A IR BT S BT A T AR B AT AT B BT AT A 22 T S 25 A AT B A S
B B ZE AT P9 T T A RGBT 28 0 AF Uy I HEAT PR AL FL ko B T Oy T AT A 28R 7R
CODE 'V 5 1) 23 25 FURME G 5 25 v 4 A BRINA 25, SR J5 AR 52 B i TR g 4 FLaE 4738 s k. 3R 3 Wix
W RGN ALS RS F,.Fh DLR BRI, DLT FEE &, TRX K X SIKH R 2% &,
TRY B Y SRR /R 2 &, BTX BTY MBI MR, S1~S5 At R R m . S2..3 R
2 WA 3 AR — AN B AR, 4N, DSY S2..3 FoRE 2 TS 3 AR a7 A R R 1) O 2

082201-5



53, 082201(2016)

ANSHBIZFHRE

www.opticsjournal.net

TEON 2250 i A I 5080 MITE 9 450 3R B L B A2 75 1) 5 P 24 i 0 2 22 R B8

758, %

e RGN 22 Hr i & 9 ez S AR A 22 B 805 . 48 80 Ip/mm T,0.7 M%UWE’J MTF %({H
T e 0.5 LA b B AMIGWAE 0.4 DL B AP BT 20K,

Table 3 Tolerance parameters setting of the fisheye lens

#*3 MREWAXESHOER

Num Type Value Num Type Value
1 DLR S1 0.001 V 9 TRX S2 0.0015 V
2 DLR S2 0.001 V 10 BTY S2..3 0.0015 V
3 DLR S4 0.001 V 11 BTX S2..3 0.001 V
4 DLR S5 0.001 V 12 DSY S2..3 0.001 V
5 DLR S6 0.001 V 13 DSX S2..3 0.002 V
6 DLT S1 0.001 V 14 TRY $4 0.002 V
7 DLT S2 0.005 V 15 TRX S4 0.0015 V
8 DLT S3 0.005 V 16 BTY $4..5 0.001 V
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Fig. 9 Tolerance analysis curves
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Table 4 Partial projection data

Position Meridional direction /( Ip/mm) Sagittal direction /( lp/mm)

A 250 250

B 250 250

C 200 200

Centre E 200 250
F 200 200

G 250 200

H 200 200

A 250 200

B 200 200

C 250 250

0.3 field of view E 200 200
F 200 200

G 200 250

H 200 200

A 125 125

B 125 125

C 100 125

0.7 field of view E 125 125
F 125 100

¥ 100 100

H 100 100
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