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Design of Double Telecentric Lens Using Machine Vision System
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Abstract: This study presents a design idea for a double telecentric lens for machine vision systems to meet
the industry requirements for the on-line inspection of machine vision. First, according to the design index of
the system, a suitable initial structure is determined, and based on the imaging principle and aberration analysis
method of the double telecentric lens, the aberration of the lens is then optimized repeatedly using the optical
design software Zemax. Finally, a double telecentric lens with high resolution, low distortion, and small
telecentricity is obtained. The lens system consists of 10 refraction lenses with an operating wavelength range
400 - 700 nm, a working object distance of 100 mm, distortion of less than 0.07%, maximum telecentricity of
0.06°, and modulation transfer function value greater than 0.5 at a Nyquist frequency of 77 Ip/mm. The

aberration correction is good and meets the design requirements of the system.
Key words: optical design; double telecentric lens; telecentricity; distortion; aberration correction
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Fig.1 Optical scheme of telecentric optical path system
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Table 1 Main technical indexes of telecentric lens optical system

o' N CMOS L& B ME R R

B2k R G A OG5 R RS AR T R O
Bk RAMYIURLER o
22 MMARITERERERS T

ROV LETE f5, BRI BRI 1 &R
4, WELLFERIBERIEDLRE, R4 F X
He it — S thtb, BT RE A R,

OMRPER 1 5 B BTHEAR, 75 LT E VM6 451
RGHEYITBUEILE . YT s RN AR K
LR, Kermiih R RN B
PR A AR &, R Zemax SR AL B
EREEL APER FIT TTHI # {H FL4% K /N4 0.06 mm
A7 TAEREES Ay 100 mm, B FHER1E R PMAG 2
Bk RGUBUKATZ s IMNAEX B. G ZE BRSO R4t
1§ AT AR,

@OXF TR OE I RS, BT BB E

Parameters Value
Magnification —-0.397
Object space numerical aperture/mm 0.06

F number 33
Working wavelength/nm 400-700
Object space working distance/mm 100
Distortion/% <0.2
Telecentricity/® <0.1
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Fig. 2 Structure and optical path diagram of the optimized telecentric lens system
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Table 2  Optical parameters of optimized telecentric lens system
Surface Radius/mm  Spacing/mm  Refractive index =~ Abbe number Glass
Object plane Infinity 100.00 - - -
1 53.63 20.00 1.54678 62.74 H-BAK3
2 -98.97 0.13 - - -
3 40.22 20.00 1.71736 29.51 H-ZF3
4 41.54 3.13 - - -
5 —48.94 3.50 1.60342 38.01 Fl1
6 29.07 25.26 - - -
Stop Infinity 35.15 - - -
8 67.80 2.00 1.76842 49.29 D-LAF050
9 15.31 10.01 1.56907 71.31 H-ZPK7
10 -13.58 12.00 1.57503 41.30 QF3
11 —49.60 8.01 - - -
12 —26.93 10.00 1.67000 51.76 H-LAK67
13 —23.75 8.00 - - -
14 119.54 13.00 1.59280 68.35 H-ZPK5
15 —88.40 5.16 - - -
16 -32.10 12.00 1.50802 61.06 K4A
17 42.49 12.00 1.67103 47.28 H-ZBAF5
18 —-87.16 42.38 - - -
Image plane Infinity - - - -
R 9 U 53 R 60 4
PR %L (modulation transfer function, MTF) HiZk. 5% & S0
PRI A 2P A 3, P 4 FOE 5 R : e 4
MEH A UG H R B RZEWRIE 1000/(2X6.45)
~77 Ip/mm AERKTF 0.50; 3 H MTF HH&FH, IMA: 0.000 mm OBJ: 14.00 mm [MA: -3.573 mm

BIRERL: R, REmER (W& 8 0mm.
Omm A1 14 mm XM A% KGR (root mean
square, RMS) 424 2.674 um. 3.032 um F1 5.243
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Fig.3 Modulation transfer function curves of the optimized

telecentric lens system
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Fig.4 Spot diagram of the optimized telecentric lens system
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Table 3 Telecentric lens optical system telecentricity

Object Height OH 0.3H

0.5H 0.7H 1H

Telecentricity/° 0.0149

0.0413

0.0558 0.0477 0.0459
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