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Abstract A head-mounted vein imaging optical system composed by the infrared imaging system and see-through
head-mounted eyepiece displayer is designed to greatly improve the success rate of intravenous medication. The near
infrared imaging system has large numerical aperture of F/1.59, which is beneficial to the collection of the weak
infrared scattered light. We choose quadric surface design of rotational symmetry, the weight of the imaging system
is 22.2% lighter than the corresponding spherical system. The structure of the see-through head-mounted eyepiece
displayer is simple and compact, because of its quadric surface design of rotational symmetry, which is 44.4%
lighter than the corresponding spherical system. The design results show that the imaging quality of the near-
infrared imaging system is excellent, and its resolution can reach extended graphics array (XGA) (1024 pixel X
768 pixel). The see-through head-mounted eyepiece display gets a 10 mm exit pupil, a 50 mm eye relief, a
maximum field curvature of 0.068D (D is diopter), a maximum relative distortion of 0.372% and display model
resolution of XGA (1024 pixel X768 pixel). The total weight of binocular system is about 44 g. Comparing with the
current vein display system, it has the characteristics of simple and compact structure, large numerical aperture,
high resolution and light weight, etc.
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Fig. 1 Working principle schematic diagram of the vein display system
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Table 1 Design objectives of the near infrared imaging system

Parameter Objective Parameter Objective
Wavelength 760 nm Object plane 64 mm X 48 mm
Relative distortion <3% Object distance 320 mm
Resolution XGA (1024 pixel X768 pixeD) Magnification 0.0744
Target surface size of CCD 4.76 mm X 3.57 mm
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Fig. 2 Schematic diagram of the near infrared imaging system
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Table 2 Design objectives of the see-through head-mounted eyepiece display

Parameter Objective Parameter Objective
Wavelength 660 nm Distance of exit pupil 50 mm

Relative distortion <3% Exit pupil diameter 10 mm
Resolution XGA (1024 pixel X768 pixeD) Field 14°
Image plane 9.38 mmX7.37 mm
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Fig. 3 Schematic diagram of the see-through head-mounted eyepiece display
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Table 3 Structure specifications of the near infrared imaging system
Surface Objective 1 2 3 4 5 6 7 8 CCD
Radius /mm Infinity 14.897 52.258 —24.593 —33.684 18.030 —43.069 —8.985 —55.060 Infinity
Thickness /mm 320 4 1.65 3 6.5 5 5.5 1.2 4.526 320
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Glass LAKN SE8 LAKNI12 SF54
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Fig. 4 Characteristic curves of the near infrared imaging system. (a) Lateral aberration;

(b) field curvature and relative distortion; (¢) MTF
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Table 4 Specifications of the see-through head-mounted eyepiece display

Surface Exit pupil Beam splitter 1 2 3 4 5 LCD
Radius /mm Infinity 20.795 —89.406 18.927  —236.768  11.323 Infinity
Thickness /mm 25 25 6.2 0.22 5.7 2 29.629
Conic —0.73
Glass SK5 PK2 SF1

FHRH BB R RGBT B 5 AT H LCD W LR, B 5~ (o a0l h
RS R T 1% 22 R M4 L3 i S5 AR A W AR 2k LA K MTF ik, M 5Ca) il LLR B .0.7 W LA K
%m%ﬂ@ﬁ%kﬁiﬁ%%ﬁ%w 2.4,19.1,40.3 pm, M 5(b) AJ AL R KIGIE N 0.17 mm, X T LB R G

~OBJ:0 0° OBJ:0 4.9°
EY iEX
OBJ 0 7°
N

maximum scale: £50 um
® T S +Y +Y

|

T

I
T

-0.2 0 02 -05 0 0.5
Field curvature /mm Distortion /%

TS DIFF. LIMIT
SO 0° TS0 7°

© 19 |||| TS0 4.9°
09-
0.8
0.7
0.6
0.5 :
0.4+ T e
0.3} T
0.2
0.1r

Modulus of OTF

O 1 1 1 1 1 1 1 1 !
0 10.7 214 32.1 428 535 64.2 749 85.6 96.3 107.0
Spatial frequency /(cycle-mm™")

B 5 ZpiE M EHGEA R B R RENFEEML., (OmMEBRE; WGl 5B ; (o) MTF
Fig. 5 Characteristic curves of the see-through head-mounted eyepiece display.

(a) Lateral aberration; (b) field curvature and relative distortion; (¢) MTF
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