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Measurement Method of Virtual Field of View in Augmented Reality
Optical Systems
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University, Guangzhou 510632, Guangdong, China

Abstract The virtual field of view (VFOV) is an important design parameter of augmented reality (AR) optical systems.
The measurement method and the standard used to assess virtual image edges are not clearly established. A measurement
method for determining the VFOV of an AR optical system is investigated in this study. First, the method is designed to
calculate the VFOV of the AR optical system based on image acquisition by the camera system, and the maximum virtual
image displayed by the AR lens sample at different virtual image view distances (VIDs) is acquired. Then, the effects of
different pixel luminance statistical parameters as luminance thresholds in the determination of the virtual image edge and
different VIDs on the VFOV measurement results are analyzed. The results show that there is a difference of 11° (V) X
7° (H) in the VFOV measurements obtained for the six types of statistical parameters. Further, the maximum fluctuation
range in VFOV for different VIDs at the same luminance threshold is found to be +2.630° (V)X +1. 685" (H) and the
minimum is £0. 228" (V)X 0. 360° (H). It is concluded that the luminance threshold of edge pixels is highly correlated
with the VFOV results. The influence of the VID on the VFOV measurement is found to be significantly less than that of
the luminance threshold. A threshold value of 64% of the arithmetic mean of the pixel luminance is used in this study as
the VFOV results obtained with this value are the most stable, with a relative fluctuation of only 0. 91%. The proposed
measurement method and the process can be considered to be highly significant for AR optical systems.
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Fig. 1 Schematic of virtual field of view calculation in

AR optical system
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Fig. 2 Flow chart of virtual field of view

measurement algorithm
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Fig. 3 Experimental set-up for the VFOV measurement system
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Table 1 Parameters of the devices used in the

VFOV measurement system

Parameter Value
Image source DLP5530PGUQIEVM
Size of CMOS /(") 1/2
Resolution of CMOS 2048X1536
Exposure time /ms 50
Focal length of lens /mm 6
FOV of lens /[ (*)X(*) ] 41.6 X 53.8
{-number 1.4
Distortion of lens / % <0.1
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Fig. 5 Photographed images of the maximum displayed virtual images by the AR lens sample. (a) VID measurement is 1070 mm;

(b) VID measurement is 1360 mm; (¢) VID measurement is 1530 mm
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Table 2 Brightness thresholds tested and their range of values

Brightness thresholds Yy,
Y=Y, Xk
= Yo X 0.1%
Yiu= Yo X £

Range of values
k=50—1i,i=0,1,--,30
k=50—14,i=0,1,-,30
k=120—2i,i=0,1, -+, 30

Yo=Y, Xk k=120 — 2i,i=0, 1, -, 30
Y= Yy X £ k=120 — 2i,i=0, 1, -, 30
Yo=Y Xk k=100 — 2i,i=0, 1, -, 30
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Table 3 Average results of VFOV measurement with each

parameter at different magnifications as thresholds

Parameter as Vertical VFOV Horizontal VFOV

threshold result /(°) result /(%)
Y. 24.02341. 298 43.484-+1.856
Y. 27.072-4. 070 45.36541. 353
Y. 98.063-+4. 102 46.00540. 889
Y 22.38041. 164 40.677+2.102
Y., 33,0583, 679 47.504-1. 098
Yo 22.13341.695 40.475+2.639
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Table 4 Float range of the virtual image field of view measurements in different values of the virtual image distance measurements

Float range of the measurement result of VFOV Vertical VFOV result /(°) Horizontal VFOV result /()

maximum 28.05342.630 47.615+1.685
average 25.79340.473 43.574+0.549
minimum 23.61340. 228 42.936+0. 360
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Fig. 7

Effective field of view extracted when using 64% of average pixel luminance value as the luminance threshold. (a) VID

measurement is 1070 mm; (b) VID measurement is 1360 mm; (¢) VID measurement is 1530 mm
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