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360° Floating Display System Based on Human Eye Tracking and
Its Distortion Correction Method
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Abstract The traditional flat-panel display technology cannot satisfy the display effect of 360° viewing angle and
high resolution. A 360° floating display system based on human eye tracking is proposed. The multi-camera eye
tracking algorithm is used to obtain the observer viewpoint position in real time, and the corresponding view angle
picture is generated by OpenGL. In order to realize 360° display, a catadioptric cylindrical projection optical system
is designed. In order to make full use of the limited resolution of the projector, a half-circle display scheme is
proposed. In order to display the correct image, a predistortion correction method based on Bezier surface and a
polar coordinate system conversion method are proposed, and the 360° horizontal viewing angle and vertical viewing
angle with a certain range of the system are finally realized. The experimental results show that the proposed system
can achieve static or dynamic floating display effects with high resolution and low cost.

Key words optical design; floating display; human eye tracking; projection optical system; distortion correction

12 . KRR 2 I T Z I Z A M =4 (3D) .
o AREEARN R AR A B AR R
TE 4 WoR BRI S K LG R S PRREE RS OT R, B AR T E Y

71 e 22 T Tl A2 P %o T S TR T R L S R
R — A EESE A Z WA R WRAZXTZ
A R BBFSE, A 22 8 [ i Sr R R EOR,
SR WIS 1) TR B M 4 O 22 A B A Pl SZ

IrPEREUEAR . T ZHREILZ MR 3D BRI
AR AR TR L B0 [ A I 2, U LT 4
TE AL A RE S B IR A IR . — b T B Y
5 1 R AR iz gl 2 L B I 3 UL 56 R Ao

B 2021-10-18; 1€E B H . 2021-10-31; RAHBH: 2021-11-22

HEeWMB . EHEELAMEITR2017YFB1002900)
BIEEE.

*lihaifeng@zju. edu. cn

0922002-1



MR

FE42E FIH/2022F5 B/REFFR

AW R B, B S 2E e

HAER Ttk s i T fE
VEIR K BB I 5] ) 8 3% 4 2 0] 45 2 2R 5 il — A i 22
9 3D JEAR™ . HATSLHEL 360° WAL 1y 7 BT R

SR g R2%Y . Sony 4 F) Nakamura %5 $45 4t
T 360" EM 2 BIR ARG, KRG KL
R E LB A P S MR 2T A bR e i
o WA T IOV A IR B O R S H R
KAV 360 AT, AN SCRFIE T M 22 . X R GR
THEM R B R IH AL, REORRTE LR E A
MA—F IR RN R, TR R 8
R AT AR B G AR R R A

P52 B AR 18 1 PR R B AT LA TR AR AL OE
Raskar 45 58 i 0 T8 e 565 R 0 i 1 25 465 11 0 7 o
AME T 15 B A R B . Sajadi 45 3 1 2
ABAILER B A1 B ) b R a2 R AR T
S AL IS8, SE T LA G AR AL OE

A SCER R bR R R T — A T ONIR BR R Y

36072 VE BN R GE . CRFKSE D7 ) 360° 40 25 Ml —
LRINME M2, TE TS DR TRTE
AHPLAEY 360° A MR BRER B 5 2) S 35 R 7R X8k, %
TH T — 7 B g =R T B 5 Ot 2% R gt . L A T B
HAAN 206 mm, xS 160 mm, s 4 BER
iEF| 1280 pixel X 720 pixel, WH I 2 K 0. 25 ~
1.50 m;3) 4 PR UE IE 7R B, SC 8 T B Y 7
Ay A8 5 IE R AL b R B 4

2 AR

2.1 EFARRIENIOBEZFETRSEHNERE
T IR BR B 19 360° B 77 B R R G0 T AR
PN 1 iR, % ARG DLP R B AR BRI
SBT3 W R T ELST BE L USB #5845 Sk A E L HIL
WY, KRGS T s 21, Y W 5% 3 [l 58 %
BEIHATILE B, 3R G0 2 M R T A8 1 067 B AR X
A0 AR B TR T B Y R AR R RS i

aspherical mirror

] cylinder screen
_—with diffuser

-

N viewpoint 2
//DLP projector -

B 1 T IR EREE A 360° 8 IF B R & 40 5L JR 3

Fig. 1 Basic principle of 360° floating display system based on human eye tracking
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(b) detection effect of stitching place
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Table 1 Parameters of aspheric mirror
Parameter Surface No. r k a, a, ag ag
Value 21 —57.201 —0.052 0 7.362X10 7 —7.799Xx10 " 3.414Xx10 "
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Table 2 Relative distortion of different fields of view

Normalized field of view Target position /mm Real position /mm Relative distortion /%
1. 000 —35.000 —40. 411 15. 46
0. 875 —62.500 —69.139 —10. 62
0. 750 —90. 000 —92.593 2.88
0.625 —117. 500 —117.015 —0.41
0. 500 —145. 000 —147.678 1. 84
0. 375 —172.000 —193.761 12.65
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Fig. 7 MTF curves of catadioptric cylindrical
projection optical system
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Table 3 Parameters of display system

Parameter Value
Frame rate of DLP projector /(frame * s~ ') 60
Resolution of DMD /(pixel X pixel) 1280X 720
Diagonal length of DMD /mm 7.93
Diameter of cylinder screen /mm 206
Display height /mm 160
Frame rate of display system /(frame ¢ s ') 40
Viewing distance /m 0.25—1.50
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Fig. 11 Error of actual reference fiducial point and fitting reference fiducial point in cylindrical screen space.
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Fig. 12 Cylindrical screen distortion correction results. (a) Target correction result; (b) before correction;

(c¢) actual correction result
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