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Distortion Measurement and Correction of Projector Based on
Phase Target

SUN Yaqin, WANG Fan, YU Jin, ZHANG Ang, ZHANG Can, ZHANG Yuzhuo,
GAO Nan, MENG Zhaozong, ZHANG Zonghua
(School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130 China)

Abstract: The traditional calibration method for calculating projector distortion is complex in system
structure and theoretical derivation. Aiming at this problem, a method of measuring and correcting the
distortion of the projector based on a phase target was proposed in this paper. In this method a liquid crystal
display was attached with holographic projection film as a phase target. The liquid crystal display
sequentially displayed the horizontal and vertical sinusoidal fringe images to obtain the unwrapping phases.
The projector projected the horizontal and vertical sinusoidal fringes images to the phase target, then their
unwrapping phases were calculated respectively. Using the corresponding relationship between the two sets
of phase on each camera pixel, the projection phase of the projector was converted to the liquid crystal
display phase coordinate system, then the distortion of the projector can be measured. The distortion was
corrected according to the acquired phase space relationship, so that the isophase lines projected by the
projector were linearly distributed on the phase target. Experimental results prove that the method proposed
in this paper can measure and correct the distortion of the projector without the influence of camera imaging
quality. It can improve the projection quality for the fringe projection three-dimensional profile
measurement technology.
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l Generate ideal images in horizontal and vertical directions ‘
I

v v
‘ The camera captures images displayed on the LCD | | The camera captures images projected by the projector ‘
‘ Calculate the absolute phase of the two directions | | Calculate the absolute phase of the two directions ‘
|
v

| Calculate the ideal phase of the fringe displayed on the LCD l

’ Calculate the phase difference pixel by pixel |

W1 Ay E G L% 8E R
Fig.1 Logical block diagram of measuring distortion of full-field image
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‘ Calculate the absolute phase of the ideal image initially projected |

]

‘ Map the closed border in the ideal phase to the phase of the LCD display fringe |

]

‘ Calculate the ideal phase border of the LCD display fringe using the phase border of the LCD display fringe |

(]

| Point A in the actual LCD display fringe phase finds the projection point in the ideal LCD display fringe phase |

¥
| The intersection point B is the ideal phase of the OCD display at point 4 |

]

| Full-field idex of the actual LCD display phase matrix to obtain its mapped ideal LCD display phase matrix ‘

M3 BALCDETHMMWEFHEAREIRE
Fig.3 Flow chart for establishing mathematical model of ideal LCD display phase

| Calculate the ideal phase of the initial projection |

¥

| Map to the actual phase of the LCD reflection fringe |

v

| Map to the actual phase of the LCD display fringe ‘

]

| Calculate the ideal phase of LCD display fringe ‘

v

| Calculate the phase difference between the actual and ideal LCD display fringe
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Fig.4 Distortion calibration process
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’ Calculate the projector compensation phase |

¥

’ Match projector pixels |

¥

’ Match stripe brightness |

‘ Generate pre-compensated fringes for reprojection process ‘
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Fig.5 Distortion correction flow
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’ Obtain the phase from point 4 to point B ‘

'

’ Obtain the same phase point C of point B ‘

!

I Obtain the same pixel point C of point C ‘

!

| Obtain the same phase point 4" of point C’ |

'

| Calculate the pre-compensated phases of all phase points ‘
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Fig.7 Calculating compensation phase flow
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The computer generates the initial projection image and
calculates the image pixel matrix and brightness matrix

'

The midpoint B of the reprojected pixel matrix finds the
same pixel point 4 in the initial projection pixel matrix

{

Find the brightness of point 4 in the initial projection
brightness and assign the brightness of point B

{

Full field index to find the brightness of all pixels
in the reprojection

B9 =JEIEERE
Fig.9 Brightness matching flow
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(a) LCD display fringe horizontal phase expansion diagram

(b) LCD display fringe vertical phase expansion diagram
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(¢) LCD reflection fringe horizontal phase expansion diagram (d) LCD reflection fringe vertical phase expansion diagram

H1l1 MERAHAE
Fig.11 Absolute phase diagram
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Fig.12 Schematic of the distortion calibration result of the projector
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(a) The left picture is the generated pre-compensated (b) The right picture is the generated pre-compensated
vertical fringe image horizontal fringe image
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Fig.14 Pre-compensated fringe image
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LCD self-display phase
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Table 1 Fitting parameters of the horizontal fringe expansion phase plane

The sum of squares due to error Root mean squared error Coefficient of determination
Before compensation 3.327X10° 4.241 0.997 7
After compensation 1.374X10°° 3.208 0.998 2
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Table 2 Fitting parameters of the vertical fringe expansion phase plane

The sum of squares due to error Root mean squared error Coefficient of determination
Before compensation 3.638 <10 ° 4.436 0.997 4
After compensation 9.972x10 ° 2.738 0.998 6
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(a) 3D topography of the step before compensation (b) 3D topography of the step after compensation
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Fig.16 3D topography restoration map of the step
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Table 3 Measurement accuracy of the distance between the step surface before and after calibration (unit: mm)

Before ) Error before Error after
Standard value ) After compensation . .
compensation compensation compensation
Stepl and Step2 18.422 19.149 18.491 0.727 0.069
Step2 and Step3 13.258 12.537 13.163 —0.721 —0.095
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