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Distortion-free 3D rendering and display method using

perspective transformation for curved screens

DING Jian, ZHANG Shuhe, CAO Liangcai’
(Department of Precision Instruments, Tsinghua University, Beijing 100084, China)

Abstract: To eliminate geometric distortion on self-luminous curved screens caused by physical
curvature, this paper proposes an adaptive segmented distortion-free 3D rendering and display method
for curved screens based on perspective transformation, enabling viewers to see the rendered scene
identically to directly viewing the 3D scene without the screen. The curved screen is approximated as
multiple planar segments. Using perspective transformation and the known viewpoint, the object-image
relationship is reversed, and the perspective matrix computes images on each segment. Adaptive
partitioning minimizes the 2D mean square error between the curve and fitted polyline via the Adam
algorithm. Stitching boundaries are smoothed with overlapping regions Aw and linear interpolation.
Blender 4.0 simulations show the proposed method achieves a PSNR of 13. 23 dB, which is 5. 58 dB
higher than direct rendering (7. 65 dB) , exceeding the 12 dB distortion threshold. Using m=30 planar

segments balances high PSNR and computational cost. This method significantly reduces distortion on
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curved screens and applies to large outdoor curved LLEDs and flexible consumer electronics, offering a

feasible path for glasses-free 3D on curved displays.

Key words: 3D rendering; curved screen; distortion-free display; perspective transformation; region

partition
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Fig.1 Curved screen approximated by multi-faceted

planar screen splicing. (a) Curved screen; (b)

Multi-faceted splicing screen.
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Fig. 2 Perspective projection. (a) Actual scene of perspective

projection; (b) Image perspective transformation

operation.
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Fig. 4

Example of display effect using perspective transformation with reversed object-image relationship. (a) Single-

screen perspective transformation: (al) Schematic diagram of single-screen perspective transformation; (a2) Image

of target image plane P corresponding to Screen A in (al); (a3) Image displayed from the observer’s perspective,

which should correspond to the known object plane P’ and is actually the perspective projection of P onto

P’. (b) Multi-screen perspective transformation: (bl) Schematic diagram of spliced dual-screen perspective

transformation; (b2) Spliced result of target image planes P and P corresponding to Screen A and B in (bl) ;

(b3) Image displayed from the observer’s perspective, which should correspond to the known object plane P’ and

is actually the spliced perspective projection of Py and P, onto P’.
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Fig.5 Blender sence. (a) Relative positions of objects, curved

screen, and camera in the scene; (b) Camera-view
rendering (screen shown transparent, with objects

visible).
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Fig. 6 Rendering after fitting the curve with a polyline. (a) Bottom curve of the curved screen; (b) Relationship between

m and PSNR/computational cost during the polyline approximation of (a); (c) Vertices of the fitted polyline (m=

30) ;

lines of the spliced screens.

(d) Multi-screen splicing structure reconstructed from the polyline, with black borders representing the out-
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Fig.7 Complete workflow for distortion-free rendering on curved screens. (a) Curved screen and bottom curve; (b) Fit-

(b)

(e)

(©

_

()

ted curve vertex positions obtained by minimizing the loss function using the Adam algorithm; (¢) Visualization of

polyline vertex positions; (d) Polyline structure extended along the height direction to form a spliced multi-screen;

(e) Schematic of the spliced multi-screen position in the camera, with corner coordinates of each screen collected ;

(f) Perspective transformation applied to all quadrilateral regions in (e), yielding the final result after stitching.
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