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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,
enabling viewers to see the rendered scene as equivalent 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 (Loss) 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=230 planar segments balances high PSNR and computational cost. This method significantly reduces
distortion on curved screens and applies to large outdoor curved LLEDs and flexible consumer electronics,

offering a feasible path for glasses-free 3D on curved displays.
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Fig.1 Curved screen approximated by multi-faceted pla-

nar screen splicing. (a) : Curved screen; (b) :

Multi-faceted splicing screen.
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Fig. 2 Perspective projection. (a): Actual scene of per-
spective projection; (b): Image perspective trans-

formation operation.
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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
A in (al) and the target image plane P; (a3) Image displayed from the observer’s perspective, which should corre-
spond to the known object plane P’ and is actually the perspective projection of P onto P’ ; (b) Multi-screen per-
spective transformation. (b1) Schematic diagram of spliced dual-screen perspective transformation; (b2) Image A
in (b1) and the spliced result of target image planes Py and P»; (b3) Image displayed from the observer’s perspec-
tive, which should correspond to the known object plane P’ and is actually the spliced perspective projection of P,

and P> onto P’.
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Fig. 6 Rendering after fitting the curve with a polyline. (a) :

tween m and PSNR/computational cost during the polyline approximation of (a) ;

Bottom curve of the curved screen; (b): Relationship be-

(¢): Vertices of the fitted poly-

line (m=30); (d): Multi-screen splicing structure reconstructed from the polyline, with black borders representing

the outlines of the spliced screens.



8 W5 Bos

At ST, A T (m ) /T (0) K /NAT B 32 fe ke
ERORT RN o

5 B 25 S & 6 (b) ir s, XF F [a] — fiff i,
PSNR B 5 m i 52 1E A OG5 2, i 38 0 1 1) 17 45
N Ry i NG TR NS R I NS4
E PSNR {5k 12dB, & 6 (¢) 1 & 5 m = 30 J&
Xt PSNR 5% T8 4 A9 28 & % e ah 4L o il i
B A B 6(d) Z 5 PH 250 e, FR kA7 2. 3715
Z B PFE s B4R AT A5 B A AR

B7hskmfnsgrl. B 7(a) BniE i
FAR SR BRI AR I AR g — %) 1 1 K P
T A i 5 Y IR . IS I AR5 F KT T Dk
kS, PR ST T TR A B AR, () A Il S
FEASTE 575 (Adam) 1 A i 2 9d sk B 7(b)
I R AR S0 Y Loss B 5401 2k A8 vk B0
B AR, e A T AR, MR e ST R T A
B PRI AT R 7 (o) VR 3 42 it B

Curved screen

Loss=MSE(S(1),S'(t))

A B T R AT T R K P T e
i A2 2 e DR R S5 L 2% 22 5 DF H2 45 40 D X it
T 0 =T, AN 7(d) TR o 2 5 B A A
PR AR AL TE G 1m0 1 A0 18 7 Ce) s, eI id 4%
PHE B AR R AE SR BALAL A b i AL B 45 35 AR
HeJa 19 DU I A s AR AR 5 0 SR B B R S T
A 2 By B2 BT A B 4% BF SR Y S PR R
oF o AR SR B B AN O7 AT T i
AR DU TR R A R i DL AR B AT R
T B AR S5 H, B 7(e) P T A Ui B
DX I R A7 305 375 R A 4 BRIV AT i 2k A BF B S B e
IS AT o O I T R AT BE AR B 7 (D o BUAT i
TE 5 F) T 2 3% 5 S 1T 5 A Ol AR Jes i DX 1R
RBAGAT S HEA , A & 7 (F) B4 e e, B AT 43
P A AR BN LR . Rk e TR
SR T TR 5 AR BLAL B 045 AR B IR
AR AR R R R MR BN S E s .

Cumulative Distribution Function

03 oy
0.25 P4
3 02| g/ i ’
0.15 N/
@ o 50 100 150 20

Original Curve

@ Division Points

Y Coordinate

Tteration

(a)

(b)

0 X Coordinate

(c)

Division in Camera

Division plan

(d)

.

(e)

Processed Image Result

(D

P 7 e G W A i G S8 B R ¢ () « i THD B 5 R R A 25 (b) < 1] Adam 573 e /MK Toss bR B At 305 i 28 T A
B (o) Prek WG Ar BT HAL ; (d) - 7 2R 5 M 0T w8 B2 D 1) JiE AU R B 45 Z2 B8 < (o) D% 22 R 7 BRARML vh (02 B O 72
P e 45 B A mi A 5 (F) X Ce) vP B AT DO S0 0 IX Ol R A7 i L8 48, DF 2 ) B 4 285

Fig. 7

Complete workflow for distortion-free rendering on curved screens. (a): Curved screen and bottom curve; (b) :

Fitted curve vertex positions obtained by minimizing the loss function using the Adam algorithm; (c): 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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