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Linear interpolation algorithm for LED dome display and its
FPGA hardware implementation method
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Abstract: In order to address image distortion and resolution mismatch caused by physical pixel attenuation
in LED dome displays in higher latitude regions, a linear interpolation algorithm based on LED dome
displays has been proposed and implemented in hardware on an FPGA platform. This algorithm is designed

to minimize image distortion and data loss in LED dome displays. Firstly, a dynamic planar-spherical pixel
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interpolation model is constructed and the floating-point operation is converted into a fixed-point integer
operation by introducing an interpolation step parameter. Secondly, a dynamic step-size control mechanism
based on stereo angle analysis is proposed to adaptively adjust the interpolation accuracy according to the
difference in pixel density. Then, a fully pipelined hardware architecture was designed to combine coordinate
transformation, pixel resampling, and interpolation computation. A low processing delay was achieved
through the FIFO data remapping module. Experimental results show that compared with images displayed
directly on the dome screen, the average peak signal-to-noise ratio of dome display images processed by
this algorithm improves by 10.41%, the average structural similarity index increases by 0.36% , and the
average image information entropy increases by 1. 60 bits. At the same time, the algorithm’s single-frame
processing time is less than 0.19 ms. The conclusion of the study shows that this method effectively
solves the problem of image distortion and resolution mismatch when displaying on a dome screen. The

algorithm has low complexity and occupies few hardware resources, with a low processing delay, meeting

the real-time processing requirements of high-frame-rate, strong interaction scenes.
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Fig.1 Schematic diagram of the missing data of the dome

screen
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Fig. 2 Comparison of image distortion repair effect of dome screen
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Fig.7 Comparison of the effect of algorithm simulation
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Tab.3 Comparison of the evaluation metrics for different images

Images S-PSNR WS-PSNR AW-SPSNR S-SSIM WS-SSIM FSIM IE
A 33.170 3 30.2909 32.3156 0.9914 0.9937 0.4520 0.5708
A 34.704 9 36.4017 33.3493 0.996 5 0.9977 0.7212 1.3331
B 54.194 7 49.974 0 53.2103 0.996 9 0.999 2 0.999 3 4.0554
B* 57.862 4 59.989 1 57.3116 0.998 9 0.9987 0.999 8 6.488 9
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Tab.4 Hardware consumption and time of different

algorithms
Rk FF LUT  Time/ms
B3R 0 RGN NERR 185 1286 2.867 2
XLk P A {1 5 712 8134 8.642 8
W= WA 889 6639  29.5312
AR S B 498 5049 0.193 3

a1 Z2 A AN TR J5 58 4k BRI AR, 2R AT AN [
BRI RIS, R MRS R, E£Z4 LED
BB W7 Sh, WAk BT S T CPU R AR
TS BT fe A P8 S5t B, LG Ak S8 1] W 7y 2 3
2y 25 W IO ™ R A T S U e 5
i 77 58 LA R Ak B e ] 52 B T bR o S (R
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Fig. 9 Comparison of the actual effects
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Tab.5 Comparison of display solutions
WoRTTE BE{MFS Time/ms PSNR - SSIM
ENS WS FPGA 0.19 46.28 0.9979

ooy g ARM 0.05 42.19 0.9953
WAL E ) %" CPU 185.00 52.50 0.9995

PG T 5 2R 7™ 5, 02 T OQSRAE BL  ANGE T
G FEOR AR & 2 Won 5t . A FPGA
J7 G LT LM i Y P RO A - A R R
3T A 057 58 1 Ah B (R] S Ak b RS A A

5 4% i
AR SCHE H — B JE T LED BREE s 19 26 1 4

{F B3 5 T 52 0y 4, 3 o 8l A OV T - K v B
S ASE R 5 S AR AR Ay BT AL ff D LED BR % 5
25 B BRI S B R R B, A
K 2 B0k A A A5 K 77 0 470 (8 7 Ak 4 A
U 09 I8 B8 ST R F 25 R Bl A R 4 A (B
JE I FPGA SLEF- & A a4 i /K SR 284, 5
IR A AR AR e 5 4 (A T TR B I . S A AR
T LAk S5 0 GO 1 08 A {7 M L R SF- 34 25 4
AR 43 S 45 T 10. 419 F10. 36 %, 5 B 34
1. 60 bit, [A] B FPGA 5% 5 114 #E 558 W26 P 46 {5 53
DR 26 Y0, BT G AR #L A []4 0. 193 3 ms,
B = WA AE R T A Bt S . xR
IR SE AR A A T R R RS,
YRS T A 3 38 I A s X R M, Ay e S
PEBRFE R G AR T ST R T A R
S TE RO T — B R RO -k R Y
AR AR, 5 AL R EIE B AR X LED H 54t

T3 GARTE B 8 AT UL B 5 58 A i SR -

5

=z

[1]

[2]

[4]

PEAT IR, e — P P T LED B i i

£ X #:

ok . LED BRESTERERE BE B R B SB[ T]. e A R, 2023,47(1) :140-143.

ZHU B. Technical superiority advantages and design of LED dome screen in special cinemas [J].
Engineering, 2023, 47(1): 140-143. (in Chinese)

MICHON R, DUCCESCHI M, COCHARD P, et al. Evaluating CPU, GPU, and FPGA performance in the
context of modal reverberation: a comparative analysis [ J]. Frontiers in Signal Processing, 2025, 5: 1522604.
BAKHODA A, YUAN G L, FUNG W W L, etal. Analyzing CUDA workloads using a detailed GPU simulator [C]//
Proceedings of the 2009 IEEE International Symposium on Performance Analysis of Systems and Software. Boston:
IEEE, 2009: 163-174.

RBOR, 2 Rwe,F L ZY-3 DREERHES UG INEMTI]. alsdir,2015(1):15-21,30.

FAN C C, WANG M, ZHU Y, et al. Research on the method of ZY -3 satellite attitude interpolation and fitting [ J].
Surveying and Mapping Bulletin, 2015(1): 15-21, 30. (in Chinese)

ARAKI S

Video

, MAEDA K, SHIBATA K, et a/. High quality panoramic image generation using multiple panoramic
>1//Proceedings of the 2010 IEEE International Conference on Image Processing. Hongkong,
China: IEEE, 2010: 1213-1216.

annular lens images [ C

TSAIM J, KAO C L, LIU J. The gentle spherical panorama image construction for the web navigation system [C]//
Proceedings of the 2010 IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP).
Dallas: IEEE, 2010: 1578-1581.

CHAND R K, KUMAR B, RANJEETH M, et al. Implementation of panoramic image stitching using python [C]//
Proceedings of the 2023 14th International Conference on Computing Communication and Networking Technologies

(ICCCNT). Delhi: IEEE, 2023: 1-7.



1468 RS RN %40 %
[8] HUH T, DONG Y G, LI Z L. Panoramic image mosaic method for lateral multi-lens video logging images [C]//

[9]

[10]

[11]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[24]

[25]

Proceedings of the 2012 International Conference on Measurement, Information and Control. Harbin: IEEE, 2012:
516-519.
PARK M, KANG T, YUN J, e al. SphereDiff: tuning-free omnidirectional panoramic image and video generation
via spherical latent representation [ J/OL]. arXiv, 2025: 2504. 14396.
CHEN L, HANJ, ZHANG Y, et al. Real-time panoramic image mosaic via Harris corner detection on FPGA [C]//
Proceedings of the 8th International Conference on Image and Graphics. Tianjin: Springer, 2015: 111-124.
SALEM N, SERHAN S, AL-TARAWNEH K, ez a/. Flexible and cost-effective spherical to Cartesian coordinate
conversion using 3-D CORDIC algorithm on FPGA [J/OL]. arXiv, 2024: 2407. 18255.
SRINIVASA M H N, ROOPA M. FPGA implementation of sine and cosine generators using CORDIC algorithm [J].
International Journal of Innovative Technology and Exploring Engineering, 2012, 1(6): 16-19.
PAZ P, GARRIDO M. CORDIC-based computation of arcsine and arccosine functions on FPGA [J]. IEEE
Transactions on Circuits and Systems 1l : Express Briefs, 2023, 70(9) : 3684-3688.
WANG J P, PENG Z X, ZHAN Y, et al. A high-accuracy and energy-efficient CORDIC based Izhikevich neuron
with error suppression and compensation [J]. IEEE Transactions on Biomedical Circuits and Systems, 2022, 16(6) :
807-821.
TR R R FER,F . P S LED SR BB G 77 8 2 F B, 117079550A[P]. 2023-11-17.
CAO H, LIU F X, ZHENG X F, ez al. Spherical screen LED display module point extracting method: CN,
117079550A [P]. 2023-11-17. (in Chinese)
T8, AR, MRV BRIk B TR AT R, 117079550A[ P . 2023-10-27.
NING Y Z, WANG J R. Spherical screen display method and device, electronic equipment and storage medium:
CN, 117079550A [P]. 2023-10-27. (in Chinese)
BB F A AR AF . Micro-LED W TR Bos i BLR S [T]. b b5 25 ,2022,37(6) :661-679.
ZHOU Z P, L1Y, YAN Y G, et al. Current situation and trend of Micro-LLED application in near-eye display [J].
Chinese Journal of Liquid Crystals and Displays, 2022, 37(6): 661-679. (in Chinese)
CHEN E G, FAN Z G, ZHANG K X, et al. Broadband beam collimation metasurface for full-color micro-LED
displays [J]. Optics Express, 2024, 32(6): 10252-10264.
Bk, 2%, 8F,F . BB Micro-LED #5 on b 5 B3t [J]. & dh 5 27,2023,38(7):910-918.
LI Y, JIANG H N, ZHOU Z P, et al. Optical design of super miniature micro-LED projection [J]. Chinese
Journal of Liquid Crystals and Displays, 2023, 38(7): 910-918. (in Chinese)
HOROR, B, EAUAR S L W R B SE R Ol A 5 B PG T A OB R BT[] 4o sh B ok A2, 2023,
52(7):20230342.
CHEN E G, CHEN K K, FAN Z G, et al. Design of waveguide decoupled metasurface for augmented reality
display optical engine [J]. Infrared and Laser Engineering, 2023, 52(7): 20230342. (in Chinese)
WA R, HAE, Hom k. BT FPGA S AR (ORARERIA[T]. & ALB A ,2010,34(S1):82-84, 93.
ZENG W M, HUANG C H, CHEN B L. A color interpolation algorithm based on FPGA real-time processing [ J].
Video Engineering, 2010, 34(S1): 82-84, 93. (in Chinese)
YU M, LAKSHMAN H, GIROD B. A framework to evaluate omnidirectional video coding schemes [C]//
Proceedings of the 2015 IEEE International Symposium on Mixed and Augmented Reality. Fukuoka: IEEE,
2015: 31-36.
SUNY L, LU A, YU L. Weighted-to-spherically-uniform quality evaluation for omnidirectional video [J]. IEEE
Signal Processing Letters, 2017, 24(9): 1408-1412.
XIUXY, HEY W, YE Y, et al. An evaluation framework for 360-degree video compression [ C|//Proceedings
of the 2017 IEEE Visual Communications and Image Processing. St. Petersburg: IEEE, 2017: 1-4.
CHEN S J, ZHANG Y X, LIY M, et al. Spherical structural similarity index for objective omnidirectional video
quality assessment [ C]//Proceedings of the 2018 IEEE International Conference on Multimedia and Expo. San
Diego: IEEE, 2018: 1-6.



%510 3] RICHE 5 BT LED BREE 7w O 2 PE 6 (8 509 M FPGA B 4 52 3 1469

[26] ZHOU Y F, YU M, MA H L, et al. Weighted-to-spherically-uniform SSIM objective quality evaluation for
panoramic video [ C1//Proceedings of the 2018 14th IEEE International Conference on Signal Processing (ICSP).
Beijing: IEEE, 2018: 54-57.

[27] MITTAL A, MOORTHY A K, BOVIK A C. No-reference image quality assessment in the spatial domain[J].
IEEE Transactions on Image Processing, 2012, 21(12) : 4695-4708.

EER N

MER, &, AL W5 5, 2000 4F F
B B 2 B 4 O R B PR S W #E
F 5% U7 3 A5 1l 2 67, 32 DA 5 5
AR R R B AR AL BT A A
& 1 % 5 1 I 55 . E-mail : zhengx{@

cexida. com

RITER B W AR 2019 4F FAER
b AN 7 - X e X VAN S 0 V% |
B R B TR A B T 5T

E-mail: wenyuanyi23@mails. ucas. ac. cn




