$£61% F10H/2024 E5 B/ B EXBFEHRE

It Bl eI =
JET Scharr 55110 VF 5T GL AR A Sk $R LB AR
4 0 BTH, B, THE ALE

HE

KEMT RFWH%R, S K&F 130022

TEE 2080 3 S B B VL 78 SR B ol T A5RS04 B AR T ) AR I 4 S R
M i AR o 26T 06, 38— Fh £ F Scharr 57 19T 5 R BUR L 23R BUH R o Scharr 57 HoA IR 001155 52 44 52 A
BN T AT DL A RO #E NG B Scharr 8 VR T 808 Az 10— 414 8T (10 BUBE R AT, XF T Scharr 84524V FH T 8%
B 2l A7 7 1 300 2 42 B SR 78 B8 07 ) A 800 2 1) Il 0 3 47 el af | ) B30 AR AE 970 18 AT A 46, A ORI ) BT AR FE
A R BT AR GZ T T Bl 1808 (8 A BT % IR HCBE , DT S B i R R AE SR AT 1A B R A . IR ARPEIT AR
PR FEA T A IS ST b 6 A 0 AR 0 30 2 AT SR B, 7 I 5 S IR A SR AR I, BT B T vk T DL AR A5 57 I BT O
K| IR MUE; B
FESES 0431.2

GRWL; Scharr 5875 5% 3 B

XEPRER A DOI: 10.3788/LOP232250

Edge Detection Technology Based on Computational Ghost Imaging
Using Scharr Operator

Yao Yu, Zheng Yang, Cheng Ziyi, Gao Chao, Wang Xiaogian, Yao Zhihai’
College of Science, Changchun University of Science and Technology, Changchun 130022, Jilin, China

Abstract The conventional edge detection encounters limitations in practical applications due to its low imaging quality.
By contrast, the edge detection encounters based on ghost imaging can achieve a high signal-to-noise ratio for the edge
imaging of object. Accordingly, this paper proposes a computational ghost imaging based on the edge detection using the
Scharr operator. The Scharr operator has low computational complexity, enhancing its effectiveness for image processing.
Hence, a new set of speckle functions is generated by applying the Scharr operator to speckle. When the Scharr operator
template is applied to speckle movement, information will miss along a certain direction in edge extraction results. To
address this problem, a new operator template is generated by converting the positive and negative values of the operator
template. Thus, a new illumination speckle is created by applying the newly generated operator template to the moving
speckle, thereby obtaining complete information along all directions in the edge detection results. Additionally, based on
the basic method of computational ghost imaging, edges of unknown images are extracted theoretically and
experimentally. The simulation and experimental results show that the proposed method can obtain complete and clear

edges of the tested object.
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Fig. 1 Experimental setup for computational ghost imaging
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Fig. 2 Speckle movement. (a) Speckle movement method; (b) original image of the 40th speckle image, corresponding to K,; (¢)-(j) the

40th speckle images after movement
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Fig. 3 The processing results of binary character “cust” and image “lena”. (a) Binary character “cust” image; (b) “cust” simulation
image based on DCT speckle and Sobel operator; (¢) “cust” simulation image based on DCT speckle and improved template
Sobel operator; (d) “cust” simulation image based on DCT speckle and Scharr operator; (e) “cust” simulation image based on
DCT speckle and improved template Scharr operator; (f) “lena” image; (g) “lena” simulation image based on DCT speckle
and Sobel operator; (h) “lena” simulation image based on DCT speckle and improved template Sobel operator; (i) “lena”
simulation image based on DCT speckle and Scharr operator; (j) “lena” simulation image based on DCT peckle and improved

template Scharr operator
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Fig. 4 Normalized intensity distribution results of the “lena” image using Sobel and Scharr operators. (a) “lena” image; (b) “lena” image

normalized using the improved template Sobel operators for intensity distribution results of edge detection line 5; (¢) “lena” image

normalized using the improved template Scharr operators for intensity distribution results of edge detection line 5
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Fig. 5 The processing results of “cust” and “GI” at different sampling numbers. (a) Original image of “cust”; (b) simulation diagram of

1024 undersampling edge extraction results for “cust”; (c) simulation diagram of 2048 undersampling edge extraction results for

“cust”; (d) simulation diagram of 3072 undersampling edge extraction results for “cust”; (e) simulation diagram of 4096 full

sampling edge extraction results for “cust”; (f) original image of “GI”; (g) simulation diagram of 1024 undersampling edge

extraction results for “GI”; (h) simulation diagram of 2048 undersampling edge extraction results for “GI”; (i) simulation

diagram of 3072 undersampling edge extraction results for “GI”; (j) simulation diagram of 4096 full sampling edge extraction

results for “GI1”
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Fig. 6 Computational ghost imaging experiment. (a) Experimental setup diagram; (b) the metal aluminum plate used in the experiment,

with a hollow “C”

carved in the center; (c¢) the result graph of speckle movement using the Scharr operator without improved

template; (d) the result graph of speckle movement using the improved template Scharr operator; (e) the result graph of speckle

movement using Sobel operator with improved template
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