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Fig.2 Flow chart of sidelobe weak signal peak parameter detection
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Fig.3 Building a multi-dimensional data cube. (a) Original sidelobe laser image; (b) multi-dimensional data cube
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(d) the fourth dimension image; (¢) NVPCA transform eigenvalues
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Fig. 6 Peak parameter detection results of NVPCA transform

one-dimensional sidelobe curve (Y=256 pixel)
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Table 1 Peak parameter detection results of NVPCA transform one-dimensional sidelobe curve (Y=256 pixel)

Peak Peak Rise/  Pulse Gray Peak  Pos. Peak Rise/  Pulse Gray
Sidelobe  No. Pos. X value fall width  integration  No. X value fall width  integration
o Left Right

1 7 160 705.46 16/22 38 9993.5 11 354 705.46  12/17 29 9627.3
2 6 133 348.23 14/12 26 4662.0 12 381 372.24  11/15 26 4602.0
3 5 107 198.13 15/13 28 2656.7 13 410 201.13  15/12 27 2647.7
4 4 81 138.09 15/12 27 1705.1 14 432 129.08  11/14 25 1383.9
5 3 49 99.06 9/18 27 1182.8 15 462 111.07 17/8 25 762.5
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Fig 7 Maximum wave peak loops detection results
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Fig.8 Gray scale maximum curves of 5 maximum wave peak

loops in each direction (after NVPCA transformation)
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Table 2 Minimum measurable signal selection

Peak ring Threshold
Ring - k=1 k=2 k=3 k=4 k=5
No. ‘ 46.3786 63.3824 80.3943 97.3925 114.4023

1 715.3436 OK OK OK OK OK
355.7512 OK OK OK OK OK
204.6734 OK OK OK OK OK
133.5523 OK OK OK OK OK
96.9533 OK OK OK NO NO
76.4709 OK OK NO NO NO

> U oA W DN
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Fig. 9 Original sidelobe images. (a) Two-dimensional image; (b) three-dimensional image
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Fig. 10 NVPCA transformation sidelobe images. (a) Two-dimensional image; (b) three-dimensional image

0604003-8



#5514 F 6H1/2024 £ 3 B/ E#N

T PRI NVPCA 28 e X 55 3 B 45 45 9% 1615 800 E—r—
R SR AR o I e — 2 55 I i 4k (Y =256 pixel) 5 700 - 1" — NVPAC

NVPCA 75 #e — 4k 55 i il 2 ( Y=256 pixel) i %5 Ik 1%

600 -
BRCHEAT IR R BN 1L TR . LB & ol
L 00 W Ve R N T AR 1) T R R R W e
EAAIA ;2) NVPCA 48 ffe— 4e 52 Ml & i e (i e i & 40
o of 5 0 L O LR L 0 01 G R W 300

T K, 55 26 U 0 1 i R A U /N o R A% R Y
U6 28 5 A T] U B NV PC A 7S B 350 ACAS % I A6 X )
R B O A U Y T R I IR BE AR . IR A, R
U O VA Ry AT I8

11 F MW X NVPCA ZE #8175 00 9% W 5
SHAT T, N T E R UL NVPCA 48 5t 55 3 K]
1545 W A5 5 B B 5 R A 8 T NVPCA B 5
U W6 {5 KT 728 46 iy %) 34 58 HE ] ( Y=256 pixel) , U
KPR 42 3H 5 55 Ry I bh — 4k 55 e i 4k 1A
U W (%) IR BE AR, 465 6 91 NVPCA 28— 4 2 d th 2% I
BN D W ) R A, 555 7 80 A Ik 06 AR R A 4 5 L 51
(Ryuy) o ZETH55 1 UK 06 K BE{H AN 553.11 358 R 705.46,
W U BB LG A 1.2754 5 47 150 1 U 06 K B 1 M 54.3.42
B9 R 705.46 , P W 5 FL 5] 1.2982. 54~ I 04 e 384
S B ISR SR AT I B — R 0 B E O 162.04, 5 DR IERY
WA {1 4 5 L 4] B R b 1.3403, B /ME o 1.0625, ¥{H
H1.2600, XL NVPCA 28 5 | 454> I s {5 5

200 [

100 -

200 300
X size /pixel

K11 NVPCA B 5 i W 5 5 19 L 45 (Y=256 pixel)
Fig. 11 Comparison of peak signal before and after NVPCA
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Table 3 Enhancement of peak signal by NVPCA transformation (Y=256 pixel)

- . .
Left or Side Peak Peak gray NVPCA Mean Gray NVPCA
. lobe Pos. X peak gray R,., . . gray R,, Mean R,,
right No. value ’ R,., integration . .
No. value ’ integration
1 6 160 553.11 705.46 1.2754 7857.4 9993.5 1.2719
2 5 133 271.83 348.23 1.2811 3672.8 4662.0 1.2693
Left 3 4 107 156.29 198.13 1.2677 2118.1 2656.7 1.2543
4 3 82 108.94 138.09 1.2676 1373.0 1705.1 1.2419
5 2 49 77.00 99.06 1.2865 948.7 1182.8 1.2468
1.2600 1.2524
1 11 354 543.42 705.46 1.2982 7553.9 9627.3 1.2745
2 12 381 290.45 372.24 1.2816 3613.7 4602.0 1.2735
Right 3 13 410 162.31 201.13 1.2392 2088.1 2647.7 1.2680
4 14 432 121.49 129.08 1.0625 1109.8 1383.9 1.2470
5 15 462 82.87 111.07 1.3403 648 762.5 1.1767
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Fig. 12 Comparison of peak gray maximum in all directions (0°-360°) of 5 peak loops before and after NVPCA transformation

ZIN T AR S A I A B T A e — 2 20 B
NVPCA S e B AR 155 1.5 2 .50 S P 3R Yy
BRPE S, (EX = A W A A I HE S (BT AR R, AR

g i 5 S P AT B R 1R T Z ) AR R MR R A T e 22
EH /N, R /NG S g BAR . T B
NVPCA 78 e %t f /s vl 0 45 5 8 £ 09 32 T+ 45 1 6

WY B el S 5 R 8 T/l S s Hbr.  NVPCA AR #e /i i /N ol A5 5 19 16 £ 25 R E 17 He
— B, SN A ER 4 VB S DI K EREA TAK  BLESRIR AR
F 4 NVPCA S5 e/l 5 5 19 e PR 45
Table 4 Minimum measurable signal selection results before and after NVPCA transformation
Type Peak ring Threshold(T;) Select
i k=3 k=4 k=5
Ring No. P,
63.8376 77.0646 90.2916
1 538.9406 OK OK OK
Before NVPCA 2 259.9234 OK OK OK k=3
T, =63.8376
3 142.4719 OK OK OK Ring No:4
4 86.3778 OK OK NO Spa—156.5307
5 56.5307 NO NO NO
i k=3 k=4 k=5
Ring No. P,
80.3869 97.392 114.3986
1 715.3387 OK OK OK
After NVPCA 2 355.7494 OK OK OK k=3
3 204.6672 OK OK OK T .:80'386_96
Ring No:5
4 133.5457 OK OK NO Spax=96.9051
5 96.9051 OK NO NO
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Fig. 13 Comparison of peak loops with different sampling angle intervals. (a) Sampling interval is 0.5 and sampling points is 720;

(b) sampling interval is 0.125" and sampling points is 2880
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Fig. 14 Schematic diagrams of angle transformation (30" to 60°)
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Fig. 15 Display of one-dimensional sidelobe curve peak parameter detection results in 2D plane mode (30°)
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Fig. 16 Display of one-dimensional sidelobe curve peak

parameter detection results in 1D curve mode (30°)
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NVPCA Image Enhancement-Based Detection Method for Sidelobe Peak
Parameters in Weak Signal Regions

Wang Zhengzhou, Wang Li, Duan Yaxuan, LiGang, Wei Jitong
Laboratory Advanced Optical Instrument, Xi’ an Institute of Optics and Precision Mechanics, Chinese Academy
of Science, Xi’an 710119, Shaanxi, China

Abstract

Objective The primary application of the host device involves research in high-energy density physics and inertial confinement
fusion, handling energies up to 100000 joules. A significant challenge encountered during these experiments is the simultaneous
detection of strong and weak signals in the far-field focal spot. Specifically, accurately measuring weak signals in the sidelobe area of
the far-field focal spot has proven difficult. To address this, we introduce a peak parameter detection method for weak signal regions

in the sidelobe, leveraging neighborhood vector principal component analysis (NVPCA) for image enhancement.

Methods Our optimization strategy includes several steps. First, we treat each pixel in the sidelobe image and its eight neighboring
pixels as a column vector to construct a 9-dimensional data cube. The first dimension post-PCA transformation, the NVPCA image,
is then selected. Next, we employ angle transformation to detect various peak parameters of the one-dimensional sidelobe curve in all
directions, facilitating the quantification of energy distribution in the sidelobe’s weak signal area. Subsequently, we identify the
maximum position points of each sidelobe peak in all directions, linking these to form a maximum ring for each peak and calculating
the grayscale mean of these rings. The smallest grayscale mean exceeding the LCM target separation threshold is identified as the

minimum measurable signal for the entire sidelobe beam.

Results and Discussions 1) We propose a sidelobe weak signal detection method using NVPCA image enhancement. This
approach successfully isolates and extracts the minimum measurable signal from the 5th peak ring on the sidelobe image’s periphery,
increasing the dynamic range ratio to 1.528 times. This method enhances the peak’s maximum value in any direction, ensuring the
extraction of the minimum measurable signal from the peripheral 5th peak loop.

2) The LCM target detection threshold formula is employed to segregate the minimum measurable signal. This formula, tailored
to the characteristics of far-field focal lobe images, effectively separates background noise.

3) We validate the one-dimensional curve peak parameters in various directions using a two-dimensional plane display method.
Combining two-dimensional and one-dimensional displays, this method not only showcases the peak parameter distribution of one-
dimensional sidelobe curves from multiple perspectives but also differentiates adjacent sampling angles’ peak positions. The validation

=

using equations (11)—(13) yields rising edge, falling edge, and pulse width consistent with those in Table 5, confirming the two-

dimensional display method’s efficacy in verifying one-dimensional curve peak parameters.

Conclusions Addressing the challenge of extracting the smallest measurable signal in the sidelobe image’s periphery for strong
laser far-field focal spot measurements, we introduce a sidelobe weak signal region peak parameter detection method based on
NVPCA image enhancement. Our findings demonstrate this method’s capability to isolate and extract the minimum measurable signal
from sidelobe image peripheral peaks, increasing the dynamic range ratio to 1.528 times. This approach is crucial for accurately
measuring weak signal areas in sidelobe beams, understanding their energy distribution, and laying the groundwork for future precise

measurements of strong laser far-field focal spots in large-scale laser devices.

Key words far-field measurement; neighborhood vector principal component analysis; diffraction inversion of sidelobe beam; angle

transformation; parameter detection of sidelobe peaks
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