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Fig. 1. The structure of a single beam expanding beam

scanning laser periscope detection system.
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Fig. 2. Schematic diagram of detection target of single-beam

pulsed laser circumferential scan detection system.
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Fig. 3. Pulse beam view in the positive direction of the -
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Fig. 4. Projection of adjacent pulsed laser beam on plane M.
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Fig. 5. Geometrical relationship between the laser beam and

the projected image.
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Fig. 7. Mathematical model of K(R): (a) The position of the
center line of the beam; (b) the K(R) model when the left
side of the beam intersects the target; (c) the K(R) model

when the left side of the beam is separated from the target.
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Fig. 8. The relationship between K(R) and «, & and 64:
(a) The relationship between K(R) and o4, 64; (b) the in-

fluence curve of o, &1 and 64 on K(R).
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Table 1.  Simulation parameters of the detection system.

Parameter Value Parameter Value
P/W 70 P/ p W 5
U /e8! 700 v/m-st 200
Ly/m 3 7 0.9
A,/m? 0.00031 o/m! 0.00054
05y [rad 0.26 Epm /rad /2
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— B G AT R H AR ELAR T 1 S AT bk
RO, P, B0 A S /A TR
DU A T 5 ) B/ NSO R P AT 36 . (DI oA 113
KRR R, R BETTA 38 A6 H A X A
O R K AT S5 Aol o B L.
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= —0.5 rad
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(I) 2IO 4I0 6I0 8IO 1(I]0 1§O 1;10 1é0 180
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B9 Rk £ M 0 MRS A o AR TE B AR
HAAWMENR (a) q =7/6; (b) ax =1/4; (¢) w = 7/3
Fig. 9. Effects of pulse frequency f, beam angle 6, and

beam incidence angle a: on targets with different diamet-
ers: (a) ar =7/6; (b) ax =m/4; (¢) axu =m/3.

4.2 AERBREEBEAFRITE

& 1A (4) X152 n,, = 300 /s,
LRSS o /3, n/4 a6 B, ZE6 7(b)
B BIE R 3 AR FINA 7(c) BB B 1HE T R RS
NI P, = 5 wW T B9 B KR 20 ik oot
HIE S Emax « TR ICHIA O LA B /DN oK 11551 26
Foine 75 BEIR AR K o't o I £ 055 52 Wil d5e /N Jok o
AR IUH, TEIEFE Cnax T ICHIA Omax ML IEIEFE
T KARAB K o e £

ARG o EBRIFE B 6 m, H50 H

PR ELAR R 0.18 m B (8 e AR Ik ol 28 KO A . 7E
PRIEEES R 6 m B, A5 Yo, FeflRbk i %
R HARRE SR Pr = 9.275 x 10° W, & kKT
B/MEMIHZ 5 oW, I RHEOC R TP, 78
FEH AR IZEHIER AL R SRAFAE (]38 ) 2520
REALG, 224 111 T 23 K 31 g/ NI g 23 s D 6 21 A2
o/ MR ZE R Y B RO A

S AERA (18) X, MR ANIBL 1 5
H bR RLEA 28 s b, M8 — AR A T & E
B IXIE], X AR & FF AR RE, A —> & fEXT
I —~ 0 BUEL X A], K5 (19) 20F0 (20) ARA HFx
[l Ty A (15) 3K, A5 2] H A% R DR 8 e/
PRI T R s e K € (5% R ) 0 18, 1R (21) X
P33 Lqr; MOCHRANITE f 5 HARELEGE A 52
FRE, g5 AR (22) A5 BFE R — G AR
AN GE X, X A K &R iUE, 456
(23) A5 21 H b 171 9 By 220 2 5 /NI Ty 32 5 1Y)
O 1, FRA (24) XTFEN &, HE a1 5 &, BUEEK
EARA (8) ZUAT (9) 245 B e FHH I8 ik i A e £y
Emax AR A B KIEH I O . ITE I RGBS HL
BT 2.

2 RN SO A RS
Table 2.  Calculate the minimum pulse frequency and

beam angle system parameters.

Parameter Value Parameter Value
P /W 70 D;/m 0.18
R/m 6 o n/3, n/4, n/6

K 10(a) BRI —aME T, £ 5 HERREA2E
SRS 3, 0q 5 DR 5C R bR, Hol
LM et R £, 5 B AR B 58 8, A X R
fi 5 EARBEA RS, B 10(b) IARE & E T 045
[l SR e R <k, Wi 10(b) iR, [ ThR
Wit &, 384T/, DA/ NG ) 25 A SR DA il &
IR =R, B2 [ 5 BARIBLEA 28 s R AE
O o IR1 30t ) 055 12 Foe /MR I 3R, B & 3K, 75
MLk, N £ 5 BARELEA 35 R 1)
FRENT /MR, fi 5 B AR B ZE i1 0]
U T R M 245 K T R NE I D) R Rl € kel
K, £ 5 EARIE A A s B 1] 9 R i 2k
i B0 DR/ NF e /NE I DR 5 = 2R I8
fi 5 BARIBE A 28 8 1 Dy A5 /N T S/ MR
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. X = ZAH A AL i S X ) €, 5
O 73 ) NI L I A K & S G R 64 .
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[oh i
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5 ]
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0q/rad
35 .
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: N\ '
o 154 !
= | Y
3] H P
B 10+ : i
3 (R 7/..:/4..4 ...... bocomons ]
! 1 i v ol
/ / 4
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0q/rad

B 10 KA AT bnax (a) £ 5 HARBIE
KRIMLE; (b) 0415 0 BUEITE

Fig. 10. Maximum angle &max between adjacent pulse
beams: (a) The relation curve between fl and the position

of the target circle; (b) value of 64 and Oy, .
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54 (8) 2URN (9) AT 3] 5 S AH 4B ik 1 ) B e £y
Emax = 0.2506 rad, 454 (3) 20, ML Ky, BUE
B, TEVERE Cax = 0.2417 rad, M &, = 26, 6
WA Oy = 0.2417 rad, 254 (5) ENATIS R R 45¢
e /NPK AR R £ = 7798.74 Hz. Y oy = n/4 L
o = /6, 5 ZAHNEAE 04 BUEIN R Z AR A
B [ 30 Dy 3 A de /NI T 2 ) 3 U, AR BUE X
E] N ICR R & EHF TR, T 25 A (3) AARTZs SRk
TR,

HOLER RSO R A —Hh 23 mrad, R
P SCik [12) $RAER T T LAAS S0 R e/ ME
W 22 1) S AR K AT 38 £ B KAR &R bk e £ ¢ LA
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Fig. 11. Influence of &1 and 64 on echo power. (a) a; = 7/3;
(b) v =m/4; (¢c) ax =7/6.
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Emax ~ TRICAIA O WL SEARNK IR 5, B
FeZE RN 3 frgl.

e 3 RIS —RE I, L R/ DA TR 1Y
BOLHY WA A SR ZL, RO RZ Y
HUR R R AR AR T BRI R
Xt R GRS BEFEAS A R . BT H bk oA
1] 140 TR 2% 8 ) B ROC IR I O L S R AR K
A o, TE RS (22) 2UA% 0 ATHLUX ] A,
BUNT Oy FOAE— O {ELET AT 2 B AR IRTBEENRAT
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£ 3 AFEASA o THI N, Emaxs Omax AR fruin
Table 3. nyin, &max, Omax and fy;, at different incident angles « .
NI P IRAT P HE
oy Jrad ¢ Jrad 0 /rad k 1/Hz Emax /Tad Omax /rad Finin Junin/Hz
n/3 0.0345 0.0025 182 54411 0.2417 0.2417 26 7798.74
/4 0.0422 0.0025 149 44425 0.2513 0.2513 25 7500.82
/6 0.0598 0.0025 105 31411 0.2513 0.2513 25 7500.82

AR LR, RIRETERR € E A A 0 )5, Wk ohii
FRT froin BE— BRI AT 2 AR BB R K T
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5 &%
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K(R) Ak by dEOE R AL F bR 1357 2 3B 4
B T A o AL ) €0 DL
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Tyin~ TRIICH I O AL IARSKATAR £, 4347
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POLY AR T7 5 BERS A R ARMK iR 2K, a i
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Abstract

Aiming at the high requirement for pulse-repetition frequency of the existing single-beam synchronous
scanning circumferential detection, which is difficult to use practically. The method of single-beam expanding
scanning laser circumferential detection is proposed. Based on the principle of single-beam expanding scanning
laser circumferential detection, the mode of scanning has an inherent defect of periodic detection blind area in
the detection field. The method of one-way spreading laser line beam into fan-shaped beam is proposed. The
analytical expression of the lowest scanning frequency and the pulse frequency are derived. Echo characteristics
of cylindrical target and the section attenuation coefficient are analyzed. Mathematic model of cylindrical target
echo power of pulsed expanding laser beam is established. The mathematical model of section attenuation
coefficient of cylindrical object is established, and the variation of the section attenuation coefficient when the
center line and the edge of the beam have different positions relative to the cylindrical target is analyzed. The
expression of the position having the smallest section attenuation coefficient and the expression of largest angle
between the adjacent pulse laser beams are obtained, then the influence of system parameters on the section
attenuation coefficient is also discussed. The emphasis is placed on the influence of pulse frequency, beam angle
and incidence angle on the ability to detect different diameter targets. As the laser pulse frequency increases,
the detectable target diameter is smaller and the detection ability is stronger. Increasing the beam angle and
lowering the laser incident angle are beneficial to reducing the minimum laser pulse frequency required to
discover the target. The methods of calculating maximum beam angle and minimum pulse frequency under
typical conditions of the detection system are presented. When the incident angles are n/3, n/4 and n/6, the
maximum beam angle and the lowest pulse frequency are calculated for a cylindrical target with a diameter of
0.18 m at a detection distance of 6 m, the minimum pulse frequency decreases effectively after beam expansion.
The results show that the pulse repetition frequency will be effectively reduced by slightly expanding the beam.
This study may provide theoretical basis for designing and optimizing the single-beam pulsed laser

circumferential detection.
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