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Abstract

In order to meet the requirements of non-lethal laser rejection, an adaptive rejection system based
on 532 nm semiconductor laser is designed. The system obtains the target distance in real time
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through the laser ranging module, and dynamically adjusts the laser output power (0.5~3 W) and
divergence angle (1~10 mrad) in combination with the human eye safety standard (MPE/NOHD) to en-
sure that the laser power density at the target position is stable within the safe range of 0.1~2.55
mW-cm-2. The hardware adopts STM32F103ZET6 microcontroller as the core, and integrates a pulsed
laser ranging module (accuracy +1 m), a zoom optical system and a PWM modulation driver circuit.
The closed-loop control algorithm is implemented in the software, and automatic parameter adjust-
ment and human-computer interaction are supported. The experimental results show that the sys-
tem can accurately control the target power density in the range of 10~400 m (error < 30%), and
has a non-lethal dazzling effect. This study provides a theoretical basis and technical support for the
engineering application of laser rejection technology.
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Figure 1. Block diagram of the system hardware

B 1. RgEHEIIEE

Table 1. Laser parameters selected under ideal conditions

F 1. BEZGTIEREAESH

L [m] P(L) [W] A [mrad] r(L) [em] E(L) [mW-cm™]
10~20 0.5 10 11.5~21.5 0.34~1.20
20~30 0.5 5 11.5~16.5 0.58~1.20
30~50 1 4 13.5~21.5 0.68~1.74
50~100 1.5 3 16.5~31.5 0.48~1.75
100~180 2 2 21.5~37.5 0.45~1.38
180~230 2 1 19.5~24.5 1.06~1.67
230~400 3 1 24.5~41.5 0.55~1.59
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Figure 2. Flowchart of the overall processing of laser pulse ranging hardware
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Figure 3. Pulse acquisition circuitry
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Figure 4. Pulse drive circuitry
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Figure 5. Pulse shaping circuit
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Table 2. Parameters of the laser ranging module
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Figure 6. Schematic diagram of the optical system of a laser zoom lens
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Figure 7. Mechanical structure of the mirror group
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Figure 8. Diagram of the control structure of the zoom control unit
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Table 3. Theoretical spot radius and area to the target at different distances
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L [m] A [mrad] r(L) [em] S(L) [em?]
10 10 11.5 415.50
20 5 115 415.50
30 4 13.5 572.56
50 3 16.5 855.30
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100 2 21.5 1452.20
180 1 19.5 1194.59
230 1 245 1885.74
400 1 41.5 5410.61
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Figure 9. Block diagram of the power supply part
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Figure 10. XL6019E1 peripheral circuit diagram
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Figure 11. Lithium battery protection circuit

11. $ERE AR B

B R 7 PO T CN3303 ST PR PWM 4% 1] Eb 4 RS2 18 14 P 6% S0 8 b b 1 7 RS
TRFE B B 24 FE it fE AR T 80 5 0 BRI G Ol 2.9 Vi=3.0 VIR, 88 A DL /I 1 L 3 e b kAT T 78 #L,
B 1k S SRR s TE R S F P B M R B TR BI A A A R, SO DA A E R H
MhFE s EE TS B M R R BT R GEE N 4.2 VI, SR DR EME R R A, F
N TR s FRFESE R 7 R B B B AL R, SR e b E e, Ik R IR
HEANFFHLEE . CN3303 AhH L Qi 12 Foss

VBUS

T D1
R3 L1
==} ARAC |BAT+
60mQ a . 6.8uH
v\l CSN STAT 834
A loca e |B2 - . R2
\>| VBUS VBUS |57, VIN CE
— GND  GND 33K
U1 GSBT U2 6 ; 3 BAT+ e et
51K | USBTYPECeP _I 51K ERRY Bal Tor [[onF
dl 4L Q1
$ TC1 TC2 5 7 A
2F | 22uF LDRV GND —— S D [
S D —¢
L Ch3303 R4 318 D -4
T 1 G D —=
S 220 AO#468
R1
e
—= —
7 33K %
= =z LED1 — = | LED2 i =il =
GND GND FeEBEKT GND FeEBFeRkIEK] GND GND GND

Figure 12. CN3303 peripheral circuit diagram
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Figure 13. Main program flow chart
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Figure 14. Flow diagram of laser parameter control program
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Table 4. Mean and standard deviation of multiple groups of distance data at different distances

4. TEESTSHEBEEREFENREE

L [m] L [m] o(L)
10 9.9 0.0447
20 20.1 0.0707
50 499 0.2074
100 100.1 0.2280
200 199.9 0.3421
300 299.8 0.6907
400 400.3 0.8234
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Table 5. Theoretical and actual values of the target spot area at different distances

% 5. NEIEE TR AR E S EIRME

L [m] A [mrad] S(L) [em?] S(L) [em?] 5 [em?] A [%]
10 10 415.50 422.73 +7.23 +1.74
20 5 415.50 430.05 +14.55 +3.50
30 4 572.56 598.28 +25.72 +4.49
50 3 855.30 886.68 +31.38 +3.67
100 2 1452.20 1520.53 +68.33 +4.71
180 1 1194.59 1256.64 +62.05 +5.20
230 1 1885.74 1979.24 +93.50 +4.96
400 1 5410.61 5754.90 +344.29 +6.37
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X 14 HEPE SR, EREEERERA RO E N S S KOFBCFEER 2 A RIEEEOE T, AN ErDREE
FH 5HEOETh R R 2 O TR 1 LU BT ST 3 B RO D 3R %, REHX 14 HEURTE HARTu
M, )10 % 400 m Y P ER AT LUK s ROR .

UG 14 ZHEGRE 0 SEBR 0L D) 2% B2 5 BB B0 D 25 BEOR 22 04T, A0k 6 P N0 2% B 1)
AR ZE 6 SHIMRZEM A o B MRS, 7558 25 (<100 m)Z&HF R AR ZTE 2.26%~6.30%, £ [H
He PRI L B 25 B B . TAE Az B B (>100 m) & T 1% 22 55 35 18 K (10.20%~27.47%),  JR K A] g
NRFFEA T AME: e RN S PR AT K T EIR R . BUR R BUAEmI M2, TR ER
MRS FBEAS 8, BE S VN R BUR R ZE OR8] e 2 0L Th 2R B 8 5 e i i ThE AR e .

Table 6. Error analysis of laser power density

6. BAIRBEIRED

L [m] 5 [mW-cm32] A [%]
11 —0.022 —2.21
19 —0.014 —3.61
21 —0.041 —3.73
29 —0.031 —4.94
31 —0.076 —4.64
49 —0.046 —6.43
51 —0.104 —6.13
99 —0.050 -10.29
101 —0.142 —10.50
179 —0.062 -13.68
181 -0.229 -13.83
229 -0.217 -20.32
231 —0.301 -19.07
399 —0.153 —27.49

ARSI P A BAE TE 2.55 mWrem 2 BUT, RIIA R G 10 S Hd2 il m] DA R0t S FE IS . ARG i
ZLERES 399 m I, SEPRMEDN 0.404 mWrem 2, VYIRTESEIETEREIN, (H2FHEG MmN T R0HE— D5
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KB E

BT 532 nm P RARBOGIE 1L 3 R G I B A P H DD #(0.5~3 W) 5 K BUF (1~10 mrad), 7 10~400
m YO B P9 ST TR B (A R (SE BB 0.365~1.641 mW-em™), L AEEAT IR IR e ER, 18
SRR AT IEE(10~200 m)& M R IR ZE <10%, RS Al5ENEmE, W E RN SEERR ez iE
B5(>200 m)Z& A N R K SAMERIE SRR RS, DA ORTh 2 % FE R e s AR 2247 T, AxFE B B
DhE s AR 2 A B{A, £5F6 IEC 60825-1 brifk.

5. GRS RE

AW T AT 532 nm P SAABOGE I BE MR (R RS, KEOGIEE S 5307 PWM 45
G, SCHLEARIE R - DI RN H A E], R G D AR BUR R BRYE . JF HARAL T A
Rz AP, i 532 nm WOk KRR S D23 % FERSE RS, 7EJE8uindi B AR 5 NIRRT Z [ LA
i SEEKW], RGLE 10~400 m YO IE N DR E EEHIRZE <30%, L2VEFFE IEC 60825-1 . Aok
TAER A FE B KRS AME R, HHRE 2 BRI ERThRe, dE— B4Rt R IR PR BE I B

SEEk
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