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Abstract. End defence is the last barrier to active protection system, which is a hot 

topic in recent years. As the multi-radiation program, partition program and partition 

scanning program need a plurality of lasers and laser receivers, and the synchronous 

scanning program has a complex structure, these four schemes are all hard to apply 

directly in compact system. A new type of laser detection system has been developed for the 

position measuring (≤15m). Unlike traditional static gaze detection manner, we use biaxial 

micro-motor to drive laser dynamic scanning, and the solver of the distance and azimuth was 

achieved by laser and magnetic. Based on the static detection, we conduct the experiment of 

dynamic rotation scanning detection. In each scan cycle, the system can effectively detect the 

target echo and accurately solver target azimuth, which verifies the feasibility of laser 

proximity circumferential detection methods. The system contains only one laser and laser 

receiver, which is small enough to measure proximity target distance and azimuth.  

1. Introduction 

End defence is the last barrier to active protection system, which is a hot topic in recent years. Quickly 

and accurately positioning technology of proximity (≤15m) targets is the key technology [1]. Laser has 

directionality, monochrome, high brightness and coherence characteristics, so it can be used in 

detecting targets by echo analysis [2]. Laser detection system has been used wildly in weapons, such 

as American AGM-88 high-speed anti-radar missiles, Sweden RDS-70 missile and so on [3, 4]. In 

order to increase laser detection coverage, laser detection system requires omnidirectional detection, 

rapid identification and accurate positioning features [5, 6]. Laser orientation detection system is 

mainly involved in four common beam layout programs [7, 8]. As the multi-radiation program, 

partition program and partition scanning program need a plurality of lasers and laser receivers, and the 

synchronous scanning program has a complex structure, these four schemes are all hard to apply 

directly in compact system [9, 10]. 

In our work, we propose a new type of laser proximity detection method by using biaxial 

micro-motor to drive laser dynamic scanning to improve the traditional static gaze[11], only one laser 

and laser receiver are used to achieve a 360°-circumferential proximity detection. 

2. Description of the system 

We have designed the detection system shown in Figure 1. 
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Figure 1. The detailed setup of the Laser proximity azimuth measurement system 

The rotary scanning module includes biaxial micro-motor and all-trans plane mirror. The upper and 

lower total reflection plane mirror is driven by biaxial micro-motor to do the scanning, so that the laser 

proximity circumferential detection comes true.  

The laser transmitter module includes laser drive power, semiconductor laser and collimating lens. 

Laser drive power makes semiconductor laser send out the initial laser beam, the original pulsed laser 

beam is shaped by collimating lens and then the beam is exited. 

The laser receiver module includes focusing lens, photoelectric sensor and signal processing circuit. 

Target echo signal reaches photoelectric sensor after it through the focusing lens, then, optical signal is 

converted to electric signal and processed by signal processing circuit. 

The magneto resistive sensor is the core device of azimuth measurement module, this module 

includes magneto resistive sensor matching circuit and induction magnetic core, and periodic scanning 

magnetic signals are recorded by this module. 

3. Experimental results 

The shaft length of biaxial micro-motor is S, the angles between the upper and lower total reflection 

plane mirror are σL and σr 
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Hypothesis: Target surface area is greater than the laser spot size. For extended target, For 

extended target, laser echo power equation is represented by formula (1).  

ρ is target reflectivity, PL is peak optical power of the laser, TE is transmittance of emission optical 

system, TR is transmittance of receive optical system, σ is atmospheric attenuation coefficient, β is the 

angle between the target reflective surface normal and the optical axis, AR is aperture area of receive 

optical system, R is received power for system, R is the target distance. According to this formula, the 

target distance is solved. 
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Figure2. The curve of echo pulse 

The voltage output curve of APD detection system shown in Figure 2, when the detection distance 

is 10m, the repetition rate of echo is 5KHz, the pulse width is nearly 5ns, the amplitude is about 8V, in 

addition, echo signal amplitude and circuit noise satisfy processing requirements of the subsequent 

circuit.  

Assuming that the target azimuth angle is the angle which is between x axis positive and the line 

from the target location to system axis. Magnetic induction signal is at peak when induction diskette 

and magnetic sensor are alignment at Zero time. 

Signal processing system does A/D converter to the analog output signal of the sensor; using 

software comparison to find out peak time (T1(s) and T3(s)) of the goal appears period in the A/D 

conversion data, and temporarily stored in the microprocessor. 

When the output signal of the laser receiver module is judged as the target echo signal, extract T1 

and T3, the motor speed in real time can be calculated as: 
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The azimuth angle of the target is: 
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T2(s) is the time when the target is detected. 

If receiver module has no signal output when a peak occurs in the next time, then the 

microprocessor discards T1, T3 and records the next peak time, prepare for the target which appears at 

any time. 

The azimuth detection methods used in this paper is based on the motor speed of the target appears 

cycle, it only be affected by the target appears cycle speed variation, A/D conversion frequency and 

system fuzzy delay. The circuit has the characteristics of simple structure, strong real-time and small 

interfering by external electromagnetic environment. 
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Figure3. The composite waveform of laser and magnetic Figure4. Expanded view of the composite waveform 

Based on the static detection, we conduct the experiment of dynamic rotation scanning detection. 

Run the rotating scanning system so that the laser is driven to realize the proximity circumferential 

detection. Placed the target in different directions, rotate scan signals and the target echo signals were 

recorded. When the target located at a distance of 10m and an azimuth of 45°, Figure 3 and Figure 4 

show the composite waveform of laser and magnetic signal while the target’s distance is 10m and 

azimuthal angle is 45°. According to the algorithm to calculate the first test results, T1=6.1019×10
-5

s, 

T2=7.3503×10
-5

s, T3=16.1018×10
-5

s,α=
 2 1
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2 T T
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=44.94°, Figure 5 shows 20 test results, the 

maximum and the minimum error were -2.48° and -0.06°, the average of test results is 44.39°. In each 

scan cycle, the system can effectively detect the target echo and accurately solver target azimuth, 

which verifies the feasibility of laser proximity circumferential detection methods. 

 

Figure5. The distribution of the experiment results 

4. Conclusion 

We propose a detection method which compound laser and magnetic. To compensate for the lack of 

traditional proximity detection methods, we complement advantages of laser and magnetic detection, 

use laser and magnetic measure distance and angle information of short-range target. This method is 

suitable for fast and accurate measurements of proximity target position in different environments. 



5

1234567890‘’“”

CACRE IOP Publishing

IOP Conf. Series: Materials Science and Engineering 428 (2018) 012013 doi:10.1088/1757-899X/428/1/012013

 
 

Acknowledgements 

This research is supported by National Natural Science Foundation of China (51605227) and the 

Fundamental Research Funds for the central universities (NUST30915011303). 

References 

[1] United States Department of Defense. (2000) Joint Vision 2020. USA: United States 

Department of Defense. 

[2] Guo, J., ZHANG, H., ZHANG, X.J., WANG, X.F., (2010). Avlanche Photodiode Detecting 

Technology for Laser Fuze. Journal of Detection & Control, 32(1), 77-79． 

[3] Ding, Z.Z., Wang, K.Y., Zhan, Z.X., (2010). Application of aspherical liquid lens in laser diode 

beam shaping. Infrared and Laser Engineering, 39(4), 623-626． 

[4] Wang, D., LI, X.Q., (2001).New progress in semiconductor lasers and their applications. Optics 

and Precision Engineering, 9(3), 279-283. 

[5] Amann, M.C., Bosch, T., Myllyla, R., (2001). Laser ranging: a critical review of usual 

techniques or distance measurement. Optical Engineering, 10-19. 

[6] Steinvall, O., Chevlier, T., (2005). Range accuracy and resolution for laser radars. SPIE 

Electro-Optical Remote Sensing, 598801-5988018. 

[7] Zhang, Z.H., Yang, M., Xu, S.W., (2006). Analysis of FOV configuration in laser proximity 

fuze. Infrared and Laser engineering, 35(6), 700-704. 

[8] Tao, M., Wang, Z., BAI, X.Y., (2007). The choice and analysis of laser fuze beam position. 

Journal of Projectiles; Rockets; Missiles and Guidance, 27(2), 62-65. 

[9] G. Buzzard. (2010). “Modeling the Interaction of a laser target detection device with the sea 

surface”, in Proceedings of 54th Annual Fuze Conference 67. 

[10] Gan, L., Zhang, H., Zhang X.J., (2013). Research on Large FOV Single Transceiver 

Bidirectional-driving Detection Technology for Laser Fuze. Acta Armamentarii, 34(8), 942-947. 

[11] Barna, A., Földes, I.B., Bohus, J., et al. (2015). Active Stabilization of the Beam Pointing of a 

High- Power KrF Laser System. Metrology & Measurement Systems, 22, 165-172. 


