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Abstract: We demonstrate the applications of the chaotic laser correlation ranging technology in free space and 
transmission lines. In free space, a chaotic lidar system using chaotic laser as probe light source is designed and 
presented. We expand the application of the ranging technology to the fiber fault location, and a chaos correlation 
optical time domain reflectometer is proposed and demonstrated. Also, the chaotic laser can be converted to the 
electric chaotic wideband signal which is used to locate the cable fault. 
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1. Introduction 
Researchers have found that a laser diode can generate continuous chaotic oscillations with random time-domain 

waveform, which has a δ-function-like correlation trace [1]. Based on the wideband and good correlation properties 
of the chaotic laser, a correlation ranging technology was proposed [2,3]. In this technology, the target detection is 
realized by correlating the reference chaotic signal with the delayed probe signal.   Benefiting from the bandwidth of 
the chaotic laser larger than 10GHz [4]，this technology can ensure the great range resolution and unambiguity. 
Furthermore, it is highly resistant to the mutual interference from the same system since the laser source produce a 
unique chaotic laser signal. On the basis of the study of the correlation ranging with chaotic laser in free space, we 
expanded the application of the technology to transmission line fault location, and a chaotic optical time domain 
reflectometer is proposed[5]. In this paper, we report experimental results of the chaotic signal correlation ranging 
technology in free space, fiber and wire. 

2. Chaotic lidar 

A chaotic lidar system is shown in Fig.1 (a). The chaotic laser is generated by an 808-nm, 500-mW laser diode 
with optical feedback from a mirror. The chaotic light output is split into the reference light and probe light by a 
beam splitter. The probe light is transmitted to the target through the transmitter and the reflected light is collected by 
the receiver. Waveforms of the reference signal and the echo probe signal detected by two PDs are recorded by an 
oscilloscope. The data processing of the cross-correlation is calculated by the computer. The target position is 
achieved from the main peak of the cross-correlation trace and the spatial resolution is determined by the full width at 
half maximum (FWHM) of correlation trace. 

From the cross-correlation traces shown in Fig.1 (b), we can see clearly that three peaks are located at a distance 
of 39.69, 79.67 and 131.70 m, respectively. And the FWHM of the peak of the target placed at 131 m is 18 cm. It is 
found that the peak values of correlation traces decreased with the reduction of the received light strength, while the 
18-cm spatial resolution is not influenced by the distance. Obviously, the maximum detection range of the system is 
influenced by the output power of the laser, sensitivity of the receiver and dissipation of the transmission medium. 

       
               Fig. 1. (a) Chaotic lidar system                                  (b) Ranging results with chaotic lidar 

3. Chaos correlation optical time domain reflectometry (Chaos C-OTDR) 

       On the basis of the study of the correlation ranging with chaotic laser in free space, we proposed a chaos C-
OTDR which is shown in Fig.2 (a).  The chaotic source is a distributed-feedback laser diode(1550nm) with optical 
feedback from an external fiber ring cavity. This long-cavity feedback can generate chaotic light with flat power 
spectrum which is beneficial to the chaos C-OTDR. The probe light is launched into the tested fiber and its 
backscattered/reflected light is received through optical circulator OC2. The fiber delay-line inserted in the reference 
channel is used to compensate for the time delay between the reference and detection channel, and to calibrate 
measurements. 

      We used fiber endpoint as reflection event to demonstrate the detection of breakpoints. The three correlation 
traces depicted in Fig.2 (b1) clearly show each reflection distance. Further, a simple network, consisting of one 3 dB 
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coupler and two fibers, was used as tested fiber. The probe light was injected into the coupler and then split into two 
fibers, between which there was a length difference of 80 cm. The correlation between the reference and the echo 
signals from two fibers was calculated as shown in Fig.2 (b2). This result indicates that the proposed chaos C-OTDR 
can clearly resolve two reflection events located within a distance of 0.8 m. Fig.2 (c1) shows the detection result 
when the breakpoint is at a long distance of about 68km. As shown in Fig.2 (c2), the FMHW of the peak of the 
reflection event at 68km is still 6 cm and the spatial resolution is independent of the fiber length. 

                
Fig. 2. (a) Experimental setup of the Chaos-COTDR.       Fig. 2. (b) The measurement results of the fiber breakpoint       Fig. 2. (c1) The result of long  distance  

(b1)Single reflection event, (b2) Dual-reflection event.                     (c2)Spatial resolution of 6cm.

4. Chaos correlation time domain reflectometry(Chaos C-TDR) for wire fault location 

As is shown in Fig.3 (a), the chaotic laser can be converted into the electric chaotic wideband signal which used 
to realize the wire fault location. A laser diode with optical feedback is employed as chaotic signal source. The most 
(95%) of chaotic output is converted into electrical signal by detector PD1 for test while a fraction (5%) of output is 
separated as reference sref. A T-type connector divides the chaotic electrical signal into two parts: one serves as probe 
signal and the other is directly received for scaling zero. Once the probe signal touches a fault or discontinuity, it will 
be partly reflected back. The return signal  sret is delayed by  τ relative to s0, which is just the round-trip time to the 
fault. That is, the fault location is vτ/2, where v is the propagation velocity of cable. 

Figure 3(b1) shows the detection of open circuit for 50Ω coax with length of 11.1m, and the inset lists the 
characteristics of the tested cable. The resolution is about 0.5m limited by the acquisition bandwidth.  Note that the 
correlation was calculated with length of 10us and averaged with 100 measurements.  Figure 3(b2) shows the 
diagnosis of impedance mismatch and type. The inset depicts the wiring topology which includes three connection 
points A, B, C, and a 50Ω load at terminal. The cables except in segment of BC were still the 50Ω coax. We 
separately inserted a 75±5Ω coax of 10.6m, a 100±15Ω cable of 10.1m and a 140±20Ω telephone wire of 10.4m in 
BC. The corresponding results are shown as traces (a) ~ (c). Especially, the peaks at B and C are in opposite 
directions and thus indicate reflections with opposite polarity. Such results accords with the prediction of reflection 
coefficient Г= (ZL-Z0)/ (ZL+Z0), where Z0 and ZL are the impedances of the cable and discontinuity, respectively.  

      
Fig.3. (a) Experimental setup of the Chaos C-TDR for wire fault location                 Fig.3. Experimental results.(b1) An open circuit at 11.1m; 

 (b2) Impedence mismatch. 
5. Conclusions 

The applications of chaotic laser correlation ranging technology are demonstrated. The chaotic laser correlation 
ranging technology has merits of high resolution and anti-jamming ability benefiting from the broad bandwidth and 
random time-domain waveform of chaotic laser. Using optical feedback laser diodes with different wavelength 
(808nm and 1550nm) as chaotic laser sources,  we experimentally realized a chaotic lidar system for space target 
detection , a chaos C-OTDR for fiber breaks location and a chaos C-TDR for wire fault location.  
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