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Abstract  

The new type of AE system A-Line DS ("Digital Sensor"), which combines centralized data processing scheme 

and the transmission of the primary digital flow to the acquisition unit data processing, is described. The signal 

from the AE sensor is amplified and digitized in the Converter ALC ("A-Line Converter") in the immediate vicinity 

of the sensor, and then the primary flow in the form of a continuous digital high-speed stream is transmitted via 

a separate coaxial cable to the central unit for collecting and processing data. The computer boards for data 

acquisition and processing calculates AE parameters in the central unit. DS technology significantly improves 

noise immunity, accuracy and reliability of AE testing. Currently being tested 16-channel a working prototype of 

the system A-Line DS with the following features: the ADC has 16 bit and 10 MHz, length of the coaxial line of 

each channel is 200 m, speed of the digital transmission of primary data of AE up to 280 Mbps, galvanic isolation 

of each channel is completed; supply voltage of ALC equals 6B.  

Keywords: hardware, digital sensor, high-speed stream  

  

1.  Introduction  

 The majority of the AE systems in use today are designed on the basis of the conventional 

principles of AE data acquisition and processing which are outlined on Fig.1. In this case 

analog data transmission from a preamplifier to an acquisition unit is performed via 

substantially long coaxial cable, which causes major drawbacks of the considered conventional 

functional chart.  

  
Figure 1. Conventional functional chart of AE system  

Firstly, an analog signal is attenuated and distorted during transmission via long cable line and 

further recovery of signal waveform and parameters is rather challenging [1]. Secondly, a long 
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cable line in industrial environment frequently acts as an antenna which collects significant 

amount of noise from electromagnetic background what degrades efficiency and quality of AE 

testing [2]. The upgraded functional chart of AE system that utilizes digital data transmission is 

free from abovementioned drawbacks and presented on Fig.2. The core concept of proposed 

upgrades is minimization of analog data path length which is achieved by placing ADC at close 

proximity of the sensor and by usage of digital data transmission via coaxial cable to data 

acquisition unit.  

  
Figure 2. Upgraded functional chart of AE system with digital data transmission  

  

2.  Problem description  

In order to support aforementioned upgrades the research of optimal data transmission method 

for primary AE data flow via long coaxial cable was performed. As the result of the research 

the data-conversion mechanism which converts parallel digital bus into serial bit stream, 

transmission mechanism of bit stream via cable and recovery mechanism which recovers 

parallel bus data presentation on the receiving side have been developed. In order to enlarge 

possible data path length cable driver on the transmitting side was used for serial bit stream.  

Fig.3 outlines the functional chart of upgraded «digital preamplifier» - ALC. The developed 

unit ALC performs preamplification, frequency filtering of primary AE-signal, analog-todigital 

conversion and digital data transmission via long coaxial cable as it is described below. 

Galvanically isolated power-supply voltage is applied to ALC via coaxial cable from data 

receiving side of the system.  

  
Figure 3. Functional chart of the ALC  
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 The receiving side, which functional chart is outlined on Fig.4, is composed of 2 parts: the first 

one performs receiving of incoming serial bit stream and applying of supply voltage to ALC and 

the second one performs interface matching and AE parameters counting. Moreover the 

receiving part is outfitted with galvanic isolation of each digital channel from common PC 

ground of the system.  

  
Figure 4. Functional chart of the receiving side of the digital channel  

  

3.  Technical details  

The photo on Fig.5 presents units of working prototype of the ALC-based system, which has 

passed in-situ testing in field environment in the years 2015-2016. Performance specifications 

of the prototype are as follows:  

1. ADC                  16 bit, 10 MHz;  

2. Digital channel data rate            280 Mbit/sec;  

3. Cable line length, max.            200 m;  

4. Power-supply voltage of the ALC          6 V;  

5. Equivalent input noise RMS of the ALC   

 (in 30-500 kHz band)             3.8 µV.  

The photo on Fig.6 presents working prototype of the AE system A-Line DS as a set. During in-

situ testing in the industrial environment of oil-refining plant the system has demonstrated high 

performance reliability and great interference immunity as compared to conventional systems 

with analog data transmission. By estimate of the practitioners of AE testing the quantity of 

signals qualified as electromagnetic noise has decreased by an order.  
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Figure 5. Units of the prototype of A-Line DS system: 1 – AE sensor, 2 – ALC, 3- coaxial cable, 4 – 4-channel 

digital equalizer, 5 – interface-matching board.  

  

  
  

Figure 6. AE system A-Line DS as a set.  

  

3.  Conclusion  

In the authors opinion the presented DS technology of AE data digital transmission could highly 

improve reliability and quality of AE testing without significant increase of the AE system cost. 

Moreover by estimate of our specialists in the long view DS technology allows to achieve 

superior performance specifications of the system, for instance, digitizing of primary  
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AE signal could be performed at rates up to 30 MHz and coaxial cable length could be enlarged 

to 250 m. Further reasonable step in the decreasing of the analog path length is the upgrade 

from «digital preamplifier» to «digital sensor» per se – integrated unit that encapsulates the 

sensor and the ALC. That step allows either to further increase interference immunity or to 

decrease the level of the device self noise [3] and to simplify the production of the system in 

explosion-proof modification.   
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