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Abstract: The data acquisition system is an indispensable and important part of the 

signal and information processing system. The high-speed data acquisition and data 

analysis studied in this paper are obtain high-precision data   by high-precision ADC 

chip sampling, first buffered in the ADC buffer, and then analyze and compare these 

data. 
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1. Introduction 

In recent years, terrorist attacks at home and abroad have increasingly threatened 

people's lives and property [1]. It brought an unprecedented need for a security 

inspection system to detect dangerous goods carried by terrorists, sometimes hidden 

in clothes. Active millimeter-wave safety imaging systems [2][3] have become one of 

the promising countermeasures due to their high resolution and penetration capability. 

However, due to the high cost, the deployment of existing systems is very limited. 

Millimeter wave imaging technology must have data in order to image, so data 

acquisition is the prerequisite for imaging. With the continuous advancement of science 

and technology, people are increasingly demanding data acquisition systems. Not only 

do they require high sampling accuracy and fast data conversion speed, they also 

require that the system has strong anti-interference ability and can perform real-time 

processing. At the same time, the application of data acquisition systems has become 

more and more widespread, from civil communications, medical care, detection to 

military radar, missiles, remote sensing, measurement and control, etc.; core 
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components of data acquisition systems, high-speed analog-to-digital converters 

(Analog-to The continuous development of Digital Converters(ADCs) has prompted 

other related disciplines to develop toward more precise, stable, high-speed and 

low-power consumption, and has played a significant role in the development of 

science and technology and various aspects of the national economy and the people's 

livelihood. 

Data acquisition refers to the process of sampling and converting an analog signal into 

a digital signal, storing the resulting digital signal and transmitting it to a computer for 

calculation and display. Compared with the traditional analog system in the operation 

and processing of the cumbersome, complex and other shortcomings, the digital 

system in the performance of the analog system has unparalleled advantages, and now 

the digital system in the field of information engineering occupies a dominant position. 

Therefore, data acquisition and data analysis play an irreplaceable role in more and 

more fields. 

The performance of the data acquisition system is closely related to its accuracy and 

speed. Accuracy is usually expressed by the number of significant digits. The higher the 

effective digit, the smaller the noise of the collected data; the speed is usually 

expressed by the sampling rate [6]. With the extensive and deep application, the 

technical indicators of the data acquisition system mainly include the input bandwidth 

of the analog signal, the sampling speed, and the storage capacity. Although there are 

some products with good performance in the market, the prices are often relatively 

expensive, and direct purchase will inevitably increase the project cost. Therefore, it is 

very important to develop a high speed wideband ADC data acquisition system for RF 

target simulator. 

With the continuous development of science and technology, with the continuous 

expansion of the application scale in the engineering field and the continuous 

deepening of scientific research, higher and higher requirements are placed on many 

technical indicators of high-speed data acquisition and storage systems. Among these 

numerous indicators, the most basic and important indicators are the sampling rate 

and resolution of the ADC, the storage depth of the system, and data processing and 

transmission capabilities. With the increasing frequency of the collected signals, people 

have higher and higher requirements for the ADC's sampling rate and resolution. The 

high-speed ADC sampling rate means that the amount of data generated per unit time 

is more, which puts forward more stringent requirements for subsequent data analysis, 

data processing, data storage and data transmission. If the system's data processing, 

data storage, and transmission capabilities do not match the ADC sampling capability, 

blindly increasing the sampling rate of the ADC will not improve the overall 

performance of the data acquisition and storage system. Therefore, in order to improve 
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the overall performance of the data acquisition and storage system, it is necessary to 

improve the system's ADC sampling rate and resolution while improving the ability of 

back-end data processing, data storage, and data transmission. 

High-speed data acquisition and preprocessing systems occupy a pivotal position in 

modern information processing systems. In modern information processing technology, 

most of the work is done through a digital circuit-based system to accomplish 

information acquisition, processing, control, and transmission. The speed and accuracy 

of data acquisition, and the data storage and transmission rates obtained from 

acquisition directly affect the performance of the entire processing system. 

 

2. System Architecture 

All paragraphs must be indented. All paragraphs must be justified, i.e. both 

left-justified and right-justified. 

Millimeter wave imaging can be divided into two types of passive millimeter wave 

imaging and active millimeter wave imaging [7] according to working methods. Passive 

millimeter wave imaging uses a millimeter-wave radiometer to capture the 

self-irradiation and background-scattering distribution characteristics of the object 

under test and generate images. The active millimeter wave imaging radiates a 

measured millimeter wave signal from a transmitter to irradiate the target to be 

measured, and uses the receiver to collect the echo signal reflected by the target to 

record the amplitude and phase information and reconstruct the spatial scattering of 

the target. Intensity image. Currently, millimeter wave imaging technology has been 

used in airport and station security inspection systems. Because active millimeter wave 

imaging has a larger amount of information than passive ones, it can not only achieve 

two-dimensional imaging but also three-dimensional imaging, and it is mostly used in 

practical applications. Active Millimeter Wave Imaging System [8]错误!未找到引用源。. 

According to the actual needs of this topic, we adopt active millimeter wave imaging. 

The overall framework for meeting the requirements is shown in Fig. 1; there is a 40 or 

50 MHz crystal oscillator, which is increased to the frequency required by the subject 

through the PLL and frequency multiplier, and finally transmitted through the antenna; 

the echo signal reflected by the receiving module through the target Through the 

antenna acquisition, ADC conversion to complete the front-end signal acquisition; and 

to analyze the data back to facilitate subsequent data preprocessing. 
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Fig. 1 System Architecture 

 

3. Introduce Submodules 

3.1 Millimeter Wave Transmit Module 

The transmit module consists of two parallel transmit chains, each with independent 

phase and amplitude control. The device supports binary phase modulation for MIMO 

radar and interference mitigation. 

The transmission module of this project is shown in Fig. 2. A 40 or 50MHz crystal is 

frequency-amplified by a phase-locked loop (PLL). After frequency multiplier, the 

frequency is increased to 76-81GHz and finally transmitted to the target through the 

antenna. The transmit and receive antennas need precise design to reduce noise. 

PLL
X4
MULT

PA TX
20GHz 76-81GHz40/50MHz

 

Fig. 2 Millimeter wave transmit module 

 

3.2 Millimeter Wave Receiver Module 

The receive subsystem consists of an LNA, mixer, IF filtering, A2D conversion, and 

decimation(see Fig. 3).  

Unlike conventional real-only receivers, the device supports a complex baseband 

architecture, which uses quadrature mixer and dual IF and ADC chains to provide 

complex I and Q outputs for each receiver channel. The module is targeted for fast 

chirp systems. The band-pass IF chain has configurable lower cutoff frequencies above 

175 kHz and can support bandwidths up to 5 MHz. 
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Fig. 3 Millimeter wave receiver module 

 

3.3 Data Analysis Module 

This plot shows the detected objects in the X-Y domain (see Fig. 4). For the advanced 

frame, this plot shows the union of points detected in all subframes of a given frame. 

 

Fig. 4. X-Y Scatter Plot for Detected Objects 

This is a set of checkboxes – one for enabling peak grouping in the range direction and 

one for enabling peak grouping in the Doppler direction. With the peak-grouping 

scheme enabled, instead of reporting a cluster of detected neighboring points, only one 

point, the highest one, is reported. This reduces the total number of detected points 

per frame. The effect of this can be seen in scatter plots (see Fig. 5). 
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Fig. 5. Range Peak Grouping Disabled (Left) and Enabled (Right) 

 

4. Conclusion 

This paper presents the process of high speed data receiving in project, the project 

uses ADC to acquire data. Actual test shows this High-speed data acquisition (sample 

rate up to 12.5Msps), and then need to analyze and study the high-speed acquisition 

signal integrity issues. 
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