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Abstract: In this paper, a high-speed successive approximation analog-to-digital converter is designed based on a 40 nm CMOS 

process. A split-capacitor Vcm-Based switching strategy is designed, which is able to keep the output common-mode voltage constant 

for the DAC capacitor array without using Vcm level drive, while saving half of the capacitance compared to the conventional 

switching strategy and greatly reducing the area consumption. It also combines the features of binary redundancy technology and non-

binary redundancy technology by splitting the highest bit capacitor to the lower bit, which enables the DAC array to generate two 

additional redundant bits without adding other capacitors, reducing its requirements for noise and establishment accuracy; and it 

adopts asynchronous timing control without external clocks, which is conducive to improving the speed of SAR ADCs and reducing 

the design complexity. The designed SAR ADC achieves 9.83 bit effective bits, 60.9 dB signal-to-noise distortion ratio, 77.2 dB 

spurious-free dynamic range, 1.68 mW overall power consumption, and 18.46 fJ/conv-step superiority at a supply voltage of 1.1 V and 

a sampling frequency of 100 MHz through simulation. 
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1. INTRODUCTION 
With the growing demand for ultra-low power systems on 

chip (SOC), which involve a large number of sensing with 

analog to digital signal conversion needs and need to be 

powered, such as mobile and Internet of Things (IOT), 

medical instruments and other devices. Low-power, low-area 

ADCs with medium resolution (8-16 bits) and speed (10-100 

MS/s) are well suited for these applications, and advances in 

this type of ADC not only reduce power consumption and 

extend power cycles, but also provide significant space 

savings due to their small chip area. Among these common 

types of ADCs, SAR ADCs use a binary search algorithm, 

have a simple circuit structure, low power consumption, low 

requirements for analog circuits, high robustness, and are not 

process sensitive, which fits well with the trend of process 

size reduction. 

The literature points out [1] that the current SAR ADC design 

faces many challenges. (1) Achieving a high linearity DAC 

array design [2], which is used to generate the internal 

reference voltage during conversion. (2) The maximum 

achievable number of effective bits is limited by the noise of 

the comparator [3]. (3) The signal-to-noise ratio of the ADC is 

limited by the front-end sampling circuit KT/C noise [4]. (4) 

Unstable supply voltages may lead to unstable reference 

voltages causing the circuit not to operate properly, especially 

in low-power SAR ADC designs [5]. There are some trade-

offs in SAR ADC implementation, for example, some 

additional circuitry is essential to achieve low noise, but this 

may introduce additional area and energy consumption, and 

high robustness design has the same problem. For high-

resolution designs of SAR ADCs, more comparison cycles are 

inevitable, which may lead to poor speed conditions or more 

severe energy consumption. Although trade-offs are important, 

it should be noted in the design that the specific design must 

be coordinated with the system design requirements and the 

trade-offs must serve the core metrics, so the core 

optimization metrics for SAR ADC design are currently 

focused on the following three points: low power 

consumption, high speed and high accuracy. 

In this paper, a "capacitance splitting" Vcm-Based switching 

strategy for DAC arrays is designed based on the 40nm 

process, so that the DAC arrays can be switched without the 

need of Vcm level driving and the output common mode 

voltage can be maintained constant. At the same time, a non-

binary capacitance reorganization method is adopted to add 

two extra redundant bits to the DAC capacitance array 

without increasing the total amount of capacitance, which 

increases the tolerance of SAR ADC to comparator noise and 

reduces the circuit requirement for DAC array setup time, thus 

realizing the high-speed SAR ADC design. 

2. SAR ADC STRUCTURE DESIGN  
As shown in Figure 1, the overall structure of the SAR ADC 

consists of five parts: sample-and-hold circuit, DAC array, 

comparator, SAR asynchronous logic, and digital error 

correction circuit. The DAC array adopts an all-capacitor 

structure and adds two extra redundant capacitors by non-

binary capacitor reorganization, which reduces the 

requirement of establishing accuracy of DAC capacitor array. 

The switching strategy of the DAC array uses a Vcm-Based 

switching strategy combined with a "capacitor splitting" 

technique to keep the output common-mode level constant 

without the need for Vcm-Based levels. The main function of 

SAR asynchronous logic is to generate the high-frequency 

clock inside the SAR ADC and output the digital code word 

of the comparator comparison result, and to generate the 

control signal of the switch in the DAC array according to the 

comparison result. The digital error correction circuit is to 

convert the 12-bit digital code word output from the SAR 

asynchronous logic into a 10-bit binary number and output it. 
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The sampling clock in the figure is an externally provided 

clock with a frequency of 100MHz and a duty cycle of 20%, 

which means that during the whole system operation, the 

sampling time is 2ns and the conversion cycle is 8ns, and 

because two redundant bits are added, the conversion cycle is 

divided into 12 comparison cycles. The working process is as 

follows: when the sampling clock is high, the SAR ADC is in 

the sampling stage, and the input signal is sampled through 

the sampling circuit to capture the signal into the DAC 

capacitor array. When the sampling clock is low, the SAR 

ADC is in the conversion stage and the comparator starts to 

compare the sampled input signal and transmits the result to 

the SAR logic, which outputs the comparison result and 

generates a control signal to control the DAC array, and the 

DAC array generates a new voltage input comparator until the 

end of 12 comparison cycles, and finally the digital error 

correction circuit converts the 12-bit digital code word The 

final digital error correction circuit converts the 12-bit digital 

code word into a 10-bit binary number and outputs it. 

 

Figure 1. SAR Structure Diagram 

3. CIRCUIT STRUCTURE DESIGN 

3.1 Bootstrap Circuits 
Figure 2 shows the gate voltage bootstrap switching circuit in 

this design. From the figure, CLK is the clock provided 

externally, and CLKB and CLK are opposite clocks. In the 

hold phase, CLK is low, node D is high, M5 tube is off, at this 

time CLKB is high, so that M3 is on, node A is pulled down 

to ground, while M8 is also on, passing the low level to node 

G. M4 is on so that node B is charged to VDD, at this time the 

upper end of capacitor C1 is connected to VDD, the lower end 

is grounded, and sampling switch M9 is off. In the sampling 

stage, CLKB is low, M8 is off, and M3 is also off, CLK is 

high, M2 conducts node D also from high level discharge to 

low level, so that M5 conducts, at this time, node B and node 

G are connected, so M7 conducts, node A changes from low 

level to Vin, because there is no discharge loop, so the charge 

at both ends of capacitor C1 is conserved, and the voltage of 

node G is raised to VDD+Vin At this time, the Vgs of 

sampling tube M9 remains unchanged, so its conduction 

resistance does not change with the change of voltage. It 

should be noted that the substrate of M4 tube needs to be 

shorted with node B. If M4 is connected to VDD according to 

the conventional connection, M4 is PMOS, and PMOS is 

generally made in n-well in the layout, there is a forward 

diode from node B to VDD, so that the voltage at point B can 

only reach VDD+0.7V at the highest, and when there is no 

secondary tube, it can reach 2VDD, which will seriously limit 

the swing.. 

 

Figure 2. Bootstrap Switch Circuit Diagram 

3.2 DAC Array 
In this design, the Vcm-Based switching strategy is based on 

splitting the capacitor, which is difficult to provide Vcm in a 

low-voltage process. The capacitance of each bit is divided 

into two equal parts, one part of the lower pole plate is 

connected to Vcm and the other part is connected to ground. 

The capacitor connected to Vref is the high level capacitor, 

and the one connected to ground is the low level capacitor. 

Since the size of Vcm is half of VDD, the charge stored in the 

total capacitor is the same after the "capacitor splitting" 

technique. Meanwhile, the non-binary capacitance 

reorganization method is used to achieve a certain amount of 

redundancy by splitting the high level capacitance and 

assigning it to the low level capacitance. This method does 

not need to add additional redundant bit capacitors compared 

to binary redundancy, which greatly saves area, and the base 

of the weight is no longer 2, but smaller than 2, which can 

bring a certain amount of fault tolerance to the ADC when an 

establishment error occurs. The switching method is shown in 

Figure 3. The design is a 10bit SAR ADC, which introduces 

two redundant bits, and its MSB capacitance weight is 512, of 

which 64 capacitors are now split and assigned to the lower 

capacitor, and in the previous design, due to the "capacitance 

splitting technique", the lower capacitor is assigned to ensure 

that In the previous design, due to the "capacitance splitting 

technique", the lower capacitors are assigned to the even 

number of the corresponding bits of the DAC capacitor array. 

 

Figure 3. Vcm-Based Switching Based on Split Capacitor 

3.3 SAR Logic 
The entire SAR ADC asynchronous timing basic logic circuit 

is shown in Figure 4, where SOC is the sample clock simple 

inverse generation, used to control the on and off of the 

asynchronous loop, VALD is used to indicate the working 

state of the comparator, when the comparator completes the 

comparison of one bit, VALD = 1. CLKC is the asynchronous 

SAR ADC internal self-generated high-speed clock, used to 

control the working state of the comparator. When CLKC=0, 

the comparator is reset, and when CLKC=1, the comparator 

compares the comparator. CLKi is the data acquisition clock, 

which is used to control the acquisition of comparator output 

results and switches in the DAC array. OVER is the output 

signal after the last 12 comparisons are completed.  
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Figure 4. SAR ADC Asynchronous Timing Logic 

3.4 Digital Error Correction 
Since two redundancies are added to the DAC capacitor array, 

the total number of bits becomes 12, so the digital error 

correction（DEC） module is now needed to convert the 12-

bit digital code word into a 10-bit binary number output. 

Since the method of non-binary capacitor reorganization is 

used, in splitting the MSB capacitors are disassembled with a 

power of two put, and the weight of each bit is known above, 

so the weight of each bit can be expressed in a power-of-two 

summation, and the conversion process can be represented in 

Figure 5. 

 

Figure 5. Conversion process 

4. SIMULATION RESUITS AND 

ANALYSIS 
The entire 10bit 100Ms/s SAR ADC has been built by 

verifying the feasibility of each of the above modules. In 

order to verify whether its overall performance meets the 

design specifications, a signal with close to full swing is input 

with a frequency of about 7.52MHz at a supply voltage of 

1.1V, a temperature of 25°C, a clock frequency of 100MHz 

under TT model and a duty cycle of 20%, and the output code 

word is output through the ideal DAC to obtain the output 

waveform after sampling and conversion. The output 

waveform is exported to Cadence simulation software in CSV 

file format, imported to MATLAB for simulation, and 1024 

points are taken for FFT analysis, and the final result is shown 

in Figure 6. 

 

Figure 6. Conversion process 

The performance of the final SAR ADC designed in this 

thesis is shown in Table 1. 

Table 1. SAR ADC performance parameters 

Design Parameters Performance Indicators 

Supply Voltage 1.1V 

Resulotion 10bit 

Sampling Rate 100Ms/s 

ENOB 9.83bit 

SFDR 77.2dB 

SNDR 60.9dB 

Power 1.68mW 

FOM 18.46 fJ/conv-step 

In order to design the reliability of the SAR ADC under 

different environments, the dynamic performance and power 

consumption under two process angles of ff and ss were 

simulated at 80°C and -20°C, respectively, as shown in Table 

2. 

Table 2. Simulation of performance at different corner 

 ff 

-20℃ 

ff 

80℃ 

ss 

-20℃ 

ss 

80℃ 

ENOB(bit) 9.869 9.820 9.841 9.873 

SFDR(dB) 77.53 77.91 77.7 78.3 

SNDR(dB) 61.17 60.88 61.01 61.2 

Power（mV

） 

1.703 2.369 1.617 1.681 

Table 3 compares the performance of the SAR ADC designed 

in this thesis with that of 10-bit precision SAR ADCs 

designed in other literature. 

Table 3. Simulation of performance at different corner 

 [7] [8] This work 

Process 65nm 20nm 40nm 

ENOB 9.51 bit 9.19 bit 9.83 bit 

Sampling 

Rate 

100 Ms/s 320 Ms/s 100 Ms/s 

Power 1.13 mV 1.52 mV 1.68 mV 

 

5. CONCLUSIONS 
In this paper, we design a 10-bit 100MS/s high-speed 

asynchronous SAR ADC in 40nm process, analyze the energy 

consumption of different switching strategies, and combine 

the "capacitance splitting" technology to design a Vcm-based 

switching strategy based on "capacitance splitting". Based 

switching strategy of DAC array is designed, so that the DAC 

array can be switched without Vcm level drive and the output 

common-mode voltage can be maintained constant. At the 

same time, the non-binary capacitor reorganization method is 

adopted to add two extra redundant bits to the DAC capacitor 

array without increasing the total amount of capacitors, which 

increases the tolerance of the SAR ADC to the comparator 

noise and reduces the circuit's requirement for the DAC array 

build-up time, and improves the speed of the SAR ADC to a 

certain extent. Completed the overall circuit building of SAR 

logic and realized the asynchronous timing control of SAR 

ADC. Completed the construction of the digital error 

correction circuit module and realized the conversion of 12-bit 

redundant output codes to 10-bit binary numbers. Simulation 

verification and layout design of the overall circuit were 

performed at different process angles. The simulation 

obtained an effective bit count of 9.83 bits, a spurious-free 

dynamic range of 77.2 dB, a signal-to-noise distortion ratio of 

60.9 dB, and a power consumption of 1.68 mW in a 40 nm 
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process with a 1.1 V supply voltage. the final optimal value is 

18.46 fJ/conv-step. 
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Abstract: In response to the shortcomings of the dark channel prior and optimization methods in window selection and object depth 

variation, this paper proposes a visibility detection algorithm based on object region selection. The algorithm introduces superpixel 

segmentation to divide the image into superpixel blocks and extracts the superpixel blocks containing the target object for visibility 

calculation. In the visibility calculation, the dark channel and transmission rate extraction can be obtained only from the target object 

region, without the need to process the entire image region. This improves the accuracy of the target object parameter calculation and 

speeds up the computation. 

 

Keywords: dark channel prior; visibility detection; superpixel segmentation; object region 

 

1. INTRODUCTION 
In recent years, with the popularization of cars, traffic safety 

has received increasing attention. The reduced visibility 

caused by haze is an important factor leading to traffic 

accidents. At the same time, atmospheric transparency is an 

external manifestation of air pollution. Therefore, detecting 

atmospheric visibility is an important meteorological 

observation index, which can guide transportation and 

environmental management. Currently, visibility detection 

instruments are relatively expensive and require professional 

personnel for installation and debugging, making it difficult to 

be widely promoted. Based on the dark channel prior(DCP), 

the visibility detection method is simple to use and low in 

cost, and has great research potential. In the visibility 

calculation, The dark channel algorithm optimization involves 

selecting a fixed-size filtering window and optimizing it in the 

subsequent processing. After two rounds of minimum 

filtering, a rough estimate of the dark channel image is 

obtained. The transmission rate image of the scene has a 

linear relationship with the dark channel image and is usually 

not directly processed. After obtaining the transmission rate 

image from the dark channel image, refinement is performed 

on the transmission rate image. And the dark channel and 

transmission rate extraction can be obtained only from the 

target area, without processing the entire image area. 

Therefore, superpixel segmentation is introduced to segment 

the image into superpixel blocks, and extract the target object 

superpixel blocks for visibility calculation. This improves the 

rigor of the target object parameter calculation and enhances 

the calculation speed. 

2. DCP ALGORITH   
Fog imaging model[1][2] is  

 I Jt A(1 t)= + −  (1) 

Here, J is haze-free image, I is haze image, t is transmission 

and A is airlight. 

He[3] counted 5000 outdoor haze-free images, and the results 

showed that in most non-sky areas of the images, there would 

always be at least one color channel (in the RGB color space) 

with a very low value. In other words, applying a minimum 
filter on the RGB color channels of outdoor haze-free images 

results in a grayscale image where the pixel values are very 

low. This is the dark channel prior theory. The dark channel 

refers to the grayscale image obtained by applying the 

minimum filter on the color channels of any image, which can 

be represented by formula (2): 

   ( )( )dark c

xc r,g,b

dark

I min min I (y)

J 0


 =

 →

 (2) 

Combining formula (1) and (2) gives the expression for the 

transmission t: 

 
dark

I
t 1

A

 
= −  

 
 (3) 

The distance d between the observation location and the target 

object is measured. The target is located in the image and the 

center pixel position of the target is marked as x. The 

visibility can be calculated this way[4]: 

 
1

Vis ln= − 


 (4) 

Where, ε is Visual contrast threshold, β is atmospheric 

extinction coefficient, which can be represented by formula 

(5): 

 
ln t

d
 =  (5) 

The traditional algorithm has a global nature that blurs the 

boundaries between the target object and neighboring pixels. 

Processing the input image with a window-based approach 

actually blends the features of the target object with those of 

the neighboring pixels. As the window size increases, the 

interference from neighboring pixels becomes more severe, 

diluting the features of the target object. Although the 

traditional algorithm uses optimized transmission[5] to 

remedy this issue, experimental results show that this 

optimization only improves but does not solve the problem. It 

even increases the uncertainty of the results, making the 

visibility detection results more unreliable. 
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3. VISIBILITY DETECTION 

ALGORITHM BASED ON OBJECT 

REGION SELECTION 

3.1 Superpixel segmentation 
Image segmentation is a fundamental step in image processing 

applications, aiming to extract the parts of the image that 

people are interested in. Depending on the processing task, 

image segmentation methods include threshold segmentation, 

region segmentation, etc. In region segmentation, methods 

such as greedy-based, clustering-based, and graph-based 

approaches are typically used to segment the image into 

useful regions for people. Ren et al.[6] proposed the concept 

of superpixel segmentation, which is a method of image 

segmentation that groups pixels into superpixels with similar 

semantic information. By using some features of pixel points, 

the image is first divided into a large number of irregular pixel 

blocks, so that the pixels in each region have similar colors, 

textures, and spatial positions. These pixel blocks are called 

superpixels. Superpixel segmentation provides a method of 

image pre-processing that can reduce the complexity of 

subsequent image processing tasks and has good performance 

in many computer vision tasks. 

Due to the importance of superpixel segmentation, many 

algorithms have been proposed, but their models are complex 

and their running times are generally long. To address these 

issues, Achanta et al.[7] proposed a simple linear iterative 

clustering (SLIC) algorithm based on the K-means clustering 

algorithm for superpixel segmentation. The SLIC algorithm 

has a clear principle, is easy to use, and has a faster processing 

speed than other superpixel segmentation algorithms. It is a 

simple and efficient algorithm, and therefore, we chose to use 

SLIC for superpixel segmentation in this paper. 

3.2 Visibility detection algorithm based on 

object region selection 
This paper proposes a visibility detection algorithm based on 

the selection of target regions. By selecting specific target 

regions, this algorithm reduces computation and errors, and 

improves the accuracy and efficiency of detection. Visibility 

detection is performed specifically on the target region. Due 

to the selection of target regions, the algorithm only needs to 

process that region, which can avoid the computational 

complexity of processing the entire image. The original image 

and target block are involved in the algorithm calculation, 

reducing the number of pixels, saving time, and reducing 

interference from irrelevant pixels in the neighborhood. The 

algorithm steps are as follows: 

(1)Scene setting 

In a scene, we need to select a target object, which can be 

either a colored or a dark object. In the image, the tree trunk is 

a suitable object, with a dark color and a relatively regular 

shape. Therefore, we have chosen the tree trunk as our target 

object and recorded the distance d between the tree trunk and 

the observation point. 

 

Figure 1. Scene Setting 

(2)Segmenting the image. 

By performing superpixel segmentation on the image to 

extract the target object, the superpixel blocks belonging to 

the target object are labeled as Ω0. The segmentation result is 

shown in the figure 

 
Figure 2. Target Area Segmentation 

(3)Calculating the dark channel: 

Applying the dark channel prior to Ω0, by substituting into 

Equation (2), we obtain the dark channel values within the 

window of Ω0. 

   ( )( )dark c

xc r,g,b
I min min I (y)


=  (6) 

In the equation, only the Ω0 window exists in the image. 

Therefore, for any pixel within the Ω0 window, its 

corresponding dark channel value is consistent. At this point, 

Idark is no longer an image of the same size as the input image 

I, but rather a single numerical value. 

(4) Calculating the airlight 

For the calculation of airlight value, since the calculation of 

the dark channel for the entire image is not required in this 

algorithm, the method of indirectly obtaining the brightest 

pixel through the dark channel is no longer suitable. 

Therefore, a quad-tree segmentation method is adopted. The 

quad-tree segmentation method divides the image into four 

regions, calculates the mean value of each region, and then 

divides the region with the highest mean value into four 

regions again, and calculates the mean value of each region. 

This process is repeated until the number of pixels in the 

segmented region reaches a given threshold, and the mean 

value of this region is taken as the atmospheric light value A. 

For an RGB image, the quad-tree segmentation method needs 

to separately obtain Ar, Ag, Ab for each color channel. The 

illustration below shows the process of obtaining the airlight 

value A for a single channel (the sky region is not included in 

the figure, and is only used for illustrative purposes). 

 

Figure 3. Quad-tree segmentation 

(5) Calculating transmission 

When we know a from fourth step, the formula (3) can be 

transformed into: 
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dark

c

c {r,g,b}

I
t 1

min A

= −  (7) 

Here, t is also a numeric value, not an image. 

(6) Calculating visibility 

By measuring the distance d in the first step and the 

transmission rate in the fifth step, we can obtain the value of 

visibility in this scene by formula (4). 

3.3 Experimental results 
The algorithm proposed in this paper extracts the target object 

and places it in a separate window, strictly controlling the 

window boundary to avoid crossing objects or backgrounds 

with different depths of field. This theoretically ensures the 

accuracy of the detection results, and the consistency of the 

target object itself can also reduce the interference from 

picture noise. 

Assuming the input image size is M×N, and the number of 

pixels in the target object window is n, in practical visibility 

detection scenarios, value of n is much smaller than M×N. 

The following table lists the orders of magnitude of the data 

volume used in parameter calculations for the two algorithms:  

Table 1. Pixels of calculating 

Algorithm Idark A t 

DCP M×N M×N M×N 

This paper n M×N 1 

The table shows that the traditional dark channel algorithm 

requires more computational resources, and as the image size 

increases, the computational cost of the traditional algorithm 

increases linearly, greatly reducing its efficiency. The 

algorithm proposed in this paper is a fast approximation 

algorithm that is independent of the input image size. As the 

image size increases, this advantage becomes even more 

prominent. 

4. CONCLUSIONS 
The traditional visibility detection algorithm based on the dark 

channel prior has difficulty in selecting the scale of the 

filtering window, and optimization methods cannot truly solve 

this problem, only refining the rough estimated image. This 

paper introduces superpixel segmentation to solve the window 

selection problem, making the algorithm results more reliable. 

Additionally, the algorithm proposed in this paper has lower 

computational complexity than traditional algorithms, making 

it more efficient. 
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Abstract: Because Direct Memory Access (DMA) hardly consumes processor resources when carrying high-speed data, an 

accelerated DMA controller based on Advanced eXtensible Interface (AXI) bus protocol is proposed in this paper. The accelerable 

part of the controller is to replace the CPU for descriptor splitting processing by hardware, which greatly improves the CPU computing 

power. At the same time, the controller is equipped with eight deeply configured channels, which are used to process different types of 

tasks. The design supports single transmission of data and linked list transmission type, which can verify the transmitted data and 

ensure the security of data transmission. In this design, the working frequency of the controller can reach 500M, the power 

consumption is 1.3mw, and the data throughput rate can reach 40Gbps, which greatly improves the data moving efficiency of the 

system. 

 

Keywords: AXI bus; High bandwidth; Accelerable; DMA controller; Data verification; Low power consumption; 

 

1. INTRODUCTION 
Direct Memory Access is a high-speed data transmission 

technology that hardly consumes processor resources. In this 

technology, data is directly read and written without 

additional intervention of the Central Processing Unit (CPU). 

The traditional microprocessor data transfer is usually 

controlled by the CPU [1-3]. The CPU first copies the data of 

the source address to the internal register, and then writes the 

data of the register to the destination register, and the amount 

of data copied has an obvious length limit [4]. With the rapid 

development of large-scale integrated circuits and the rapid 

increase of market demand, the above methods severely limit 

the performance of CPU. In the existing SoC products, the 

performance of CPU has been greatly improved, which is no 

longer the key factor for the low data exchange rate in SoC 

design [5-6]. Therefore, how to improve the data transmission 

efficiency of the bus and the working efficiency of each slave 

device has become another key factor affecting the design of a 

SoC [7].  

DMA technology is more and more widely used in the 

existing SoC design. This technology is to carry out data 

transfer through hardware, and does not require CPU to 

participate all the time. During the data transfer of hardware, 

CPU can handle other tasks [8]. In this way, the data migration 

mode can be flexibly adjusted and the CPU performance can 

be greatly exercised. After the CPU transfers the bus right to 

DMA controller, DMA controller can independently complete 

the data transfer and processing, and the bus right can be 

returned to the CPU after the transfer is completed. In SoC 

chip design, IP core reuse technology has been widely used in 

order to reduce design cost and design cycle. In order to better 

use the IP core reuse technology to achieve the enhancement 

and expansion of the chip, the way of using the on-chip bus in 

the design process is gradually recognized by the designer [9]. 

AMBA bus is performance microcontroller communication 

standard proposed by ARM company. Due to its 

characteristics of strong universality and high performance 

and low power consumption, AMBA bus has become a 

widely used data transmission bus protocol in SOC design.  

In this paper, the design of an accelerated DMA controller 

based on AXI bus adopts high performance, low power 

consumption, low delay, high bandwidth in the data 

transmission [10]. The design realizes single transmission and 

linked list transmission data types, and the data can be 

checked in the process of data transmission. Multiple channels 

are designed inside the controller to store different commands 

sent by the CPU. Hardware is used instead of CPU to 

accelerate the analysis of DMA descriptors in the channel. 

The data transmission granularity can be configured in the 

DMA descriptor, which well meets the requirements of 

versatility and flexibility of DMA controller. 

2. OVERALL STRUCTURE DESIGN OF 

ACCELERATED DMA CONTROLLER 
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Figure 1. Overall structure of DMA controller 

The DMA controller in this paper is an accelerated circuit 

based on AXI bus, which mainly implements hardware 

acceleration processing on the process of CPU parsing 

descriptor, which replaces the traditional idea of using 
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software to process descriptor and further improves the 

efficiency of data moving. As shown in the figure 1, the 

controller can be divided into write operation and read 

operation according to command types. It can be divided into 

external interface circuit and internal logic circuit of controller 

by function. Therefore, the accelerated DMA controller 

peripheral interface circuit designed in this paper includes 

master interface module based on AXI bus, which is used for 

request and transmission in the process of data moving. The 

internal circuit of the controller mainly includes the hardware 

module which can accelerate the parsing descriptor, the multi-

channel monitoring and arbitration module, the DMA 

descriptor processing module, the data request and processing 

module, the data verification module, the data move status 

information module and the register module. 

3. CIRCUIT STRUCTURE DESIGN 

3.1 THE CIRCUIT OF ACCELERATED 

PARSER DESCRIPTOR 
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Figure 2. Split the DMA command state transition graph 

As shown in Figure 2, this module is the core circuit for 

accelerating analytic descriptors in the accelerable controller, 

and the logic for accelerating processing descriptors is 

implemented by the state machine logic in the figure above, 

and corresponding command processing is carried out 

according to different command types. We can find in Figure 

2, the core idea of this module is to split and reassemble DMA 

descriptors by hardware on behalf of the CPU, allowing the 

CPU to handle other tasks in the meantime. The module has a 

FIFO data cache module, which is used to synchronize DMA 

requests from software or other hardware modules. Then, the 

internal state machine is triggered to read, parse, split and 

store the descriptors inside the FIFO. There are 8 independent 

channels in the module, which can be deeply configurable, 

used to store the DMA descriptors and Entry information after 

splitting, in order to meet the needs of processing different 

types of DMA commands. The number of DMA requests 

received by each channel and the response after processing are 

maintained by the pointer inside the channel. 

3.2 MULTI-CHANNEL MONITORING 

CIRCUIT 
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Figure 3. Channel monitoring module design diagram 

As shown in Figure 3, the core of this module is to design 

multiple monitoring circuits to work in parallel, which is used 

to monitor the change of all channel read and write Pointers in 

DMA controller. If the pointer changes, the state machine will 

be triggered to acquire tasks in the corresponding channel, and 

then the DMA controller will be further triggered to work, and 

the acquired commands and channel pointers will be analyzed 

and processed. We can find in Figure 3, at the same time, the 

monitoring circuit further calculates the remaining DMA 

commands in the channel according to the changes of the 

pointer, compares the pointer data maintained locally with 

that in the channel, and determines the state of all channels. If 

the Pointers maintained by both are consistent, the channel is 

in idle state; on the contrary, the corresponding channel is 

undergoing data processing. Finally, the read pointer of the 

channel is updated to Local Memory module. 

3.3 READ DATA REQUEST CIRCUIT 

Dma cmd bufferCmd Parser

Entry buffer

Data param 

buffer

Entry read 

request

Entry read 

completion

Bulk data read 

request

Local 

Memory

Bulk data buffer
Bulk data read 

completion

DDR

CRC_parser

Entry_ptr Req_entry

READ DATA 

MOVER

Figure 4. Read data request state transition diagram 

As shown in Figure 4, this module mainly caches the 

command information from other module into the internal 

cache, then parses the command information in the cache area, 

and initiates an Entry information request to Local Memory 

according to the storage address of the Entry information 

contained in the parsed information. Store the requested Entry 

information in the local Entry Buffer. When the internal state 

machine detects new data in the Entry Buffer, we can find in 

Figure 4, it will parse and process the entry in the local buffer. 

The internal logic of the module will obtain the actual address 

and data length of the data, and then trigger the control circuit 

of the state machine to send a request for origin data to the 

DDR. When the data request is complete, the data and control 



International Journal of Computer Applications Technology and Research 

Volume 12–Issue 04, 08-11, 2023, ISSN:-2319–8656 

DOI:10.7753/IJCATR1204.1003 

www.ijcat.com  10 

 

information are synchronized, and then transmitted to the 

others module for processing. 

3.4 DATA VERIFICATION CIRCUIT 
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Figure 5. CRC16-CCITT check hardware model 

 As shown in Figure 5, the data verification method used in 

this design is Cycle redundancy Check (CRC) algorithm. The 

module through the hardware way to describe the circuit. The 

basic idea of CRC check is to use linear coding theory, that is 

according to the K-bit binary sequence transmitted at the 

sending end of data, to generate a set of check codes for check 

according to certain check rules, whose bit width is r, that is 

CRC codes. In the process of data transmission, CRC codes 

are added to the tail of user data to form a new set of binary 

sequences. At the receiving end, according to the data 

information and CRC code verification rules, to determine 

whether the data transmission in the process of error. If there 

is no remainder in the result of data verification at the 

receiving side, it indicates that the data transmission is 

correct. Otherwise, the error location of the transmitted data 

can be inferred according to the remainder. The figure above 

shows the hardware circuit model under the CRC16-CCITT 

protocol.  

3.5 WRITE DATA TRANSMISSION 
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Figure 6. Write data transfer state transition diagram 

The working principle of this module is the same as that of the 

data reading request module. we can find in Figure 6, The 

core logic of this circuit is mainly to cache the command 

information from the command parser module into the 

internal cache area of this module, and then parse the 

command in the cache area. Then a request for Entry 

information is sent to the Local Memory according to the 

destination address information of entry stored in the DMA 

command. The verified data and the entry information 

returned by the request are synchronized and matched through 

the state machine inside the module, and the information is 

written to the destination through the AXI bus. The above 

state machine used for data transmission is shown in Figure 6. 

The data transmission process of the state machine can be 

roughly divided into two parts. First, according to the control 

information in the entry, the data within each entry is 

transmitted; then, according to the effective identifier of the 

control information, the data transmission of the entire 

command is completed by the state machine. 

3.6 FIXED PRIORITY ARBITRATED 

CIRCUIT 
The monitoring circuit of this module will monitor the update 

of internal commands of all channels at the same time. If 

multiple channels receive new data moving commands at the 

same time, and the DMA controller only processes commands 

of a specific channel each time, the preemption of hardware 

resources by multiple channels will be involved. In this case, 

the quorum module is required to determine which channel 

uses the hardware resources. Because in this scenario, 

different channels correspond to different hardware devices, 

the arbitration module in this design adopts the arbitrator with 

fixed priority, that is, the priority of each channel is fixed. If 

multiple channels simultaneously initiate resource occupation 

requests, the channel with higher priority will be granted the 

channel use right. 

4. ANALYSIS OF SIMULATION 

RESULTS 

 

Figure 7. Data simulation results 

The design follows the collaborative verification method of 

hardware and software, and uses the VCS simulation software 

to build the verification environment. It mainly verifies the 

single data transmission mode, linked list data transmission 

mode, accelerated analytic descriptor function, multi-channel 

monitoring function, arbitration function and interface 

transmission function of DMA controller. Through the report, 

we can find that the above functions are consistent with the 

expected hardware behavior. The data can be moved 

normally. This Design is based on SMIC's 0.18um process 

library and synthesizes the controller with Design compiler 

software. The working frequency of the controller can reach 

500M, the power consumption is 1.3mw, and the data 

throughput rate can reach 40Gbps. 

5. CONCLUSIONS 
In this paper, an accelerated DMA controller interface circuit 

based on AXI bus is designed, which has the characteristics of 

high bandwidth and low power consumption. In the read and 

write transmission circuit, there are 8 independent channels, 

and the channel depth can be flexibly configured. In order to 

meet different command requirements, and based on the 

SMIC 180nm process comprehensive implementation. The 

performance of design satisfies the expected index. 
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Abstract: This paper analyzes and studies the hardware programmable logic resources on small-scale FPGA chips, providing 

reasonable hardware resource support for subsequent neural network accelerator designs. A flexible 32-bit instruction set is designed 

for control by the Processing System (PS) on the Programmable Logic (PL) side, making motion state detection flexible and 

controllable. When designing the hardware side, this paper uses a resource-sharing strategy, and most of the calculation modules are 

designed using on-chip DSP resources to reduce the resource consumption of the calculation module. An innovative strategy of 

partially not caching the data between layers of the neural network is applied to reduce the demand for on-chip cache. To optimize on-

chip storage space, this article partitions the limited BRAM space on the chip in a reasonable manner and improves the efficiency of 

on-chip data reading and writing through parallel processing, thereby improving the real-time performance of the neural network. 
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1. INTRODUCTION 
Currently, the hardware platforms for computing or 

accelerating convolutional neural network algorithms mainly 

consist of four types: Central Processing Units (CPUs), 

Graphics Processing Units (GPUs), Application-Specific 

Integrated Circuits (ASICs), and Field-Programmable Gate 

Arrays (FPGAs). CPUs are general-purpose processors that 

have strong single-threaded performance and a large amount 

of cache, which is very effective for processing control flow 

and serialization tasks in neural network models. However, 

for compute-intensive tasks, CPU performance may not meet 

the requirements. GPUs are highly parallel hardware 

computing platforms designed to accelerate graphics 

rendering, but due to their highly parallel nature, they are also 

widely used to accelerate the training and inference 

computation of neural networks. Compared to CPUs, GPUs 

have stronger computing capabilities, which can greatly 

reduce the training and inference time of neural networks. 

Although GPUs have an advantage in computing power, their 

power consumption is relatively high. Therefore, energy 

consumption and heat dissipation may need to be considered 

when performing large-scale neural network computations, 

and it may be difficult to apply GPUs on embedded platforms. 

ASICs are customized integrated circuits specifically designed 

for specific applications, and their advantages lie in their high 

performance and low power consumption. In some neural 

network computations that have high requirements for 

performance and energy efficiency, ASICs can provide very 

outstanding performance. However, the design and production 

cost of ASICs is high, and they typically need to be designed 

and manufactured for specific applications. FPGAs are 

programmable logic devices that can implement specific logic 

functions through programming. They can be designed and 

optimized according to specific applications, and therefore, 

they can adapt to new neural network algorithms, models, and 

tasks faster than ASICs. Compared to GPUs and CPUs, 

FPGAs have lower latency and higher computing 

performance, and their power consumption is lower, making it 

easier to apply them on embedded platforms. Currently, 

accelerating neural network computations through FPGAs still 

faces some challenges, such as the high development cost of 

accelerators for specific convolutional neural network models, 

weak portability of accelerators designed for different FPGA 

models, and relatively few open-source materials related to 

accelerating neural network computations using FPGAs. 

These problems to some extent hinder the development of 

FPGAs as accelerators for neural network computations. 

This article studies and designs a hardware accelerator for a 

convolutional neural network model that is used for 

computing motion state detection in a software-hardware 

collaborative manner. The accelerator has the characteristics 

of flexibility, high scalability, and low power consumption, 

which makes it easy to apply to FPGAs with limited hardware 

resources. A set of instruction sets based on this hardware 

computing platform is designed so that users can flexibly 

implement various convolution calculations through different 

instructions. This article optimizes the hardware design of the 

accelerator for a specific convolutional neural network model 

used for motion state detection, using on-chip DSP resources 

to build multiplier arrays and accumulators to complete 

convolution and pooling calculations, and designs an 

activation function calculation module to enable it to run 

smoothly on FPGA platforms with limited resources. Special 

hardware design is also carried out for the reading of image 

data by the hardware computing platform, with limited on-

chip BRAM resources allocated as on-chip memory, and the 

on-chip cache is divided into multiple subspaces. 

2. THE DEVELOPMENT OF FPGA-

BASED NEURAL NETWORK 

ACCELERATORS 
In 1996, Cloutier et al. first used FPGA to perform 

calculations for convolutional neural networks. However, due 

to the limited amount and variety of resources on the FPGA at 

that time, the speed of computing convolutional neural 

networks was very slow. In 2015, Microsoft researchers used 

Intel's Stratix 10 FPGA to accelerate the convolutional neural 

network inference of the deep learning platform Caffe. They 
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used a system called Project Brainwave, which uses a large 

number of FPGAs to achieve low-latency neural network 

inference. On the ImageNet dataset, the system achieved 

higher inference performance than GPUs and has been widely 

used in fields such as speech and image recognition. In 2022, 

the National Space Science Center of the Chinese Academy of 

Sciences proposed a convolutional parallel acceleration 

scheme based on FPGA to improve the speed and energy 

efficiency of convolutional neural networks running on 

resource- and power-limited embedded platforms. They used 

the fusion of convolutional layers and batch normalization 

layers to reduce the complexity of computation, and achieved 

a peak computing performance of 52.56 GFLOPS on the 

ZCU104 platform. The performance is 4.1 times that of CPUs, 

and the energy consumption is only 9.9% of GPUs.. 

3. ACCELERATOR BASED ON FPGA 

3.1 Convolution Calculation Module 
This article presents three parallel multiplier arrays designed 

for simultaneously computing convolution operations on three 

channels in a convolutional neural network. Each parallel 

multiplier array consists of 25 8-bit width multipliers 

generated by DSPs, with a one-clock cycle delay in the output 

of the multiplier. To prevent overflow in the output results, 

the multiplier's output width is set to 16 bits. With this design, 

the parallel computing module can output the results of 75 

multiplication operations in two clock cycles at the highest 

speed. 

Parallel Data 

Module
DSP DSPDSP DSP DSP

DSP DSPDSP DSP DSP

DSP DSPDSP DSP DSP

DSP DSPDSP DSP DSP

Parallel Data 
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Figure. 1  Convolution computing module 

In the convolution operation of a neural network, after 

completing the multiplication operation of a convolution 

kernel, the output results of the multiplier need to be 

accumulated to obtain a complete output result of the 

convolution kernel. This article designs a unified accumulator 

structure using DSPs to construct a stack of adders. The inputs 

of the first-layer adder consist of two data, while the inputs of 

the remaining adders come from the calculation results of the 

previous-layer adder and a new data. After the accumulation 

is completed, the result is output through a register to ensure 

stability, thereby saving the on-chip buffer space required for 

the accumulation process. 
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Figure. 2  Accumulator 

In order to efficiently perform convolution operations, the 

feature maps and weight parameters need to be input into 

parallel multipliers. Since the data is output from BRAM in a 

serial manner, a separate parallel data generation module is 

designed in this paper for data parallelization. This module 

converts the data of the feature maps output from BRAM and 

the data of the convolutional neural network model 

parameters into parallel data by using shift registers. 

Specifically, when the data output from BRAM is valid, the 

control logic outputs a data valid signal. Upon receiving the 

data valid signal, this module stores the data and performs 

shifting operations. When this module has stored all the data 

to be calculated for a convolution kernel, it puts the parallel 

data into the corresponding FIFO. 

8-bit Data 3 8-bit Data 2 8-bit Data 1

8-bit Data 

Input

Data Output  

Figure. 3  Parallel data module 

3.2 Activation Function Calculation 

Module 
This article uses Hard-Sigmoid and Hard-Swish as activation 

functions. These activation functions are different piecewise 

linear functions. Compared with traditional activation 

functions, piecewise linear activation functions can not only 

retain the information of the original signal but also introduce 

non-linear characteristics, enabling the network to better adapt 

to various complex input data. Moreover, they do not involve 

complex exponential calculations that are unfriendly to 

FPGA. Therefore, the structure of the activation function 

calculation module in this article can be designed to be 

relatively lightweight. 

A

B

A

B

#1 cycle

(x)*(x), (A)*(x)

#2 cycle

(x2)+(Ax)

#3 cycle

(x2+Ax)/B

#1 cycle

(A)+(x)

#2 cycle

(x+A)/B

Hard-Swish Hard-Sigmoid

 
Figure. 4  Activation function calculation 
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3.3 Instruction 
The instruction set designed in this article adopts a 32-bit 

width, which is the same as the register width of the ARM 

Cortex-A9 processor. Using one register can store all 

instruction information, thus reducing the hardware resource 

consumption on the programmable logic side. This instruction 

set covers the basic information required to perform one 

convolutional neural network calculation, including the 

calculation operation type, input feature map size, input 

channel number, output channel number, convolution kernel 

size, padding size, stride size, and so on. Among them, the bit 

width used for the calculation operation type is 4 bits. 

type of 

instruction

4-bit 7-bit

Feature map 

size

9-bit

Input channel 

number

9-bit

Filter 

number

1
-b

it

1
-b

it

1
-b

it

Filter size, fill, 

step size

32-bit  
Figure. 5  Instruction composition 

3.4 Memory on Chips 
There is programmable BRAM memory in FPGA, which is a 

dual-port memory based on on-chip resources of FPGA. It can 

achieve high-bandwidth and low-latency storage access.  

RAM3

RAM2

RAM1

Feature map RAM

RAM

Parameter RAM

RAM3

RAM2

RAM1

Feature map cache RAM

RAM on-chip

CPUDDR3

Calculate

AXI-Full Slave

 
Figure. 5  RAM on-chips 

The data structure of the on-chip RAM storage space is shown 

in the following table. 

Table 1. The data structure for storing data in RAM 

RAM Width(bit) Depth Capacity(Mb) 

FM-RAM1 8 102400 0.78125 

FM-RAM2 8 102400 0.78125 

FM-RAM3 8 102400 0.78125 

P-RAM 8 20480 0.15625 

FMC-RAM1 8 53248 0.40625 

FMC-RAM2 8 53248 0.40625 

FMC-RAM3 8 53248 0.40625 

 

 

4. ANALYSIS OF RESULTS 
The development environment for the convolutional neural 

network accelerator designed for motion state detection in this 

article is Xilinx's Vivado 2018.3. The experimental platform 

uses the XC7Z020-CLG400-2 chip from the ZYNQ-7000 

series. 

 

Figure. 6  Simulation waveform of the convolution calculation 

In order to evaluate the error caused by quantized 8-bit 

parameters in this article, the following figure shows the error 

in each interval when performing operations on quantized 8-

bit data for Hard-Swish and Hard-Sigmoid. 

 

Figure. 7 Error of activation function 

The Hard-Swish and Hard-Sigmoid activation functions have 

fixed value ranges, resulting in relatively small errors outside 

the range of [-3, 3]. Based on statistics, the average error 

caused by the Hard-Sigmoid within the range of [-3, 3] is 

6.197×10-4, while the average error caused by the Hard-Swish 

is 8.135×10-4.  

The improved LeNet-5 was tested on the MNIST dataset, and 

the inference results were validated using both hardware 

computation and simulation.  

Table 2. The data structure for storing data in RAM 

 LeNet-5 

Original model 96.5% 

Accelerator 96.1% 

 

To ensure the operational efficiency of the convolutional 

neural network accelerator and improve the real-time 

performance of motion detection, it is necessary to increase 

the operating frequency of the accelerator within a reasonable 

range. In this article, the entire convolutional neural network 

accelerator was tested using clock frequencies of 150MHz, 

180MHz, and 200MHz, respectively. 
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Table 3. The performance of accelerator 

Clock frequency(MHz) Performance Power(W) 

150 10.60GOPS 3.293 

180 12.67GOPS 3.354 

200 14.12GOPS 3.401 

 

5. CONCLUSION 
This paper investigates the acceleration of convolutional 

neural networks based on FPGAs, and proposes a motion state 

detection platform with high flexibility and lower power 

consumption, and runs on top of a chip of limited size, highly 

utilizing the on-chip BRAM and DSP resources, making it 

advantageous for embedded devices. 
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Abstract: World transformation has meaningfully abridged the chief gas, diesel, and coal power sources. Therefore, substitute power 

sources based on renewable energy mainly focus on fulfilling the energy demand of the world and avoiding global warming. Among 

different energy sources, solar energy is the critical substitute energy source for producing electricity using photovoltaic (PV). 

Conversely, energy engendering performance is highly dependent on cyclical and environmental factors. The changeable version of 

the environment shakes energy productivity and tends to create a disapproving influence on constancy, dependability, and the grid 

process. Therefore, a precise prediction of PV productivity is critically required to guarantee the endurance and reliability of the grid. 

The detailed study reviews the perilous techniques based on PV forecast using machine learning techniques. This paper summarizes 

different types of renewable energy with their merits and demerits. This paper also demonstrates the key challenges existing in 

renewable energy using machine learning and various artificial intelligence applications in real-life scenarios. Finally, an inclusive 

analysis of machine learning techniques in renewable energy through a detailed literature survey is presented to forecast energy 

production shortly better. 

 

Keywords: Artificial intelligence, machine learning, renewable Energy

1. INTRODUCTION 
Electrical energy plays a significant role in today's era due to 

the demand for globalization in the world. Earlier, oil and coal 

natural gas were remnant energies used to produce electrical 

power [1]. Though these cradles of energies are contenting 

electricity petition, its enormous custom has instigated 

massive reduction of relic energies and ecological glitches [2]. 

The cohort of electricity from remnant energy power 

shrubberies has produced foremost effluence in CO2 release 

and conservatory gas (GHG) emanation, therefore foremost to 

foremost environment vicissitudes everywhere of the world 

[3]. Custody, in the opinion of this evidence, the custom of 

substitute foundations of energy to encounter electrical 

petition has been discovered intensively [4]. Amid these 

substitute possessions, renewable energy has increased 

primary attention universally. Energy creation from RESs is 

ecologically approachable, with precise GHG production, 

long-lasting and fewer charge than conservative dynamism [5] 

sources. Among various kinds of RESs PV plays a dictate role 

in diffusion degree in energy arcades because of solar energy 

of sun-provided ended atmosphere [6]. As per the study, the 

amount of received energy from solar radiation is 1.8 × 1011 

MW. It is probable maintainable energy created from solar 

with the attention of investors, policymakers, environmental 

technologies, and governments [7]. Therefore, PV has a large 

prospective in town and rural electrification [8]. Solar Energy 

is being used in various forms, such as cooling, heating, 

energy creation, mutual power, and unreceptive system [9]. 

PV system also includes minimum preservation cost,  

 

prolonged lifetime, and connection cost compensation within 

a specific time [10]. 

 

2. REALTED WORK 
Gautam et al. [11] proposed a framework to enhance solar 

energy power to the grid and solar on a similar node by using 

similar switching technology with the help of a decision tree 

ML-based algorithm in a python framework. Hybrid ML 

technique with extensive data analysis proposed by Sharmila 

et al. [12] for optimization distribution of existing energy 

sources targeted to intelligent power management. Alkhnadari 

et al. [13] developed a machine learning-based hybrid model 

called MLSHM, which merges ML techniques using the 

statistical technique for further precise forecasting of future 

solar energy production using energy plants based on 

renewable energy. Traditional functions are used to develop 

MLSHM model, and these functions are given below: 

))1()(()( rrr bthutxwtr +−+=                    (1) 

))1()(()( zzz bthutxwtz +−+=                 (2) 

))1(*)(()(()(
^

hhh bthtrhutxwth +−+=          (3) 

)(*)()1(*))(1()(
^

thtzthtzth +−−=                 (4) 

 

The appropriate symbols used in Eq. (1)-(4) are symbolized 

by author in [13] 

 An intelligent system model MERIDA is implemented by 

Marijana et al. [14], which assimilates the collection of big 
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data and forecast model of power utilization for every power 

source in public construction. The computation function used 

to develop this model is as follows: 
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iic xwfy                             (5) 

where yc is the calculated output and xi, and wi represents the 

elements of input and weight vectors X and W. Som et al. [15] 

developed heuristic methods called SOC to assess the formal 

of responsibility of lead–acid succession through optimum 

energy cohort in a separate amalgam wind-solar renewable 

energy distribution method. The specific vector used to design 

the process is as follows: 
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The author in [15] has elaborated on specific notations and 

symbols used in Eq. (6). Two various ML-based algorithms 

ELMS and MOGAs, have been proposed by Ronay et al. [16]. 

Developed techniques are implemented for immediate 

airstream rapidity forecast from basic information customary 

of hourly airstream rapidity capacities for Canada and Regina 

in Saskatchewan. The basic predictions intervals used to 

develop both ML-based techniques are as follows: 
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The appropriate symbols and notations used in Eq. (7)-(9) 

have been described by the author in [16]. Musaylh et al. [17] 

developed an ANN model that applied forecast variables for 

6-hour (h) and daily prediction power demand (G) 

conjecturing. The response parameters comprised 6 pertinent 

weather parameters SILO and 51 Re-investigation parameters 

attained from ECMWF models. To develop ANN model, a 

particular technique is used: 
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The author in [7] has summarized symbols and notations 

mentioned in Eq. (10). REMS technique has been proposed by 

Prakash et al. [18] that efficiently changes conceivable lots to 

renewable thrilled native power storing centered based on 

charge-discharge dealings and grid obtainability thus plunging 

energy ingesting from the grid. Perera et al. [19] proposed 

HOA technique by uniting Replacement and AEM in directive 

to haste up optimization procedure though upholding 

correctness. The efficiency of the solar panel used in the 

proposed technique can be calculated as follows: 
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        (11) 

The author in [19] describes specific notations and symbols 

used in Eq. (11). CRO approach has been developed by Sanz 

et al. [20], which syndicate dissimilar exploration appliances 

into a solitary technique, giving a worldwide exploration 

process of extraordinary excellence. A wrapper method is 

used as: 




,

* )),()),(,(min(arg = yxdpxfyvo
        (12) 

The author in [20] has elaborated on notations and symbols 

used in Eq. (12). Zhang et al. [21] proposed IESs technique 

for monitoring the power adaptation has developed an 

operative technique for refining grid litheness and 

plummeting functioning charge of IESs. A specific function is 

used to design IES technique. 

)()( tPCOPt HPaveth =                       (13) 

Ahmad et al. [22] developed diverse regions of definite 

conservational and power ingesting statistics that are acquired 

for effort specifications assortment and demonstrating 

examination. The specific formula is used for developing 

diverse regions: 
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The author in [12] has elaborated on precise symbolizations 

used in Eq. (14). Assessment of various ML techniques used 

in renewable energy is given in Table 1. 

Table 1: Assessment of various ML techniques used in 

renewable Energy 

ML 

Technique 

Advantages Disadvantages 

ML Enhances solar power When employees on 
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Framework 

[11] 

usage, collects real-time 

data, exports data 

prediction strategy, and 

reduces electricity cost. 

large scale affect 

other environmental 

factors. 

Hybrid ML 

[12] 

Substantial gain ensures 

innovative energy 

management leads and 

relevant data collecting. 

Electricity 

streamlining data 

demand is very high. 

MLSHM 

[13] 

Achieves higher 

accuracy, and collects 

data very efficiently. 

Training set 

parameters need to be 

tested. 

MERIDA 

[14] 

Improves energy 

efficiency, enables 

reconstruction 

management plan, and 

minimizes power 

utilization. 

Potential intelligent 

power management 

using macro and 

micro ML techniques 

should be enabled. 

SOC [15] Utilizes standalone 

renewable power and 

optimized renewable 

sources. 

Enhances electricity 

and design costs. 

ELMS and 

MOGAs 

[16] 

Employee's good 

precision prediction 

predicts airstream. 

Need help finding out 

the methodical 

analysis impact on 

hidden neurons. 

Hybrid 

ANN 

Model [17] 

Calculates forest 

indecision provides 

high accuracy, and 

covers multiple 

horizons.  

Need to improve 

forecasting accuracy. 

Consumes more 

electricity. 

REMS [18] Minimizes power 

utilization, and provides 

better accuracy. 

On large scale 

performance of 

REMS decreases. 

HOA [19] It provides better 

accuracy, reduces 

operational time, and 

saves energy. 

Unable to provide 

energy necessity 

generation on a 

regional scale. 

CRO [20] It improves wind speed 

direction and gives an 

admirable prediction. 

Need to explore new 

methods of deep 

learning in big FSP. 

IES [21] Solves DM problems, 

and adapts energy 

conversion ratio. 

Need help to work 

with a multi agent. 

CA & CN 

[22] 

Improves prediction 

accuracy, and reduces 

operational cost. 

Performance 

degrades with the 

selection of ultra-

short and ST energy. 

 

3. RENEWABLE ENERGY AND ITS 

TYPES 
Renewable energy, frequently mentioned as spotless energy, 

originates from natural cradles or continually replaced 

procedures. Such as airstreams or sunlight preserve admirable 

and blustering, and their obtainability is contingent on 

weather and period [23, 24]. 

3.1 Solar Energy 
Hominids have been binding solar power for a whole year to 

produce harvests, stay earnest and parched foods. As per 

NREL, new power from the sun sprays on the ground in a 

single hour and is used by everybody in the ecosphere 

throughout the year. In today's era, sun rays are used through 

different types, including warmth hospices and trades, warm 

marine, or energy devices [25]. 

3.2 Wind Energy 
We have returned from windmills of old fashioned, now day 

turbines as high as towers using turbines closely as extensive 

in thickness standpoint at courtesy everywhere the ecosphere. 

Breeze power chances a turbine's knife-edges, which fodders 

a power-driven producer and harvests power. Airstream, 

which explanations for slightly more than 6 % of U.S. cohort, 

has developed an inexpensive power source in various 

portions of the nation [26]. 

3.3 Hydroelectric Power 
Hydropower is a prevalent renewable power cradle for power 

in the United States. However, airstream power is rapidly 

predictable to revenue over the chief. Hydropower trusts on 

water characteristically rapid marine in an extensive waterway 

or quickly sliding marine from a high theme and changes the 

strength of marine into power by rotating a generator’s turbine 

knife-edges [27]. 

3.4 Biomass Energy 
Carbon-based biomass derives from florae and faunae and 

comprises trees, waste wood, and crops. Once the biomass is 

scorched, the biochemical energy is unconfined as warmth 

and can produce power with a vapor turbine. Biomass is 

frequently incorrectly pronounced as spotless, renewable 

firewood and an olive green substitute to firewood and further 

relic coals for creating power [28]. 

3.5 Geothermal energy 
If you are always unperturbed in the warm mainspring, you 

use geothermal energy. The ground's core is warm as the sun's 

superficial because of the sluggish deterioration of harmful 

atoms in pillars at the earth's midpoint. Puncturing bottomless 

shafts carries subversive hot water to superficial as a 

hydrothermal source, formerly impelled over a turbine to 

generate power [29]. 

3.6 Ocean 
Tidal and wave power energy are quiet in the growing stage, 

but oceanic will continually be lined by the moon's 

magnitude, which brands yoking its influence and a beautiful 
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selection. Specific tidal energy methods may damage the 

environment, e.g., tidal bombardments that seem like barriers 

and are situated in a marine inlet or cove [30]. 

3.7 Solar Power 
At the lesser gauge, we can yoke the sun's emissions to 

influence the entire community, whether over PV cubicle 

plates or inert solar home-based enterprises. Inert solar 

households are intended to be comfortable in the sun over 

south-facing spaces and then recollect the balminess through 

concrete tiles, bricks, and other resources that stockpile 

warmth [31]. 

3.8 Geothermal Heat Pumps 
A geothermal system is a novel revenue on an identifiable 

procedure. The loops at the spinal of your fridge are a slight 

warmth impel, eliminating warmth from the inner to save 

nourishments renewed and unruffled. At home-based, 

geothermal impels custom the ground's constant temperature 

to calm households in the summertime and earnest households 

in wintertime and smooth to warm water [32]. 

3.9 Hydrogen 
Hydrogen desires to be joined with extra rudiments, such as 

oxygen, to create water, not to happen logically to gas on its 

individual. While hydrogen is unglued from alternative 

components, it can be second handled together with petroleum 

and Energy [33]. Merits and demerits of different renewable 

energies have been shown in Table 2. 

Table 2: Renewable energy merits and demerits 

Types of 

Energy 

Merits Demerits 

Solar 

Infinite functionality 

of sunshine, 

unlimited supply of 

solar energy. 

Solar Energy is an 

impractical cost 

for some 

households.  

Wind 

Its unsoiled energy 

source avoids air 

pollution; it does not 

produce CO2 and 

other harmful 

products. 

It increases the 

cost of transition 

lines. Some cities 

oppose rising 

noise pollution; 

certain birds are 

killed by striking 

the turbine while 

flying. 

Hydroelectric 

It is used for projects 

working on a large 

scale. Such as 

hoover dam, and 

also covers small 

projects, including 

small dams on small 

rivers.  

It creates 

disturbance and 

negative distress 

for animals and 

living lives. It also 

changes water 

status and 

ecosystems. 

Geothermal 

It signifies the 

potential of energy; 

it avoids footprints 

on the earth.   

It takes maximum 

cost to build 

infrastructures and 

susceptibility to 

the earthquake. 

Ocean 

It is predictable 

energy, more 

reliable, and 

plentiful; it is a clean 

energy source. 

It disturbs the 

ocean 

environment, 

habitats, and sea 

life, and rough 

weather creates 

lower energy. 

Hydrogen 

It is used as a clean 

scorching fuel and 

creates low 

pollution. 

It is incompetent 

when it originates 

to stop 

contamination. 

Biomass 

It is used for 

personal use at 

home, in business, 

and in our daily 

lives. 

Though fresh 

florae require 

carbon dioxide to 

cultivate, florae 

revenue time to 

cultivate.  

 

4. AI APPLICATIONS IN RENEWABLE 

ENERGY 
Investigators and corporations are sightseeing customs 

to influence AI and recover the competence and 

convenience of predictable power technology. These 

tools work within three predictable energy compasses: 

Energy Forecasting, Energy Efficiency, and Energy 

Accessibility [34]. 

4.1 Energy Forecasting 

4.1.1 Nnergix 
It touches the energy source produced from atmosphere-

reliant power such as solar and wind; it tends to challenge 

renewable power. Nnergix is called predicting application 

based on web and data mining energy. Nnergix uses data from 

satellites and trains that data using ML to analyze companies' 

data to be better accurate and predict [35]. 

4.1.2 Xcel 
Xcel is applying AI that goals at lecturing the contests allied 

with the undependability of climate-reliant power sources 

such as wind and solar. Xcel can express energy sources will 

vary in métier. Xcel is applied in retrieving climate 

intelligence having sophisticated correctness and glowing 

comprehensive [36]. 

4.2 Energy Efficiency 

4.2.1 Google DeepMind 
Google brings this AI application in 2014 to improve energy 

usage. It aims to decrease power ingesting and releases 
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subsequent when power is recycled. The application is 

utilized for cooling Google's information servers by 40 %, 

minimizing power utilization and bills [37]. 

4.2.2 Verdigris Technologies 

This scheme deals an s/w technology that influences AI to 

enhance power ingesting. It is intended for big profitable 

constructions and executives of innovativeness amenities. The 

connection procedure instigates with IoT h/w connection. 

Shrewd sensors are devoted to the customer's electrical board 

to discover power ingesting [38]. 

4.3 Power Efficiency 

4.3.1 Verv 
It is a powered-based AI and is being used as a homegrown 

subordinate in power organizations. It delivers data on 

household utilization power utilization. Verv allows the 

employer to understand annals in what way every utilization 

at household customs power. It also assistances consumers in 

controlling their power expenditures [39]. 

4.3.2 PowerScout 
Its goals at refining punter tutoring and admittance to the 

renewable power system. It customs AI-based model possible 

reserves on usefulness prices consuming manufacturing data. 

PowerScout influences analytics of data to recognize "shrewd 

homespun development" based on exclusive topographies and 

power customs at household customers [40]. 

5. CHALLENGES IN RENEWABLE 

ENERGY 
Renewable energy is demarcated as power composed of 

natural assets. Newly, there has been rising attention to 

renewable power and converted one of the critical causes of 

energy cohort. Unmoving, there are numerous disputes and 

contests specified as [7]: 

5.1 Availability of Power 
The significant anxieties in renewable power are energy 

cohort contingent on usual assets that are irrepressible by 

persons. Such as, solar power current is produced only when 

sunlight is obtainable and goes off at nighttime; airstream 

energy also be influenced by the obtainability of the airstream. 

Therefore, if the airstream hustle is exactly little, turbines will 

not cause seizure, resulting in zippo energy movement to 

gridiron [9]. 

5.2 Issue in Power Quality 
Dependably extraordinary energy excellence is desired to 

guarantee constancy and extraordinary competence of the 

system. The excellence of the energy source permits the 

scheme to effort glowing with super dependability, and 

inferior outlays [13]. 

5.3 Resource Location 
Maximum renewable power florae that stake their power with 

the grid necessitate ample space. Maximum, renewable power 

generations are verbalized by the position which can be 

repellent to consumers. Certain renewable power generations 

are not obtainable in different areas [29]. 

5.4 Information Barrier 
Improvement in this field is going on; deficiencies exist 

regarding information and consciousness, almost the welfare 

and requirement of renewable power. Speculation and assets 

stipends have been completed and are obtainable for enacting 

renewable vitalities. The vibrant necessity for administration 

assistance to support and guide contenders and possible 

receivers how smearing for renewable power inducements 

[33]. 

5.5 Cost Issue 
The extraordinary preliminary connection fee is a key sprint 

in improving renewable power. Though the enlargement of 

petroleum herb necessitates around $6 apiece megawatt, it is 

clear that airstream and solar energy shrubberies are also great 

essential speculation. Therefore, stowing methods of the 

produced power is affluent and signify an actual contest in 

megawatt fabrication [38]. 

 

6. CONCLUSION 
Current energy production and dissemination technology 

tendencies demonstrate that the smooth diffusion Grid has 

enlarged significantly. End manipulator utilizations are 

satisfying further slightly to energy excellence condition. This 

scenario offers a methodical evaluation of sources of energy 

excellence difficulties connected with renewable dispersal-

produced systems (airstream and solar power). Power reduces 

with airstream infiltration and intensification with solar 

infiltration. In this paper, specific issues and challenges have 

been discussed in current renewable energy, paving the path 

for future investigations for researchers. The paper also 

discusses various types of renewable energies with its merit 

and demerits. Most recent applications in renewable energy, 

which show the basic idea for researchers for further 

improvements in energy generation, are also discussed. 
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Abstract: With the progress of integrated circuit technology, the intrinsic gain of transistors has become increasingly low, and the power 

consumption and complexity of OTA operational amplifiers have become higher, increasing the overall design difficulty of pipeline 

ADC. In order to improve the gain of the operational amplifier, improve the overall accuracy of the ADC, and reduce circuit power 

consumption, a 14-bit 20MSPS analog-to-digital converter with a pipeline structure of 2.5bit-2.5bit-2.5bit-2.5bit-2.5bit-2.5bit-2.5bit-

2.5bit-2bit was designed using the SMIC 40nm process and analog drive digital technology under a 1.2V power supply voltage based 

on a new type of ring amplifier.The simulation results show that the SNDR of the input low-frequency signal pipeline ADC is 70.47dB, 

the SFDR is 85.5dB, and the ENOB is 11.45bit. When inputting high-frequency signals, the SNDR of the pipeline ADC is 68.35dB, the 

SFDR is 81.3dB, and the ENOB is 11.07bit. 

 

Keywords: Ring amplifier; OTA, pipeline ADC; AP-CMOS; fully differential; MDAC 

 

1. INTRODUCTION 
Currently, most pipeline ADC structures use traditional 

operational transconductance amplifiers (OTAs) or open loop 

amplifiers as interstage operational amplifiers, and the power 

consumption in pipeline ADC mainly comes from the 

operational amplifiers in each stage of MDAC[1]. Operational 

amplifiers in MDAC generally require very high gain to ensure 

transmission accuracy. With the progress of integrated circuit 

technology, the intrinsic gain of transistors has become 

increasingly low. In order to ensure the high gain of operational 

amplifiers, the use of gain bootstrapping, digital calibration, 

and other technologies have made the power consumption and 

complexity of circuits higher, and increased the overall design 

difficulty of ADCs. In order to improve the gain of operational 

amplifiers, improve the overall accuracy of ADC, and reduce 

circuit power consumption, the industry has been looking for a 

new type of operational amplifier that can replace traditional 

OTAs for pipeline ADC structures. 

Table 1. Comparison of Common Operational Amplifiers 

Amplifier type Gain Power Linearity 

Traditional OTA limited high secondary 

Open loop amplifier secondary secondary low 

Dynamic amplifier high very low low 

Ring amplifier very high low high 

 

With the power supply voltage is 1.2V, using traditional 

Cassode high-gain OTA as an operational amplifier will result 

in insufficient voltage redundancy. In order to ensure low 

power consumption while reducing the use of gain 

enhancement techniques, the gain of OTA will also be greatly 

limited. In order to avoid the problems of insufficient gain and 

high power consumption caused by traditional operational 

amplifiers, academic circles have also proposed solutions such 

as open-loop amplifiers[2], dynamic amplifiers[3], and ring 

amplifiers. A comparison of commonly used operational 

amplifiers is shown in Table 1. In practical design, open loop 

amplifier structures have PVT performance issues, and 

calibration techniques are often needed to ensure their gain. 

Dynamic amplifiers have fast amplification speed and low 

power consumption due to their switch controlled operation. 

However, due to their open loop structure, their accuracy and 

linearity are relatively low. 

Ring Amplifier was first proposed and applied to pipeline ADC 

in 2012[4]. It has very high gain and rail to rail output swing, 

and its power consumption is very low. It meets the 

requirements of pipeline ADC for high gain and low power 

consumption of operational amplifiers, perfectly replacing 

traditional OTA operational amplifiers, and meets the overall 

design requirements of pipeline ADC. 

In this paper, based on the SMIC 40nm process in SMIC 

International, a 14-bit 20MSPS high-precision analog-to-

digital converter with a pipeline architecture of 2.5bit-2.5bit-

2.5bit-2.5bit-2.5bit-2.5bit-2bit is designed using a ring 

amplifier at a 1.2V power supply voltage.The simulation results 

of the circuit built by Cadence show that the ADC meets the 

required indicators. 

2. CIRCUIT IMPLEMENT 

2.1 ADC Circuit Structure 
The 14 bit 20 MSPS pipeline ADC designed in this article 

adopts a pipeline structure after considering redundancy bits. 

The sub level structure is shown in Figure 2.1. The pipeline 

ADC is mainly composed of six sub conversion stages and one 

level Flash-ADC, digital circuits, and clock circuits. Sub-ADC 

adopts Flash-ADC structure. MDAC (Gain Digital to Analog 

Conversion Unit): A new ring amplifier structure is used to 

perform digital to analog conversion of sub ADC outputs and 

amplify residual signals. 

 



International Journal of Computer Applications Technology and Research 

Volume 12–Issue 04, 23-26, 2023, ISSN:-2319–8656 

DOI:10.7753/IJCATR1204.1006 

www.ijcat.com  24 

 

 Figure. 2.1  The sub level structure of pipeline ADC 

Each stage of the pipeline ADC consists of Sub-ADC, Sub-

DAC, and subtraction operational amplifier circuits, wherein 

the MDAC consists of a switched capacitor circuit and an 

operational amplifier. The slew done signal generated by the 

dead band voltage of a fully differential ring amplifier is used 

to convert the input analog signal into an output that is close to 

a digital signal. The generated signal is used to start the next 

level ADC circuit, reducing the impact of clock jitter signals on 

each level of the waterline circuit, and improving the signal to 

noise ratio of the ADC. 

2.2 Ring amplifier 

2.2.1 Ring oscillator structure 
The structure of a ring amplifier is derived from a ring 

oscillator, which has a similar circuit structure to that of a ring 

oscillator. A ring oscillator composed of a three-level CMOS 

inverter is shown in Figure 2.2. 

 

Figure. 2.2 Ring oscillator structure 

The amplification function of a ring amplifier is modified based 

on a ring oscillator, which is created by dividing the oscillator 

into two signal paths and embedding different offsets in each 

path[5].When placed in switched capacitor feedback, a set of 

internal mechanisms generates stability and allows the 

oscillator to act as an amplifier. 

2.2.2 Switched capacitor ring amplifier 
Although the basic structure of a ring amplifier is simple, its 

operating principle is relatively complex. The traditional 

switched capacitor ring amplifier model is shown in Figure  2.3, 

when the loop amplifier is placed in a switched capacitor 

feedback structure and the dead band voltage VDZ is equal to 

0V, the loop amplifier is functionally identical to a three-level 

inverter loop oscillator. 
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Figure. 2.3 Switched capacitor ring amplifier structure 

When the deadzone voltage increases, the output waveform is 

stably formed at the intersection of the deadzone, and both the 

tubes MCN and MCP are closed. At this point, the effective gain 

through the oscillator is zero, so the average gain and 

oscillation frequency decrease. Under certain critical dead band 

sizes, this effect reduces the unit gain bandwidth of the 

oscillator below the frequency corresponding to a 180 ° phase 

delay. When the deadzone is set large enough to produce stable 

settling, a ring amplifier is used as an amplifier, which is 

particularly suitable for working in small size, low voltage 

environments, is not affected by power supply voltage drops, 

and can be amplified with rail to rail output swing. 

2.2.3 Fully differential ring amplifier 
In order to fully utilize the high gain characteristics of a ring 

amplifier while addressing the limitations of a single ended 

structure, Figure 2.4 presents a fully differential ring 

amplifier.In order to make the ring amplifier fully differential, 

we replaced the first stage of two self biased ring amplifiers 

with a single differential pair[6].Based on an ordinary fully 

differential ring amplifier, a novel fully differential ring 

amplifier using a reverse parallel structure and adding a clock 

generation and control circuit is proposed. 
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Figure. 2.4 Fully differential ring amplifier structure 

The improved fully differential ring amplifier is based on a 

resistor self biasing differential structure, with the deadzone 

voltage control circuit changed from a resistor to an AP-CMOS 

structure[7].An en control terminal is added to the gate of the 

AP-CMOS, making it an adjustable CMOS control terminal 

between nodes A, B, C, and D. In the off state (en=0), these 

CMOS structures act as open switches, and the circuit is closed. 

In the open state (en=1), the circuit is of a working AP-CMOS 

ring amplifier structure. The CMOS structure operating in a 

floating battery state increases the maximum overdrive voltage 

of the device, reducing the size required for the circuit, thereby 

reducing parasitic effects within the ring amplifier, and 

improving the speed and efficiency of the overall ring 

amplifier.When using a smaller process size of 40 nm, the 

parasitic effects inside the ring amplifier will be significantly 

reduced. The size of each stage of the ring amplifier transistor 

is different, and the size of the first stage inverter A1 needs to 

be set large enough to increase the non dominant pole 

frequency. The transistor sizes for each stage from A1 to A3 

are sequentially reduced to ensure sufficient phase margin for 

the ring amplifier.The transistor sizes of each amplifier stage of 

a fully differential ring amplifier are shown in Table 1. 

Table 2. Device parameters of ring amplifier 

RAMP NLength NWidth PLength PWidth 

A1 40nm 1um 40nm 3.5um 

A2 40nm 1um  40nm 3um 

A3 500nm 200nm 500nm 900nm 

 

2.3 MDAC circuit  

2.3.1 Capacitance flip MDAC 
The function of MDAC is to subtract the input signal from the 

result obtained by Sub-ADC, then multiply the difference to 
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obtain the residual signal of the ADC at the current level, and 

then transmit the signal to the input terminal of the next 

level.Figure 2.5 shows the structure diagram of a 1.5bit 

capacitor flip type MDAC[8]. 
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Figure. 2.5 1.5bit capacitor flip type MDAC 

For capacitive flip over type MDAC, the capacitance 𝐶𝑠 serves 

as both a sampling capacitor and a feedback capacitor, which 

is a loop feedback capacitor. The total sampling capacitance is 

𝐶𝑠 + 𝐶𝑓, and its feedback coefficient is: 

  𝛽 =
𝐶𝑓

𝐶𝑠+𝐶𝑓
 (1.1) 

During the operation of the MDAC circuit, both the sampling 

phase and the holding amplification phase capacitances satisfy 

the charge conservation principle. At this time, the operational 

amplifier gain is and ignores the finite gain and parasitic 

capacitance effects. The transfer function of the capacitance 

flip type MDAC is: 

 𝑉𝑜𝑢𝑡 =
𝐴

1+𝐴𝛽
(𝑉𝑖𝑛 − 𝐷𝑖 ∙ 𝑉𝑟𝑒𝑓

𝐶𝑠

𝐶𝑠+𝐶𝑓
) (1.2) 

2.3.2 Overall structure of MDAC 
The 14-bit pipelined ADC in this article adopts a capacitance 

flip type 2.5bit per stage MDAC structure, which reduces the 

impact of non ideal factors and reduces the difficulty of 

amplifier design. The overall circuit structure of the MDAC is 

shown in Figure 2.5. 

+

-

6×C

VOUTP
VINP

clk1

clk2

clk1

clkp

ΦDP·Vref

VCM

clkp

VX

2×C

6×C

2×C

clk1

clk1

VINN

DN·Vref
Φ

+

-

clk2

VOUTN

clk1

VY

RAMP

 
Figure. 2.6 Overall structure of MDAC circuit 

Due to the 2.5bit redundant bit design of the MDAC, its 

interstage gain is 4.The MDAC composed of a fully differential 

structure has six sampling capacitors and two feedback 

capacitors on each side. It operates in the sampling and holding 

amplification phases using a bidirectional non overlapping 

clock, and its operating principle is similar to that of a 1.5bit 

capacitor flip type MDAC.The entire capacitance of the 

MDAC circuit during operation satisfies the law of charge 

conservation.The charge transfer equations for the input nodes 

X and Y of the operational amplifier during the sampling phase 

are as follows: 

 𝑄𝑋 = (𝑉𝐶𝑀 − 𝑉𝐼𝑁𝑃) ∙ 8𝐶 (1.3) 

 𝑄𝑌 = (𝑉𝐶𝑀 − 𝑉𝐼𝑁𝑁) ∙ 8𝐶 (1.4) 

Assuming that the number of 1 in each input digital code is n 

while maintaining the amplification phase, the charge transfer 

equations for nodes X and Y are as follows: 

  𝑄𝑋 = (𝑉𝑋 − 𝑉𝑅𝐸𝐹𝑃) ∙ 𝑛𝐶 + (𝑉𝑋 − 𝑉𝑅𝐸𝐹𝑁) ∙ (6 − 𝑛)𝐶 + (𝑉𝐴 − 𝑉𝑂𝑈𝑇𝑃) ∙ 2𝐶

 (1.5) 

 𝑄𝑌 = (𝑉𝑌 − 𝑉𝑅𝐸𝐹𝑁) ∙ 𝑛𝐶 + (𝑉𝑌 − 𝑉𝑅𝐸𝐹𝑃) ∙ (6 − 𝑛)𝐶 + (𝑉𝑌 − 𝑉𝑂𝑈𝑇𝑁) ∙ 2𝐶

 (1.6) 

Without considering the parasitic capacitance at the input of the 

operational amplifier, the charge transfer equation for the 

sampling phase and the holding amplification phase is derived 

from the charge conservation law, and the 2.5-bit capacitance 

flip type MDAC transfer function is: 

 𝑉𝑂𝑈𝑇 =
𝐴

𝐴+4
∙ 4 (𝑉𝐼𝑁 −

𝑛−3

4
𝑉𝑅𝐸𝐹) （1.7） 

In the actual MDAC design, it is necessary to consider the 

limited gain and input parasitic capacitance of the operational 

amplifier, and the actual feedback coefficient of the MDAC 

will become smaller. Using a high-performance ring amplifier 

can improve the overall accuracy of the ADC. 

3. SIMULATION RESULTES 
Perform stability simulation on the ring amplifier, and the 

simulation results are shown in Figure 3.1. From the figure, it 

can be concluded that the low frequency gain of the operational 

amplifier is about 86.79 dB, and the unit gain bandwidth is 

about 670 MHz. At this time, the phase margin is about 62 deg, 

which meets the design requirements of the operational 

amplifier in MDAC. 

 
Figure. 3.1 Stability Simulation of Ring Amplifier

FFT analysis of ADC output data can obtain the spectrum 

characteristics of ADC, and then calculate various dynamic 

indicators.The simulation results of ADC dynamic 

performance are shown in Figure 3.2 and Figure 3.3. 
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Figure. 3.2 Low frequency signal FFT simulation results 

 

Figure. 3.3 High frequency signal FFT simulation results 

The input signal frequency is 0.902099 MHz, the SNDR of the 

pipeline ADC is 70.47 dB, the SFDR is 85.5 dB, and the 

effective bit ENOB reaches 11.45 bits. The input signal 

frequency is 9.024658 MHz, the SNDR of the pipeline ADC is 

68.35 dB, the SFDR is 81.3 dB, and the effective bit ENOB is 

11.07 bit. 

4. CONCLUSION 
Based on the SMIC 40nm process, a 14-bit pipelined ADC with 

a sampling rate of 20 MSPS is designed and implemented under 

a 1.2V power supply voltage. A new type of ring amplifier is 

used, which can generate a slow done signal through an AP-

CMOS structure. This solves the problem of high power 

consumption in traditional OTAs, reduces clock jitter, and 

improves the gain and bandwidth of operational amplifiers in 

the ADC.The simulation results show that when the input 

signal frequency is 0.902099 MHz, the SNDR of the pipeline 

ADC is 70.47 dB, the SFDR is 85.5 dB, and the effective bit 

ENOB reaches 11.45 bits. When the input signal frequency is 

9.024658 MHz, the SNDR of the pipeline ADC is 68.35 dB, 

the SFDR is 81.3 dB, and the effective bit ENOB is 11.07 bit.  
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Abstract: In today's era 5G network is being used globally, and research/technical officialdoms worldwide started work with 5G 
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This paper includes a comprehensive analysis of the development of 6G communication. In this paper, we have discussed diverse 

network generations with specifications and growths, detailed study of different technologies used in 6G communication has been 

elaborated. This chapter also deliberates on upcoming challenges in 6G communication for canvassers. Various 6G application areas 

are also presented in this survey. The critical focus is associated with 6G architecture which includes protocols stacks, coverage, and 

artificial intelligence. This paper aims to give informative direction for consequent 6G communication research. 
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1. INTRODUCTION 
It is flattering ostensible that numerous facets of our 

atmosphere can be observed as a schmoozed ecosphere [1]. 

From broadcasting networks to the worldwide environment, 

highway transportation networks to stock marketplaces, and 

organic to communal systems, enormously interrelated and 

cooperating components create comparatively energetic 

systems in the ecosphere. These methods can be categorized 

as various systems [2]. Multifarious systems investigation can 

be reflected as a science that educates how the fundamentals 

of a system advance its cooperative performances, and system 

interrelates through its surroundings. To comprehend the 

comportment of a manifold system, it is necessary to initially 

understand its essential fundamentals and how they treat 

unruffled to prescribe the comportment of the whole system. 

Multifarious methods and their anticipated comportment often 

include allusions to adaptability, emergence, self-organization 

and development, robustness, resilience, regionalization, and 

speed. Just work emphasizes fundamental features of diverse 

methods in this perspective that can be classified as 

reorganized [3]. Multifarious methods, as linkages of 

interrelating objects, are premeditated empirically through the 

support of a rapid upsurge of available statistics of different 

areas. Concomitantly, these other areas stake numerous novel 

and important hypothetical queries. Portable communication 

systems and particularly 5G and upcoming 6G are 

characteristic illustrations of systems that increase quickly [4]. 

Grasping their difficulty in terms of heterogeneous 

fundamentals and significant level of independence develops 

a foremost obstacle, intimidating to interrupt the material 

rebellion. Conniving, monitoring, demonstrating, and 

observing the performance of such networks are the 

significant challenges that need to be tackled. We requisite 

novel models as we quickly touch from network based on 

fastened classified or semi-classified edifices to expose and 

dispersed schmoozed networks [5]. From a broadcasting 

network's viewpoint, the crucial issue is to acquire how to 

project these networks that can self-establish, adapt and 

improve their connections and tasks in an unremitting and 

healthy way to alleviate customer requests. The diverse 

systems detained can offer replicas, concepts, tools, and 

methods that permit a proper project technique to be 

developed to tackle this main issue [6]. Portable broadcasting 

systems and particularly 5G systems, and forthcoming 6G 

systems, are receiving extra intricate and diverse. The 

symbolic process of these systems through more solid 

placements, additional proper positions, uncountable users, 

and novel tools that are predictable to be announced in 6G 

systems such as Machine Learning (ML), Artificial 

Intelligence (AI), Terahertz (THz) band broadcasting and 

much more [7]. It is again impaired by a tendency to develop 

software of networking specifications and energetic 

adaptation of networked amenities. Multifarious schemes 

could create a valuable and operative contrivance proficient to 

prototypical the specific performance of networks [8].This 

paper presents diverse systems from a broadcasting network's 

viewpoint, enlightening issues and challenges towards 6G 

networks. Work focuses on 5G/6G communication systems, 

but the key focus is on 6G study by evolving 5G. The rest of 

the paper presents 6G architecture, technology, and 

applications. 

1.1 Motivation 
The world has perceived novel network generations each 

decade since the 1980s. Every novel generation provides 

better features than the previous one. In a newly evolving era, 

5G has numerous innovative features. Though, it is suspected 

having multiple deficiencies of 5G when associated with other 

modern ICT substitutes. These deficiencies will be a crucial 

motivation for subsequent new network generation called the 

Sixth Generation of Mobile Communication (6G). 

1.2 Research contribution 
In this chapter, the following key research contributions are: 

• Upcoming challenges in 6G communication for 

canvassers are deliberated.  
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• Various 6G application areas are also presented in 

this survey. 

•  The critical focus is associated with 6G architecture 

which includes protocols stacks, coverage, and 

artificial intelligence.  

• A comprehensive analysis of the development of 6G 

communication is discussed. 

• Diverse network generations with specifications and 

growths are elaborated. 

• The main goal of this chapter is to give informative 

direction for consequent 6G communication 

research. 

 

2. ADVANCEMENT OF MOBILE 

COMMUNICATION NETWORK 
There has been a phenomenal advancement in mobile 

communication networks since the emergence of an analog 

communications network in the 1980s. This advancement is 

not a one-step process but consists of several generations with 

different standards, capacities, and techniques. The new 

generation has been introduced nearly every ten years [9].  

2.1 1G-3G Network 
In the 1980s 1G communication network was presented, 

which was premeditated for voice amenities, with a 2.4 kbps 

data rate. It implemented analog signal to communicate data 

without presentable wireless customary, prominent to 

numerous shortcomings including challenging hand-off, squat 

broadcast competence, and no safety. Associated to 1G 

system, two generations were built on digital intonation tools 

including TDMA and CDMA having data rate up to 64kbps, 

subsidiary voice, and SMS services. All network standards in 

the 2G epoch were GSM. 3G was projected in 2000 to have 

high data transferring speed and provide a 2 Mbps data 

transmission rate accessing the internet [10]. 

2.2 4G Network 
4G was introduced in the 2000s is IP based, which is 

proficiently providing high-speed data rates up to 1Gbits/s. It 

advances phantom competence and decreases expectancy, 

cooperative necessities set by advanced applications such as 

DV), TV contented, and video conversation. Furthermore, 4G 

allows incurable flexibility to offer wireless services 

anywhere and anytime, over instinctive roaming transversely 

topographical restrictions of networks. LTE-A and WiMAX 

are deliberated as 4G ethics. LTE assimilates prevailing and 

novel tools such as CoMP, MIMO, and OFDM [11]. 

2.3 5G Network 
5G communication system has just about accomplished 

preliminary rudimentary tests, h/w amenities erection, and 

calibration procedure and will rapidly be placed into 

commercial use. The objective of 5G is to create radical 

progresses in connectivity, network reliability, latency, data, 

and energy proficiency. Not solitary customs, the novel range 

of microwaves also creatively customs millimeter-wave the 

first period and enhances up to 10 Gb data rate. 5G smears 

advanced admittance tools with BDMA FBMC. Numerous 

developing tools are united into 5G to recover system concert: 

MIMO for capability upsurge, SDN for tractability in the 

system, D2D for phantom proficiency, ICN for decreased 

traffic in the network, and system slicing for rapid utilization 

of several services [12]. 

2.4 6G Network 
As we know, 5G is in the profitable distribution stage; 

research organizations worldwide have instigated to pay 

courtesy to 6G network, which is deliberated to be installed in 

around the 2030s. Green six generation is anticipated to 

improve the concert of data broadcast up to 1 Tbps and ultra-

least dormancy in microseconds. It topographies THz 

broadcasting and latitudinal multiplexing, offering 1000 times 

more sophisticated capability than 5G systems. The solitary 

aim of 6G is to attain universal connectivity by assimilating 

satellite broadcasting systems and underwater broadcasting to 

provide global exposure. Power reaping tools and custom of 

innovative resources will significantly recover the network 

power effectiveness and understand supportable green 

systems [13]. 

3. RELATED WORK 
Z. Lv et al.[14] proposed a practical elucidation to decrease 

signal intrusion for better transmitting associated signals. 

Furthermore, node info in sensors is handled by edge and fog 

computing, and network broadcasting excellence is also 

arbitrated by transmission power utilization and packet failure 

rate. Dual-channel design can distinctly transfer control 

communications, which minimizes single-channel traffic load 

and evades crashes amid control and sensor messages. It 

recovers the performance of transmission information of 

6G/IoE. The utility representation of the proposed model is 

given as: 

firstcurrent

times
utility

TT
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−
=               (1) 

The author in [14] has summarized notations and symbols 

used in Eq. (1). 

The broadcast strategy has been professed as an arbitrarily 

performing object amid receiver and transmitter by E. Basar et 

al. [15], which reduces the excellence of acknowledged signal 

because of irrepressible connections of communicated radios 

by nearby substances. Current initiation of recon intelligent 

outsides in broadcast enables. Instead, system machinists 

control radio waves' sprinkling, response, and bending 

features by incapacitating undesirable properties of expected 

propagation in wireless. Baseband signal strength is used as 

follows: 
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The author in [15] has described specific symbols and 

notations mentioned in Eq. (2). 
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M.S. Sim et al. [16] presented DNN construction and clarified 

how to evaluate PDP of sub-6 GHz station, which is 

implemented as input of DNN, then authenticate its recital by 

actual surroundings-built 3D ray-outlining imitations over 

midair experimentations using mmWave archetype. The m-th 

ray is used to design this prototype is as: 
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The author in [16] has summarized symbolizations used in Eq. 

(3). 

An IAP-SP reduces the operational difficulty in preserving 

precise channel retrieval. Using the assessed station, data rate 

expansion delinquent is expressed and is transformed into a 

different stage modification exploration problem. X. Ma et al. 

[17] proposed a comprehensive exploration scheme to acquire 

an optimum broadcast rate and tolerate a tremendously high 

operational load. Formerly, a local exploration scheme is 

developed to minimize separate-stage IRS candidates who 

experience palpable performance defeat. The transition 

contribution is implemented to develop the schemes. 
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The author in [17] has elaborated on notations and symbols 

used in Eq. (4). 

R. Ahmad et al. [18] proposed TPCSS technique for 6G 

solution. A complexity exploration is conceded to evaluate the 

effect of medium and laser constraints on TPCS and 

comparative TPA drifts. Reconnoitered laser constraints are 

minimum power and beat size. Variable medium constraints 

are peroxide elucidation attention and illustration length. 

TPCS is originated to be sovereign of variation in minimum 

power. The best-fitted data can be calculated using TPA as 

follows: 
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The author in [18] has described symbolizations used in 

Eq.(5). 

The SERS technique is proposed by N. Sykam et al. [19] to 

uncover the squat attentiveness of peroxide molecules to 

perceive water prevention. Here, there is little cost, a quick 

and productive method for the manufacture of EG below 

microwave radioactivity in 1 min at 800W, and outstanding 

adsorption substantial for R6G. The consequence of 

adsorption procedure constraints, including contact time, pH, 

isotherm replicas, and kinetic reproductions on rinse 

elimination underneath aqueous resolutions, were explored. 

Adsorption capability can be intended as follows: 

( )
m

V
CCq ee −= 0                   (6) 

The author in [19] has described notations used in Eq. (6). 

V.A. Chhabra et al. [20] stated the amalgamation of merged 

polyaniline using PbS QDs, which was successively engaged 

for snap catalysis of peroxide and Rh-6G. This PbS/PANI 

amalgamation was organized by commissioning biochemical 

oxidative polymerization in the occurrence of PbS QDs. 

Amalgamated has been considered by X-ray precipitate 

deflection, FTIS, broadcast microscopy electron, and UV 

spectroscopy. NOMA and mmWave NOMA for forthcoming 

B5G and 6G network explored by L. Zhu et al.[21]. A unique 

characteristic of mmWave NOMA is to receive/transmit 

beam-founding using big staged arrays. A. Yazhar et al. [22] 

projected 5G NR with possible waveform edifices to estimate 

waveform constraints in 6G. There will be various waveform 

constraint selections in the forthcoming. TPs will implement 

these waveform constraint possibilities even though 

transmission to dissimilar users using optimum resource 

distribution pronouncements. R. Goul et al. [23] measured 

CVD on tasters of dissimilar attentions of R6G on 

Grapheme/AuNPs substrates by implementing minimum 

energy. Limited component simulations were done for a 

network using hemi ellipsoids over numerous circumstances 

including R6G investigative wrapper the superficial with 

graphene nanoparticles. Graphene exists amid nanoparticles 

produced by redshift in plasmatic timbre rate and grapheme 

reduced electric arena of external. 

4. TECHNOLOGIES USED IN 6G 

4.1 Spectrum Communication Technique 
Spectrum is the underpinning of broadcasting. Since the 

increase of communication in the 1980s, we have perceived 

the marvelous development of spectrum possessions in each 

novel generation because of endless recreation for data rates. 

The maximum marks of 6G provide Tbps accumulated bit. 

Terahertz (THz) and visible light are two striking spectrums 

[24]. 

4.1.1 THz Communication 
The THz is a spectral ensemble amid warm and visual 

costumes with frequencies from 0.1 THz to 10 THz. 

Excluding great immature spectrum assets, numerous sole 

features inspire to implement of THz for forthcoming 

networks [25]. 

4.1.2 Perceptible Light Communication 
OWC are reflected as harmonizing tools for RF-based 

broadcasting, and frequency limit contains ultraviolet, 

perceptible light, and infrared spectrum. The detectable 

nimble range is the most auspicious continuum of OWC 

because of scientific improvements and the extensive 

implementation of LED. LED differentiates from grownup 
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lighting expertise because of switching to dissimilar light 

strength echelons rapidly, which allows encoded data in 

produced light in diverse ways. Perceptible light broadcasting 

receipts the full benefit of LED to attain double goals of the 

whirlwind and large rapidity data transmission [26]. 

4.2 Fundamental Techniques 
 

4.2.1 Blockchain for Decentralized Security 
Blockchains are distributed record-based catalogs, and 

transactions can be steadily recorded and restructured, 

deprived of central mediators. The intrinsic geographies of 

blockchain include dispersed interference, confrontation, and 

secrecy, create it perfect for numerous applications. 

Blockchain is reflected as a subsequent rebellion for 

forthcoming broadcasting tools. It assurances tougher safety 

topographies during broadcast since it allows multiple system 

objects to strongly admittance precarious. Blockchain also 

delivers numerous assistances in resource instrumentation and 

system access [27]. 

4.2.2 Flexible and Intelligent Material 
Notwithstanding marvelous achievements in the broadcast 

system in previous years, a concert of customary 

semiconductor resources such as silicon appears to grasp its 

restrictions and resources by improved large-frequency and 

large-temperature features are imperative for ultrahigh 

broadcasting. Silicon and Grapheme used to project 

succeeding-generation broadcasting devices [28]. 

4.2.3 Energy Harvesting and Management 
Reliable calculation strains for AI dispensation and enhancing 

the explosion of IoT strategies are posturing critical 

challenges to the power efficacy of broadcast equipment. 

Consequently, power-competent broadcast tools will sparkle 

in 6G, having shorter broadcast distances. In previous years, 

much exertion has been expended on power reaping and 

organization investigations. SR tool provides a conceivable 

elucidation to power delinquent, which assimilates 

unreceptive backscatter strategies with vigorous broadcast 

network [29] 

4.3 New Communication Paradigm 
In the 1980s 1G communication network was presented, 

which was premeditated for voice amenities, with a 2.4 kbps 

data rate. 

4.3.1 Molecular Broadcast 
A novel broadcast model stirred by the environment is a 

conceivable elucidation that implements biological signals to 

transmit data, mentioned to molecular broadcast (MB). In 

MB, biological signals are characteristically minor elements 

of certain nanometers to some micrometers in extent, 

including phospholipid vesicles and atoms, which are 

typically broadcast in gaseous. Associated with the radio 

broadcast, MB has definite benefits in micro and macro gage 

[30]. 

4.3.2 Quantum Broadcast 
Quantum broadcast (QB) is a different auspicious broadcast 

prototype using public safety. The ultimate variance between 

quantum broadcast and traditional binary-based broadcast is 

snooping can be sensed on-site. The data is encrypted in the 

quantum stage with photons/quantum atoms and cannot be 

retrieved or replicated, deprived of interference it because of 

quantum ideologies, including the association of tangled 

atoms and unchallengeable law. Moreover, QB can recover 

data rates because of the superposition environment of cubits. 

Another striking fact of QB is its enormous perspective in the 

large-distance broadcast. QR is a serious strategy for a large-

distance universal quantum system. It is proficient in 

separating QB's detachment into smaller intermediary sections 

and modifying photon damage and process faults [31].1G-3G 

Network. 

5. CHALLENGES IN 6G 

COMMUNICATION 

5.1 Dynamic Topology 
The network topology in the sixth generation is predictable to 

be dynamic. Because every operator over its system/smart 

devices forms IoT systems will be associated vigorously to 

network and offers preeminent QoS at a contemporary instant, 

will severely variation dynamic networks. Drones, UAVs, 

drones, radar, and satellite broadcasts will be rapid stirring 

nodes that should support the complexity. The essential 

appropriately prototypical meddling subtleties so that devices 

can become conferral to sub-network rapidly and maintain 

network reliability [33]. 

5.2 THz Frequencies 
The necessities for sophisticated data rates and sizeable 

spectral power proficiency execute mistreatment frequencies 

outside mmWave at terahertz (THz). It provides slight cell 

enlargement, whose range is limited up to meters. Minute 

cells will initiate much thicker positioning. Thicker 

positioning will unavoidably dynamism the investigators to 

reflect on novel traffic flow supervision methods, novel 

movement controlling, mobbing mechanism algorithms, and 

much more [34].  

5.3 Access Network for Backhaul Traffic 
Network tools will necessitate an enormous escalation in data 

evolution and reduce the network's access for Backhaul 

unable to manage it. Research enhancement at progressive 

bands such as D-Band, including 60 GHz ranges, is accessible 

and will be personified. FSO and quantum broadcast also 

reflect 6G backhaul to come across necessities. Drones and 

telluric stations may involve satellite connection with squat 

trajectory satellites and CubeSats for providing backhaul 

sustenance and upsurging ample area attention [35]. 

5.4 Artificial Intelligence and Machine 

Learning 
Because of the difficulty of 6G systems, it is predictable to 

include AI for the efficacious and effectual process of such 

types of systems. AI has previously been implemented in 
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broadcasting in each OSI layer. Concerning 6G systems, AI is 

predictable to simplify their process and probable to influence 

the difficulty. An inescapable outline of AI as the system's 

superiority is predictable to create important roles in such as 

semantic broadcast, ML, and NN to complete supervision of 

broadcasts [36]. 

5.5 Network Functions Virtualization & 

SDN 
SDN & NFV are the tools that depend on virtualization. The 

motive of these tools is to permit system projects and structure 

in s/w execution by fundamental s/w crosswise generic h/w 

platforms and strategies. SDN emphasizes unraveling system 

mechanism tools from network advancing tools, whereas NFV 

eliminates system going and former schmoozing means from 

the h/w for running, foremost to solarisation of system tools. 

System amenities adaptation, execution of functioning 

processes convoluted in manipulative, making, and 

distributing E2E services. NFV and SDN will improve 

adaptively in 6G networks [37]. 

5.6 Blockchain 
A blockchain is a predictable tool to sustain in 6G systems. 

Subsequently, it is reflected a tool that can expressively 

underwrite the organization of enormous statistics that are 

predictable for creating and touching in 6G broadcast 

networks. Blockchain is attained by peer-to-peer systems and 

exists deprived of being accomplished by integrated authority. 

Blockchain can probably deliver numerous amenities, 

including interoperability transversely devices, big traceability 

data, and communications of different IoT schemes 

automatically [38]. 

 

5.7 Moving Networks 
As users will request extensive excellence Internet facilities 

for moving trains/vehicles/planes, much more is enormously 

enhancing. Users request similar services as stationary 

substructure operators, and 6G systems should be capable of 

offering it. To tackle these apprehensions idea of dynamic 

networks has been presented. Active networks are a distinct 

group of adhoc networks. Dynamic networks, because of their 

volatile environment, knowledge noteworthy quality disputes 

can be perceived because of the rapidity of vehicles [39] 

5.8 Intelligent Surfaces 
Intelligent Surfaces are encouraging the developing h/w tool 

to recover the range and power efficacy of WSN. MIMOs 

implement antennae composed of large number arrays to 

amend their radioactivity designs over periods and occurrence 

for both broadcast and receiving. HSFs know the broadcast 

surroundings of electromagnetic surfs through 

programmatically organized meta-exteriors to outfit specified 

purposes. The RIS-associated idea encompasses RIS array 

components. Meta-exteriors are thin planar, artificial edifices 

that have newly permitted the comprehension of original 

electromagnetic and visual mechanisms by engineerable 

amenities [40]. 

 

6. 6G APPLICATION AREAS 
To enhance Internet implementation in rural regions, users 

must get assistance offered for everyday existence, 

strengthening performance and ultimately making the 

commercial situation feasible for machinists. Significance to 

rustic operators can be revealed through. Moreover, the 

operator's necessity to espouse the available facilities, which 

will enhance the petition and inspire users to increase the 

connectivity delivered. There are various 6G applications 

areas as follows [41]:  

6.1 Health 
In rustic zones, patients are the absence of excellent 

healthcare. Tele prescription signifies an appropriate 

elucidation to tackle this issue. Main fitness hubs can be 

exploited with regular stopovers; however, transfer to 

subordinate and tertiary fitness hubs does not precisely 

include custom machinery to hand over patient info. 

Dissimilar methods are projected where community 

employees assist patients in the rustic zone to interconnect 

with medics, implementing hypermedia equipment trusting on 

strengthened broadband reinforced by broadcasting [42]. 

6.2 Education 
Education is a significant facility for delivering distant rustic 

zones. In-distant teaching is delivered to rural zones via 

virtual programs based on multimedia. Flipped-based 

classroom archetypal was implemented to support online 

teaching. Candidates were incapacitated by poor connectivity 

in rustic zones that delayed the enactment of classroom setup 

for video conferencing. A communication teaching method 

implementing satellite TV networks is verified for rural 

regions. Because of the absence of dependable Internet 

broadcasting, learners can mostly use custom tablets to 

interpret eBooks [43]. 

6.3 Farming 
Agriculture is a distinctive application region for rural zones 

that can assist in Internet broadcasting or LAN. For instance, 

IoT-based devices are used for achieving exact irrigation in 

fields through imperfect obtainability of irrigation marine. 

Trickle irrigation uses the accurate volume of aquatic and 

improves sprayed fields nearby herbal ancestries [61]. Sensor 

nodes in IoT are projected for agriculture applications in 

rustic areas deprived of broadcasting or cloud communication. 

UAVs are implemented to gather capacities from sensors 

connected with IoT and communicate them to adjacent 5G 

base stations [44].  

6.4 Financial services 
ATMs development and using POS tools posture many issues 

in rural regions. A key challenge is the need for dependable 

broadcasting for performing transactions through cards by 

users in real time. Improved safety can be attained with 
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smartphones accompanied by smart card rendering to the 

broadcasting approach. Though convinced disputes endure 

being tackled, the utmost significant possibility of 

overdrawing with definite bank A/C is to collect the amount 

on a card and permit reliable ATMs to modify it while 

withdrawing [45].  

6.5 E-Commerce 
A system for associating support assemblies in rustic regions 

was developed. The main goal is to provision micro 

businesspersons in rural zones to enlarge their productions 

and upkeep native frugality. The system implements IVR and 

mVAS to permit transactions amid rustic shareholders to 

upkeep micro businesspersons in rural regions and permit 

them to increase commercial events. In the mobile-based 

system, it is assumed that inhabitants lack good teaching and 

monetary revenues to individual workstations and access to 

web services [46].  

6.6 eGovernment 
A bottom-up method is projected before founding e-

supervision in rural regions, where amenities connected to 

agriculture, health, and education in the rural areas should 

spread a certain standard level earlier boarding on the e-

supervision plan. Or else, an e-supervision plan would not be 

attained envisioned assistance as the rural region is 

nevertheless prepared for acceptance [47]. 

6.7 Other Services 
Kiosks offer to employ prospects in rural regions to upkeep 

native frugality. Career searchers can upload their info at the 

kiosk. However, workers upload available openings. Similar 

kiosks can be implemented for selling/buying objectives. 

Wherever vendors can promote their harvests at kiosks. Every 

kiosk is connected to the server through Internet. Bus ticket 

service is also considered in different areas, and ticket 

retailing positions in rural regions agonized from unhurried 

connectivity to dominant servers. Consequently, the ML 

approach is implemented on dominant servers for handling 

services [48]. 

7. 6G PROPOSED ARCHITECTURE 
6G networks are anticipated to attain power-proficient and 

communally unified wireless links worldwide. However, 

prevailing network design cannot assure forthcoming 

application provisions restraints such as high throughput, low 

latency, and consistency. Consequently, onward observing 

investigation on forthcoming network outlines is essential. In 

this paper architecture of the 6G network is proposed and 

formulated till 2030 [2]. Though it is impractical to precisely 

demonstrate the open 6G network architecture, we presented 6 

G-associated architecture. This architecture has three basic 

categories: enhanced stratification, intelligent connection, and 

universal coverage. The Stratification network view includes 

content-driven routing, management plane, dynamic spectrum 

access, fluid antenna, blockchain, new spectrum THz, and 

VLC. Intelligent connection is a significant view of this 

architecture introducing novel technologies in distributed 

artificial intelligence, intelligent radio, and real-time 

intelligent edge [49]. 6G network coverage will include space, 

aerial, terrestrial, undersea, and much more. HTS methods are 

proficient in broadband network service similar to telluric 

facilities, including evaluating and bandwidth. NGSO system 

provides minimum-latency, large-bitrate worldwide network 

access, and numerous satellite collections to instigate 

commercialization. LEO networks have been definitude in 

concept and simulation surroundings with laser and RF 

mechanisms to deliver low latency broadcast than terrestrial 

[50]. 

 

Fig. 1. Network Architecture for 6G 



International Journal of Computer Applications Technology and Research 

Volume 12–Issue 04, 27-34, 2023, ISSN:-2319–8656 

DOI:10.7753/IJCATR1204.1007 

www.ijcat.com  33 

8. CONCLUSION 
Nearly exponential upsurge in broadcast data, particularly 

multimedia statistics and quick propagation of all intelligent 

devices for subsequent broadcast development towards 6G. 

6G communications are encouraging, a significant upsurge in 

QoS, and a supportable future. In this chapter, we have 

discussed a detailed survey of 6G communications. We 

instigate with development of network generations from 1G to 

5G, which designates the expansion drift of 6G to a certain 

level. Detailed studies of different technologies used in 6G 

communication have been elaborated. This chapter also 

deliberates on upcoming challenges in 6G communication for 

canvassers. Various 6G application areas are also presented in 

this survey. The critical focus is associated with 6G 

architecture which includes protocols stacks, coverage, and 

artificial intelligence. The goal of this chapter is to give 

informative direction for consequent 6G communication 

research. 
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Abstract: India is one of the fifth largest economies in the world by nominal GDP with 70 per cent of the rural households still depending 

on agriculture as their primary source of livelihood. India is responsible for 7.39 per cent of total world agricultural production. But the 

agricultural supply chain used in India is inefficient and caters less to the producer. Farmers who are the producers get very less profit 

from selling their produce. It is estimated that about 80 percent of the profits are secured by the middlemen who have significant control 

over the agriculture trade in the country. The lack of communication between different stages in the chain and data transparency is also 

one of the major reasons why the current supply chain in India is flawed. Proper communication is essential in any system to avoid the 

spread of any misinformation and at each stage in the supply chain sensors are required to share data with the users so that information 

is collected and made available to everyone concerned with the particular transaction of goods. The combination of blockchain and IoT 

in the agricultural sector can provide a better supply chain system from the ground up which addresses communication and transparency 

issues suffered by the latter systems. 
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1.  INTRODUCTION 
Agriculture is a primary contributor to India’s gross domestic 

product (GDP). According to the yearly stats provided by the 

government for Financial Years 2017-2021, we can notice that 

there is an increase in employment for agricultural jobs. In 2017 

the employees in the agricultural sector counted 145.66 million 

and despite the outbreak of the coronavirus pandemic, the 

number of employees in 2020 increased to 145.88 million, and 

the next year India witnessed an even steeper increase with 

151.79 million employees joining the agriculture sector. There 

was about a 4.21% increase in the number of employees from 

the year 2017-2021. Since it is one of the most active sectors in 

India it is vital that they have an efficient supply chain that is 

efficient, fair and rewarding. 

A supply chain is a network of facilities helpful in getting the 

product from production to its eventual distribution to 

consumers. The supply chain plays a vital role in any industry 

as it helps the company/organization in managing inventory so 

as to stock the optimal amount of supplies needed to hit their 

sales target, better forecasting to predict their future sales and 

profit margins and improve relationships with suppliers. The 

agricultural supply chain in India has four different entities, 

producers(farmers), processors, distributors and retailers. 

The supply chain currently in use has a lot of issues. Some of 

these issues are mentioned below: 

●  

 

 
● Middlemen in the system pocket most of the profits 

which makes it less rewarding for the producers and 

ultimately demotivates them, resorting to growing 

low quality crops as they could get the same amount 

of profits from producing lower quality crops rather 

than spending more money on growing and 

maintaining higher quality crops. 
● Lack of communication between different levels in 

the supply chain leads to poor information exchange 

and knowledge transfer. The middlemen in the chain 

have the most knowledge. The market information 

known by the distributor is not shared with the 

producer. This allows the distributor to make more 

profits as he sells the product directly to the consumer 

and this information would not be revealed to the 

producer. 
● Lack of proper storage facilities among the producers 

leads to wastage of harvested crops. Certain crops 

require constant controlled temperatures if such 

storage facilities aren’t made available then the 

producer will incur losses. 

A Blockchain is a decentralized database with a special digital 

file called the ledger which is available to every node in a 

network. In a Blockchain The transactions are recorded and 

distributed, The nodes in the Network do not hold the privilege 

to edit this special file. Thus we can say that the ledger is 

immutable, thereby securing the transactions that are recorded, 
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they cannot be altered, deleted or destroyed. This is more of an 

efficient way to allow companies to complete their transactions 

without the requirement of third parties. 

The foundation set by blockchain makes the relationship 

between vendors and suppliers more transparent and 

trustworthy. As mentioned in [8] trust and decentralization are 

the two most important requirements in SCM which can be 

delivered by implementing blockchain in it. As mentioned in 

the discussion earlier issues related to SCM are related to 

distrust, information exchange, commitment, and transparency. 

Blockchain addresses these shortcomings using the following 

features:  

1. Immutable data documentation  

2.  Distributed Storage  

3. Authorized user permissions 

2.  PURPOSE 
In all of the subjects and motives put forth by the articles 

Referred, The system proposed by the authors is inadequate to 

solve all the problems faced in Agricultural Supply chain 

management, To address problems like Management, 

Traceability and Storage of data, various solutions are 

presented and putting it all together and deriving a system 

capable of eliminating any more shortcomings which is our 

goal. 

3.  LITERATURE REVIEW 
In this section, we analyze the previous systems proposed in 

order to understand the current situation of blockchain in the 

field of agriculture. The authors of [1] portray a system to 

ensure the traceability of Agri-food items from producers to 

consumers coupled with a reputation system, the trust of an 

entity in the blockchain is based on the trust values stored in it. 

The higher the trust value of the entity more is its reliability. 

This system provides a trading and delivery mechanism that 

ensures product authenticity by avoiding the manipulation of 

information by the Logistic Company(LC) during the 

transaction. Efficient tracking of the product is explained in [2] 

by using a unique digital identification tag, location and 

navigation sensors with every item that helps keep track of 

them. Sensors can send the real-time data collected 

continuously to the application by making use of IoT 

architecture to provide a clear path for data to travel from the 

sensor to the application for processing. Digital code scanners 

installed in the entry and exit points of the warehouses inform 

the application about the product’s status, this gives the entities 

in the supply chain more clarity about the product being 

shipped and its location in real-time. A more theoretical 

understanding of implementing blockchain-based agriculture 

systems is given in the paper [3]. The paper mainly talks about 

the communication problems between different levels in the 

supply chain.Market research done by the higher tier 

entities(retailers, distributors, etc) is not shared with the lower 

tier entities(producers) and minimal knowledge transfer 

between the higher and lower level entities in the chain may 

lead to the disproportionate supply of products which causes 

unnecessary wastage or shortage of goods. These 

communication issues in the supply chain are to be solved by 

using a blockchain architecture that stores each transaction in it 

with a timestamp so as to avoid the manipulation of data by 

third parties. The transparency of the system is ensured by the 

miners and forgers who gather all the transactions taking place 

in the system and add it to the chain so that the data is made 

publicly available.There are many individuals in the network 

working towards their personal goals and these can be achieved 

by using smart contracts. Smart Contracts are implemented in 

such a way that the system isn’t biased to any one tier in the 

supply chain but rather a solution to achieve a level playing 

field. With the decreasing quality of crops being grown on 

farms due to the use of pesticides, the demand for organic crops 

has risen in recent times. [4] talks about introducing organic 

crops with valid and authentic certifications, into a public 

blockchain. This will ensure better food quality for the 

consumer and thereby an increased demand for the product. 

The tracking mechanism of the product in the chain involved 

the usage of trackers on the container as a whole rather than 

each product present in it. Thereby the container was tracked 

rather than the product. The methodology talks about the 

development of a DApp, wherein smart transaction models 

were developed on solidity and a QR code model was 

implemented to validate the products. QR code acted as the 

point of contact between the physical and digital worlds. The 

product contract could be deployed only by the farmers in order 

to indicate a physical product. They need to maintain a 

minimum reputation level in order to issue a product contract. 

Each product contract deployed, an address will be returned 

which will be used to generate a QR code that will help identify 

the product physically. The history of the product would be 

added to each smart contract within each transaction. They 

were then updated with new owners irrespective of whether it 

was sold. Smart contracts ensure trust between users as it 

regulates the rules. A major highlight of this paper is its 

reputation system. At the start of the certification process, 

persons are identified to take part in the validation process. In 

order to gain a reputation, the farmer needs to place a request 

which needs to be validated by agriculture officers and other 

related people. The motivation for others to take part in 

validating the farmer’s transaction is that they are rewarded 

with reputation points. All the events would be stored in the 

blockchain as soon as the validation process would return a 

success. The paper [5] summarizes the concept of using 

NFC(Near Field Communication), RF ID (Radio Frequency 

Identification) and QR codes in product delivery which is to 

ensure the safety of the product and also that either wholesaler, 

consumer or retailer knows the complete information and 

details that they must know about the product. By knowing the 

characteristics of each of the enhancing features like that 

mentioned, we can enhance safety in the system. The NFC tag 

is used to track and trace the product in its current path from 

the manufacturer till it reaches the consumer. Similarly, in the 

case of RFID tags, they are used to track the product but also 

the consumer can detect counterfeit. The next module is the QR 

code, this is another similar implementation of NFC and RFID. 

QR Codes also ensure that the product is not duplicated hence 

maintaining consistency in product delivery. [6] conveys the 

entirety of the management module of medical equipment, and 

the difficulties faced by the manufacturers, distributors, 

suppliers and consumers. This article also delivers the standard 

requirement to price highly consumable stock and the stock that 

is stored for a long time unused. Comparing this to the various 

agricultural products, their management and pricing is also an 

important aspect that needs to be taken into consideration. 

Various distributors have facilities not large enough to store the 

incoming stock which may be returned or sold, this paper gives 

us a solution to deal with this problem. To effectively cost the 

product is to the consumer so as to not transmit the loss in the 

chain of Retailers, Suppliers, Dealers, Distributors, 

manufacturers and producers, Effective management of these 

goods also plays a vital role in the pricing of the product along 

with the charges of its storage, production and processing. In 

the paper [7] blockchain can be coupled with IoT, to monitor 

the process and the condition of 
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goods. Whenever goods are transported by farmers, the 

qualitative and quantitative details are measured and collected 

via a form and stored in the blockchain. The obtained 

parameters are verified by the smart contract. Farmers and 

consumers are informed about the condition of the goods 

measured using IoT. Sensors placed at each stage of SCM( in 

Storage and Transportation vehicles). Changes in market price 

are also incorporated in the blockchain, when the products are 

sold, information about the quantity and the profit is added to 

the blockchain for farmers' understanding of the market 

scenario. 

4.  CHALLENGES 
Considering the technologies being used in various systems 

proposed, this survey requires a basic understanding of several 

domains such as Blockchain, IoT, Computer vision, 

Agricultural Science, Operations management, logistics, 

procurement, and information technology. Having such 

knowledge beforehand helps navigate through all the papers 

referred to. There are many choices for papers with similar 

discussions on the chosen topic which led to selecting only 

those papers which helped give a clearer picture of the said 

matter. All of the papers that we chose had relevant points to 

understanding the flaws of the system and how to put right 

every wrong turn, some papers talk about correcting the system 

and a few list improvements to the suggested system. we could 

not pick one way to perfect the system which led us to choose 

one of the many paths that were laid out before us. Thus we 

chose to eliminate only the difficulties that might cause the 

producer i.e the farmer, to face the main issue to address as 

mentioned in many of the papers we reviewed. 

5.  FIGURES/CAPTIONS 

     a) Current System: With reference to the earlier discussion 

current system of SCM is referred to in “Fig. 1”. 

 

Fig. 1. Note: Systematic flow of Supply Chain in Agriculture from a 

processor point of view. Reprinted from [9] the issue, pp. 4.  

     b) Proposed System: As mentioned in [2] the proposed 

framework of the system with implementing blockchain in 

Supply Chain Management. 

 

Fig. 2. Note: Blockchain and IoT-based Supply Chain Management 

Framework Reprinted from [2]. 

6.  CONCLUSION 
This survey includes referencing various papers which bring 

about the detailed architecture of Supply Chain Management 

and also understand its shortcomings. Some of the research 

papers like [1], [3], [4], [7] propose a solution to various issues 

in Supply Chain Management(SCM) like distrust, 

communication issues, commitment issues and consistency. 

Addressing all these issues we have concluded that blockchain 

along with IoT could be a possible solution for the inadequate 

existing SCM. This proposal is efficient and reliable. 

Throughout the discussion, in the paper, we talk about various 

blockchain properties like transparency, decentralization and 

security addressing those issues mentioned above about the 

SCM. This survey also follows up with the implementation of 

the solution with detailed research. 
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Abstract: Establishing referential relations in discourse is one of the most relevant but difficult to model problems of automatic text 

analysis. Reference means attributing a textual unit (linguistic expression) to a non-linguistic object (referent). The correct 

interpretation of the statement in the analyzed text requires solving the referent of the textual reference about the object, that is, the 

reference of the textual expression. In this work, a model for resolving referential relations is proposed. 

The method used to solve the referential relationship is finding equivalence, that is, by calculating the degree of similarity of 

possible elements in the word, the similarity in the referential relationship is calculated, and as a result, the relationship value of the 

referent in the sequence of sentences is obtained. 

These opportunities will be a new beginning for solving referential relationships in the Kazakh language. Based on the possibilities 

of computer technology, this direction in developing language education creates a great opportunity for extensive research and analysis 

at various levels of the language treasure as a bright mirror of the spiritual and material culture of the people. 

Keywords: Anaphora, coreference, discourse, information object, ontology. 

 

1. INTRODUCTION 
Anaphoric, cataphoric, and coreference are the main 

elements of resolving referential relations. 

Anaphora is a relation between sentences in which 

the meaning of one word or phrase is defined by 

another word or phrase. The first member of an 

anaphoric relation is called an antecedent, and the 

second member is called an anaphor or anaphor. 

A cataphoric relation is contrasted with an anaphora 

where the anaphora occurs in the first clause and the 

antecedent occurs in the second clause. Anaphoric and 

cataphoric relations are formed from nouns. 

The most common form of anaphoric relation is 

pronoun anaphora. This type of anaphora includes the 

third person form of the pronoun, among the pronouns, 

the most anaphoric functions are the classification 

pronoun and the reference pronoun. We can see the 

anaphoric function of the relative pronoun in the 

following examples 
For example: Труба түбіндегі жапырық тас үй – 

мехцех. Бұл - әншейін келешегіне қарай қойылған 

ат, әйтпесе нобайы түзу бір механизм жоқ.( The 

leafy stone house at the bottom of the pipe is a mehtzeh.  

 

This is a name given to the future, otherwise there is no 

straight mechanism.) 

 

This syntactically complex unit that connects the first 

sentence and the second sentence is an anaphoric 

relationship, where the word мехцех in the first 

sentence is repeated with pronoun бұл in the second 

sentence. 

Елжас өткен айда Бразилияда болды. Ол сол 

елден саған сыйлық алып келіпті. ( Eljas was in 

Brazil last month. He brought you a gift from that 

country) 

In the example of the first sentence, it is anaphoric to 

have the classificatory pronoun Елжас and in the 

second sentence the word ол is repeated through it in 

third person form and repeated with the same indicative 

pronoun. 

Solving this problem faced by natural language is the 

most difficult for other languages and has not yet been 

fully resolved. For example, the scheme described in [6] 

includes mentions of people and organizations and the 

task of solving anaphora, while the task of solving 

anaphora in [7] and [8] is limited to pronoun anaphora. 
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Solving anaphora is a very important task, many 

researchers take different approaches to this problem 

and use different methods: traditional (syntactic and 

semantic) and alternative (statistical) methods, recently 

corpus and ontological methods are also used. 

The corpus method is a collection of texts within the 

discipline and thus research. 

Most of the similar resources available today are 

English-language resources. A research group from 

Stanford University recommends using Wikipedia to 

solve co-references [4]. The approach itself is based on 

the use of several simple filters together. The system 

based on this approach has now been expanded with 

new filters [2]. Two of the five proposed new filters use 

external resources such as WordNet [8], Wikipedia, and 

Freebase [5]. Projects such as WordNet and Freebase 

are suitable for the English language, which has a 

significant impact on research in the field of English 

text processing. 

Solving such relations for the Kazakh language will 

be very complicated, however, in solving the referential 

relations for the Kazakh language, considering the 

semantic analysis model and the peculiarities of the 

Kazakh language, combining similar elements in the 

sentence, searching for corresponding elements, etc. a 

model for solving referential relations in the Kazakh 

language is created by using methods. 

2. METHOD 

2.1  The Architecture of Anaphora 

Resolution 
In this method, we used the primary analysis component 

and the semantic analysis model, identification component, 

and data validation component. 

This section presents the architecture of the anaphora 

resolution system in the Kazakh language (figure 1). 

 
 

Fig.1. Reference resolution model. 

 
The general operation of the model is as follows: 

▪ Primary analysis. The information objects obtained 

from the document are sent to the primary analysis 

component, where checks are made for the presence 

of correlation and the matching of the main 

attributes with the DB objects according to the 

tuple. Information objects that have achieved 

correspondence with a single object of the database 

or a set of basic attributes are fully defined are 

identified. 

▪ Identification component. The rest of the 

information objects fall into the identification 

component, where, if necessary, the collections of 

the closest objects of the database are filtered, 

which are expanded in the hierarchy of ontology 

classes or in other relationships of the ontology. 

▪ Semantic analysis model. It helps to fully reveal the 

semantic relationship of the elements of the word, 

the meaning of the word, the semantic analysis 

model allows to speed up the work of the remaining 

components. 

In the Kazakh language, the order of the words in a sentence 

is, in general, stable, not as free as in the Russian language, as 

a rule, the narrative is at the end of the sentence, the initial is 

before it, the determiner, the modifier, the complement is 

before the related words. 

Pronouns often have the primary, complementary function in 

a sentence. 

In this study, we take data sets from tengrinews news 

collection and stories of G. Mustafin: personal pronouns, 

demonstrative pronouns, reflexive pronouns are resolved in 

this dataset. A proper anaphora resolution system requires 

subject object matching. The proposed training dataset is 

defined as a subject, object, number, animate or inanimate 

object. This POS tagging system for Part-of-Speech Tagger 

for Kazakh language we use annotated corpus, Noun and 

Noun Phrase are selected using rules for Kazakh text. 

2.2 Equivalence calculation algorithm 
 

When searching for similar objects, candidate attributes are 

searched by pairwise comparison of the set of their values. To 

calculate the D-similarity measure, we obtained the following 

values. 

 

 

The similarity measure for data attributes is determined by the 

number of equal values of the attributes: 

 similarity across data 

 

 

D is similar in terms of data: 

            

(1) 

Where   set of data attributes, a set of information 

values,  a set of relationship attributes,  structured 

information (input data), co-referent-candidate. 

The algorithm for finding coreference is as follows: 

𝑎 and 𝑏 are candidate coreferents 

 
 

  (2) 
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The degree of similarity of possible candidates is calculated 

from the formula (1) given above, and the algorithms for 

calculating the coreference using the co-referent-candidate 𝑎 

and 𝑏 given by the formula (2) are given. 

The model and calculation algorithms we used in this work 

are not designed to solve all types of referential relations, 

these calculation algorithms may not work properly due to the 

influence of factors affecting anaphora and cataphora and 

their types in sentences. 

2.3 Combining information objects 
D is a binary relation in the set of information objects, 

objects, and  

recognized referentially identical. Relationship D is the ratio 

of equivalence and, therefore, it divides many  into non-

overstepping subset of the clusters. Equivalence classes in 

relation to D coincide with components of the coherence of 

the column in Fig. 2. All information contained in the 

elements of the cluster is combined in one object called a 

nodal object or not. The g-equivalent of the chain of objects is 

considered nodular. Obviously, there will always be such 

(Fig. 3). 

 

Fig.2. Marking up multiple objects 

 

 
 

Fig. 3.  Node objects 

Combining objects in accordance with relationships, shown in 

fig. 3, we achieve that the cardinality of the set of objects 

becomes equal to cardinalities of the set of equivalence 

classes with respect to relation D. It's clear, what. 
 

 

3. EXPERIMENTAL PROCEDURE AND 

RESEARCH RESULT 
To realize the algorithm, we used the ontology created in 

the subject area of computer sciences.  

For practical tests of our method and obtaining the first 

approximate values of , an editor of objects with 

built -in mechanisms for calculating the similarity of any two 

selected objects and resolving reference 

connections in each many information objects was developed.  

The selected fragment, 300 words, contain all referentially 

identical objects. Volume the total text is 420 words, the 

number of extracted objects is 30. Objects that are not 

included in this fragment do not fundamentally affect the 

result of resolving referential links. Ontological class 

instances have been retrieved: The result of participate 

(қатысу), Internet resource (интернет ресурстар), Scientific 

activity (Қызмет), Organization (ұйым) and Person(тұлға). 

The result of scientific activity (Қызмет), class has 4 

attributes: title, number, start date, completion date. 

of Organization (ұйым) class has 4 attributes: e mail, 

abbreviation, address, founding date, organization name, 

organization description, phone number. 

of participate (қатысу) class has 5 attributes: involved end, 

involved start, involved role, person involved, involved 

activities. 

 
 

Fig. 4. Main window of the object editor 

 

as you can see from the picture, no attributes of q2 have 

been determined, we look for a candidate close to q2 based on 

the above equivalence search algorithm, Obviously, since 

both objects are instances of the Scientific Event class, 

therefore the object q1 is the equivalent of the object q2. 

 

Candidate =1 

As a result of comparing the class attributes of the 

ontology, it is possible to find the equivalence of the 

attributes, for the purposes of our research, this is called 

coreference, that is, the coreference of the attributes with each 

other. 

The general results of the research work can be seen in the 

table below. 
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Table 1. the result of finding the referent 

Amount of 

text 

Number of 

ontological 

classes 

Number of 

attributes 

Referent 

number of 

attributes 

300 87 156 64 

245 75 123 48 

345 57 103 56 

Total 219 382 168 

 

4. CONCLUSIONS 
In this article, we proposed a method for solving refractive 

relations, considering as an example the main elements of 

referential relations and their differences from each other, this 

method was obtained based on the algorithm for calculating 

the degree of similarity of attributes and semantic analysis, the 

algorithm for solving the referential relationship based on 

determining the mutual semantic relationship of elements in a 

word and finding the degree of similarity of a potential 

candidate, this work plays a key role for us in the 

development of work on solving the refractive relationship in 

the kazakh language. 
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Abstract: For the traditional pose estimation method based on point pair features, both the preprocessing of scene point cloud and the 

construction of point pair features of scene point cloud have serious time-consuming problems, which cannot meet the needs of actual 

industry. Therefore, this paper proposes a pose estimation method that combines instance segmentation and point pair features. 

Therefore, this paper proposes a pose estimation method that combines instance segmentation and point pair features. First, use the 

Mask R-CNN-based instance segmentation network to obtain the location of the target object in the two-dimensional image of the 

scene; then, obtain the local point cloud data of the space where the target object is located from this position and the depth 

information of the scene; finally, the local the point cloud data is used as the scene point cloud based on point pair feature pose 

estimation to perform feature matching with the point cloud of the target object. 

 

Keywords: point cloud data; point pair features; Mask R-CNN; pose estimation 

 

1. INTRODUCTION 
3D feature descriptors are key factors in 3D pose estimation, 

they encode the relationship between point cloud data into 

low-dimensional feature vectors. Global feature descriptors 

are constructed by using the overall geometric information of 

the model, such as Shape distribution feature descriptors, 

Spherical harmonics feature descriptors, SPR feature 

descriptors, etc. However, global feature descriptors are less 

stable in the presence of occlusions and simple object shapes. 

The local feature descriptor describes the local structure and 

shape information of the target object through the domain 

relationship and normal vector of the 3D point cloud, such as 

the 3DSC feature descriptor, the FPFH fast point feature 

histogram, and the SHOT feature descriptor. However, in the 

subsequent feature matching, local feature descriptors need to 

perform seriously time-consuming hypothesis verification, 

which will cause the matching efficiency to become very low. 

In order to make full use of the respective advantages of the 

global feature descriptor and the local feature descriptor, 

Drost et al. proposed the point pair feature descriptor PPF 

(Point Pair Feature), whose main idea is to extract point pair 

features from the point cloud of the target object and the 

scene, The pose of the object in the scene point cloud is 

estimated according to the relationship between the point pair 

features and the pose combined with the Hough voting 

strategy. However, the pose estimation algorithm based on 

PPF also has certain defects, such as being susceptible to 

background and noise interference and a large amount of 

calculation when voting on the scene point cloud. Improved 

PPF algorithms for everyday objects in cluttered scenes by 

Birdal et al. and Hinterstoisser et al. Wu et al. used the PPF 

algorithm to perform robotic trash bin picking and achieved a 

recognition rate of 93.9%. Choi et al. introduced boundary 

points with directions and boundary line segments into an 

algorithm for estimating planar industrial objects, which 

performed a higher recognition rate and faster speed than 

traditional PPF. In this paper, a point-to-feature pose 

estimation algorithm combined with instance segmentation is 

proposed. This method only selects the local point cloud data 

containing the range of the target point cloud as the matching 

scene point cloud for pose estimation, which not only reduces 

the number of points also predicts in advance the spatial 

extent of the point cloud of the target object. 

2. METHOD 

2.1 Original PPF Algorithm 
Drost et al. used "global description, local matching" to 

describe the algorithm, so we can know that the algorithm can 

be divided into two stages. The first stage is for the model to 

train the global feature descriptor of the target object offline, 

that is, the point pair feature descriptor. The second stage is to 

match the feature description of the target global point pair 

trained in the first stage with the scene point cloud, establish a 

local coordinate system from the relationship between the 

point pair features, and calculate the three-dimensional rigid 

body transformation of the target object in the scene point 

cloud. Then, by voting on all possible pose transformations, 

the pose of the target object is obtained, and finally the 

obtained pose is optimized to complete the pose estimation of 

the target object in the scene point cloud. Figure 1 shows the 

technical flow chart of pose estimation based on point pair 

features. 

 

Figure. 1 Original PPF algorithm process 

2.2 Our Algorithm 
In this paper, we propose a method combining deep learning 

for instance segmentation and point-to-feature based voting. 

This method is divided into two stages. In the first stage, the 

advanced Mask R-CNN network is used to find the target 
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object in the scene RGB image, and the type ID and area of 

the target object are returned. Then, in the second stage, the 

detected target object is located. The region adopts point-to-

feature voting method to obtain the 3D pose of the target 

object. This method in this chapter combines the advantages 

of the two methods. The instance segmentation network based 

on deep learning can quickly filter out the data in complex 

real scenes, so that the search space is reduced when feature 

matching, and the method of point-to-feature voting is 

retained. Recover the robustness of the target pose. Figure 2 

shows the network flow diagram of the method proposed in 

this paper. 

 

Figure. 2 Our algorithm process 

2.2.1 Instance Segmentation Stage 
Our data set comes from the HomebrewedDB data set of the 

BOP challenge competition. This data set is mainly used for 

6D pose estimation of 3D objects. This data set contains a 

total of 33 model objects and 13 real scenes composed of 

these 33 model objects. As shown in Figure 3, the target sizes 

in the scene pictures in this dataset are almost the same, so it 

is necessary to enhance the data of scene target object instance 

segmentation before training the Mask R-CNN network.  

 

Figure. 3 HomebrewedDB dataset scene images 

Since the HomebrewedDB dataset has the target 3D model 

point cloud data, it is possible to obtain pictures from different 

angles of the target through the 3D point cloud data of the 

target, and then randomly paste these pictures from different 

angles into the VOC2017 dataset according to different 

proportions. On the picture, as shown in Figure 4. 

 

Figure. 4 Synthesize objects containing model objects on the 

VOC2017 dataset 

2.2.2 Pose Estimation 
After segmenting the scene point cloud by instance, we obtain 

the local point cloud data of the space where the target object 

is located, and then calculate the matching between the point 

pair features of this local point cloud and the global feature 

description of the target object. In order to ensure that the 

error in calculating the point pair feature descriptor is small, 

we use the method of consistent normal vectors to process the 

target object and local point cloud, as shown in Figure 5. 

 

Figure. 5 Consistency processing of model point cloud normal vectors 

3. EXPERIMENT 

3.1 Experimental Environment 
This experiment was implemented in the Pytharm 

development tool in the Windous 11 operating system, with 

Python version 3.8. The deep learning framework is Python, 

version 1.13.1, corresponding to CUDA version 11.6. The 

experimental GPU is NVIDIA GeForce RTX 3060, and point 

cloud data is processed using OpenCV library version 4.6 and 

PCL library version 1.12.1. 

3.2 Instance Segmentation Results 
After using the Mask R-CNN network to train the cat, 

dinosaur, and rabbit models in the HomebrewDB dataset, 340 

scene images were tested in the HomebrewDB dataset. The 

recognition accuracy P and recall R of the three target objects 

were calculated, and the recognition effect was 

comprehensively evaluated using the harmonic mean F, as 

shown in Table 1. 

Table 1. Mask R-CNN training results 

Model P R F 

Cat 61.19% 72.21% 66.70% 

Dinosaur 69.34% 78.52% 73.93% 

abbit 67.14% 73.68% 70.41% 

Total 65.89% 74.80% 70.34% 

The target recognition results for some example images are 

shown in Figure 6, which intuitively shows that the target 

recognition position matches the actual position of the image, 

indicating that this training result can effectively recognize the 

position of the target. 

 

Figure.6 Target object recognition results 
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3.3 Pose Estimation Results 
Compare the efficiency of target pose estimation of traditional 

point to feature and point to feature target pose estimation 

based on instance segmentation in the real environment. First, 

use the same Downsampling scale coefficient of 20% for 

model and scene point cloud to Downsampling them, 

respectively process the scenes in HomebrewdDB dataset in 

the form of traditional filtering and instance segmentation, 

and then input them into the improved point to feature pose 

estimation method in Chapter 3 Perform point to point feature 

calculation on three rabbit models, and verify their average 

error ADD after matching with the scene. If the average error 

is less than 0.05, it is determined that the matching is 

successful. Finally, the recognition rates and recognition time 

consumption of these three models in 340 real scene point 

clouds from the HomebrewedDB dataset were calculated, as 

shown in Table 2. 

Table 2. Comparing the traditional PPF algorithm with 

our algorithm on three models 

Model 
Drost-PPF Our 

R Time (s) R Time (s) 

Cat 0.615 17.3 0.690 5.5 

Dinosaur 0.560 34.5 0.727 7.7 

Rabbit 0.673 13.2 0.672 4.1 

At the same time, compared with other algorithms that also 

test the target model pose estimation on the HomebrewedDB 

dataset, these algorithms have different advantages in 

recognition accuracy and recognition efficiency. The 

algorithm in this paper has obvious advantages in target pose 

estimation efficiency and accuracy. The improvement, 

especially the improvement in efficiency is very obvious, as 

shown in Table 3. 

Table 3. Comparing the traditional PPF algorithm with 

our algorithm on three models 

Method Data Type R Time (s) 

Drost-PPF D 0.615 20.7 

CRT-6D RGB 0.603 3.8 

PointVoteNet2 RGB-D 0.556 21.9 

Pix2Pose RGB-D 0.711 10.5 

Our RGB-D 0.693 6.3 

 

The following visually shows the 3D target recognition and 

pose estimation effect of the algorithm proposed in this paper. 

The red point cloud is the pose of the target in the scene, as 

shown in Figure 7. 

 

Figure. 7 Model pose estimation results 

4. CONLUSION 
This paper proposes a pose estimation algorithm based on 

Mask R-CNN network instance segmentation after processing 

the target object in the scene. Compared with the traditional 

pose estimation algorithm based on point pair features, this 

algorithm greatly reduces the input in real scenes. The number 

of scene point clouds; at the same time, when constructing the 

point pair feature between the target object and the scene 

point cloud, ensure that the normal vector direction of the 

point cloud is consistent. The method in this paper effectively 

solves the problem of low efficiency and accuracy of pose 

estimation due to the huge amount of scenic spot cloud data in 

the real scene. 
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Abstract: To produce Augmented reality learning media products based on Discovery learning on circulatory system material, 

assessing the feasibility and effectiveness of Discovery learning based Augmented reality learning media products on circulatory 

system material in the learning process of class XI students at SMA Plus Sedayu Nusantara. This research is a Research and 

Development (R & D) development research with the ADDIE development model. Subjects included 2 material experts, 2 media 

experts, 3 students in the individual test, 9 students in the small group test, and 30 students in the limited field test. The results showed 

that: Augmented Reality learning media based on Discovery Learning on the circulatory system is very suitable to be used as a 

learning resource in learning material for the Circulatory System Class XI SMA; Discovery Learning-based Augmented Reality 

learning media on the circulatory system is very effective in use, testing the effectiveness of Discovery Learning-based Augmented 

Reality learning media products on the circulatory system fulfills the criteria of being effectively used which is shown from the results 

of product effectiveness testing using the t-test on different independent test tests. The average result of the assessment in the 

experimental class was that the average score of the learning outcomes test was higher than the average result of the control class 

students who did not use learning media. 

 

Keywords: augmented reality; discovery learning; human circulatory system; biological literacy 

 

1. INTRODUCTION 
IPA is knowledge related to how to find out about nature 

systematically so IPA is not only mastering a collection of 

knowledge in the form of facts, concepts, or principles but 

also a process of discovery because IPA is a collection of 

systematic theories. , its application is generally limited to 

natural phenomena, born and developed through scientific 

methods such as observation and experimentation, and 

requires a scientific attitude such as curiosity, openness, 

honesty, and so on. According to Susanto [1] argues that 

science or science is a human effort to understand the universe 

through observations that are right on target, using 

procedures, and explaining by reasoning to get a conclusion. 

Science is part of the subjects that are developed based on the 

achievement of three aspects, namely knowledge, attitudes, 

and skills. Biology as part of natural science is a study related 

to how to find out about nature systematically so that biology 

is not only the mastery of a collection of knowledge in the 

form of facts, concepts, and principles but also a process of 

discovery [2]. 

 

Augmented reality is a technology that combines virtual or 

virtual world objects with the real world. This technology is 

generally developed on desktop PCs along with technological 

advances, many applications adopt this technology into a 

smartphone applications. The application of this technology 

can facilitate learning by displaying objects. 3D and 

animation that students are expected to better understand the 

material [3]. Advances in multimedia technology, especially 

learning multimedia, can help increase interest in learning 

because everything is completely digital, one of which is by 

utilizing mobile devices. The combination of the world of 

technology and education can provide benefits to the learning 

process because it has great potential for teaching 

development, such as through Augmented reality technology. 

The use of Augmented reality technology in learning has 

advantages, one of which is that it can train the creativity and 

imagination of students [4]. 

 

From the results of Qumilaila's research [5] Augmented 

reality technology as a medium of learning has several 

advantages. AR allows digital content (audio, video, 2D and 

3D objects) to appear to merge with the real world through a 

device. Augmented reality also enables content learning in 

three dimensions (3D), so that it can visualize things that are 

hard to see. In addition, AR's ability to present virtual objects 

to the real world in real time can activate students' sense of 

presence, immediacy, and immersion. 

 

1.1  Learning Outcomes of Biology 
Biology is one of the sciences that is part of the Natural 

Sciences (IPA) group. IPA is a science that studies natural 

phenomena, both material and abstract. The results of this 

natural science can come from experiments, direct 

observations, or with other scientific methods [6]. Whereas 

biology material that is integrated with science, many of 

which are not supported by a complete laboratory, cannot be 

practiced directly and media is needed to visualize it. Such 

material is for example the circulatory system, digestive 

system, heart work, excretory system, cell structure in both 

plants and animals, the solar system, the movement of animals 

on the seabed, and so on. 
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According to Qumilaila [7], biological material can be seen as 

something simple, but it can also be seen as something 

complicated and complex. Based on the results of Haka's 

research and discussion [8], interactive multimedia integrated 

with scientific values are very suitable for use as a biology 

learning medium. 

 

Many materials in biology subjects cannot be visualized 

directly, so they need certain media. Visualization through 

learning media is one way that can be done to make it look 

real. Biology materials will be more interesting and easy to 

learn by packaging them in a digital format. For example, 

material about cells, and cell images presented in the form of 

ordinary/two-dimensional (2D) images will certainly be 

different from cells presented in the form of three-dimensional 

(3D) animation. 

 

Jayawardana [9] said that teachers need to design classroom 

learning activities that combine the use of various kinds of 

technology. With a large number of digital tools and various 

kinds of information in them, education is needed to guide 

and foster all of these digital learning processes (e-learning). 

Digital The teaching and learning process is often faced with 

abstract material beyond the daily experiences of students so 

that the material becomes difficult for teachers to teach and 

difficult for students to understand. 

 

1.2 The Nature of Augmented Reality 

Arnaldi [10], Augmented Related is a technology that has 

sparked many fantastic and interesting things but delivered 

little. Many have made a virtual reality into the real world and 

created sensational videos that make the audience believe that 

what is experienced feels real, then visualize the sofa that will 

be purchased next as if it is presented in the living room, even 

as if it is presenting someone who has died. In short, real life 

would be exactly like a television series. 

 

Augmented Reality technology is a technology that can 

combine real and virtual situations displayed in real-time [11]. 

Augmented reality is the result of technology that can 

combine the virtual world and the real world that can be used 

by a teacher because he can project something abstract so that 

it can be interactive [12]. This technology can combine the 

real world and the virtual world that raises or projects in all 

directions according to what we want. The application of this 

technology aims to enable students to conduct experiments 

thereby increasing learning motivation. Its use can 

communicate objects in the virtual world to be used as a 

positive display so that it looks quite good, it will feel like you 

are in a much more concrete experience because of the 

limitations of the five human senses which cannot see directly 

abstract natural phenomena. 

 

According to Qumilaila [13], Augmented Reality technology 

as a medium of learning has several advantages. AR allows 

digital content (audio, video, 2D and 3D objects) to appear to 

merge with the real world through a device. Augmented 

Reality also enables content learning in three dimensions (3D) 

so that it can visualize things that are hard to see. In addition, 

the ability of Augmented  Reality to present virtual objects to 

the real world in real time can activate a sense of presence, 

closeness, and immersion in students. 

 

Augmented reality, is a technology that can incorporate a 3D 

object into a real environment using webcam media. This 

technology has now been widely developed in developed 

countries for various purposes including educational purposes 

[14]. 

 

 

                 
Figure 1. Augmented Reality organs of the human circulatory system 

 

 

1.3  Discovery Learning Models 
Discovery learning is learning based on discovery (inquiry-

based), constructivism, and the theory of how to learn. 

According to the view of constructivism, learning is an active 

process of students constructing meaning, discourse, dialogue, 

and physical experience in which the assimilation process 

occurs and connects the experience or information that has 

been learned [15]. The discovery learning model is also 

known as an inquiry approach starting from a belief in the 

development of students independently. This model requires 

active participation in scientific investigations. 

 

The discovery learning model is a learning theory that is 

defined as a learning process that occurs when students are 

not presented with lessons in their final form but are expected 

to organize themselves. In Bruner's opinion [16], "Discovery 

learning can be defined as the learning that takes place when 

the student is not presented with the subject matter in the final 

form, but Raher is required to organize it himself", where 
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Bruno's basic idea is the opinion from Piaget which states that 

children must play an active role in learning in the classroom. 

 

According to Khasinah [17], the Discovery learning method is 

an active and direct learning style developed by Jerome 

Bruner in the 1960s. Bruner emphasized that learning must be 

done while doing or learning by doing. With this method, 

students actively participate and not just passively receive 

knowledge. Discovery learning denotes a general instructional 

approach that represents the development of constructivist 

learning for school-based learning environments. The 

procedures for applying the Discovery learning model, 

namely: (1) Stimulation; (2) Problem Statements; (3) Data 

Collections; (4) Data Processing; (5) verification; and (6) 

Generalizations. 

 

Table 1. Discovery Learning model steps in Biology learning 

 

No Syntax Activities on Circulatory System Material and Digestive System 

1 stimulation 

Providing 

stimulation 

a)  Given a problem that has no solution, for example viewing and observing 3D images of diseases 

related to the circulatory system motivates them to investigate and solve the problem. 

b)  Students see and observe 3D images, namely pictures of food and digestive organs 

c)  The teacher facilitates them by giving questions, and directions for reading books or texts. 

2 Problem 

Statements 

Problem 

Identification 

a)  Students are given the opportunity to identify as many problems as possible related to the 

circulatory and digestive systems and their mechanisms, then formulated in the form of hypotheses 

or temporary answers to the problems set. 

3 Data 

Collections 

Data Collection 

a)  Students explore to collect relevant data or information by reading, literature, and observing objects, 

such as the structure of the heart organ, blood vessels, and small and large blood circulation 

mechanisms through 3D Augmented Reality objects 

b)  Students try to answer questions or prove the truth of the hypothesis. 

c)  Students seek information about food substances and their functions, digestive organs, and their 

working mechanisms through 3D Augmented Reality objects. 

4 Data Processing 

Data Processing 

a)  Students process the data or information they obtained in the previous stage and then analyzed, and 

interpreted it. All information, both from readings, interviews, and observations, is processed, 

classified, and tabulated by discussing with the group to get solutions to problems, for example 

formulating the mechanism of the circulatory and related systems and the digestive system of food 

and compiling a healthy menu. 

5 Verification 

 

a)  Students carry out careful verification to test the hypothesis set by alternative findings, linked to the 

results of data processing. 

b)  Think critically to solve problems by discussing ways to look for ways to prevent disease in the 

human circulatory system and digestive system and answer the questions. 

6 Generalizations 

Draw 

conclusions 

a)  Draw conclusions that can be used as general principles and apply to all the same incidents or 

problems, taking into account the verification results. 

b)  Presenting the results of group discussions around the circulatory organs, large and small circulatory 

systems, and efforts to prevent circulatory system diseases. 

c)  Presenting the results of group discussions regarding the digestive organs, food substances, their 

functions, and healthy menus. 

 

Hosnan [18] and Haerullah and Hasan [19], stated the 

advantages of the discovery learning model, namely as 

follows: (1) Helping students to improve and enhance 

cognitive skills and processes; (2) The knowledge obtained 

through this model is very personal and powerful because it 

strengthens understanding, memory, and transfer; (3) Can 

improve students' ability to solve problems; (4) Helping 

students strengthen their self-concept, because they gain trust 

in working with others; (5) Encouraging student involvement; 

(6) Encourage students to think intuitively and formulate their 

hypotheses; (7) Train students to learn independently; and (8) 

Students are active in teaching and learning activities because 

they think and use their abilities to find the final result. 

 

Based on the problems, the research problems are formulated 

as follows: (1) How is the development of Augmented reality 

learning media products based on Discovery learning on the 

circulatory system material; (2) How is the feasibility of 

Augmented reality learning media products based on 

Discovery learning on circulatory system material; (3) How is 

the effectiveness of Discovery learning-based Augmented 

reality learning media products on the circulatory system 

material. 

 

2. METHOD 
This research is Research and Development (R & D) 

development research. Research methods are used to produce 

certain products, and test their effectiveness of these products. 

According to Sugiono [20], to be able to produce certain 

products, research that needs analysis is used, and to test the 

effectiveness of these products so that they can function 

widely in society. The model used in development research is 

the ADDIE development model, namely Analysis, Design, 

Development or Production, Implementation or Delivery, and 

Evaluations. 

 
 

Figure 1. ADDIE Model Process Flow [21] 
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Research and development (research and development) is a 

series of processes or steps to develop a new media or 

improve existing media so that it can be accounted for [22]. 

 

The research location is Sedayu Nusantara Plus High School, 

which is located at Jl Marelan Pasar III Timur, Rengas Pulau, 

Medan City, where this school is a cadet school. When the 

research was conducted in odd semesters. 

 

The research subjects were students of class XI SMA Plus 

Sedayu Nusantara where the study population consisted of all 

students of class XI SMA Plus Sedayu Nusantara which 

consisted of 7 classes, namely class XI Mia 1 to class XI Mia 

7 class with a total of 205 students. Students as respondents 

consisted of two classes, namely the control class and the 

experimental class. The control class (XI Mia 1) had 30 

respondents, while the experimental class (XI Mia 2) had 30 

respondents. The object of this research is Augmented Reality 

learning media based on Discovery Learning on the human 

circulatory system. 

 

Table 2. Expert Validation Questionnaire Assessment 

Qualification Criteria, and Student Response Instruments 

to Discovery Learning-based Augmented Reality Learning 

Media 

 

percentage of 

Achievement Level 
Eligibility Description 

81,26% ≤ X < 100% Very 

good/Valid 

No need for revision 

62,6%   ≤ X < 

81,25% 

Good/Valid No Revision 

Required 

43,76% ≤ X < 

62,25% 

Invalid Revision 

25%      ≤ X < 39 % very Invalid Revision 

     Source : (Akbar, [23]) 

 

Based on the quantitative data from the results of the validator 

by material experts, media experts, and student response 

questionnaires, the next step is to analyze the data and 

calculate the percentage level of achievement based on the 

formula:  

 
Keterangan:  

x: The answer score from the validator 

xi: Score the highest answer 

P: Presentation of eligibility level 

 

The feasibility and effectiveness criteria achieved for use in 

media development are described in the following table. 

 

Table 3. Media Eligibility Criteria 

 

No Score in Percentage (%) Eligibility Category 

1 80  ≤ P < 100 Very Eligible 

2 60  ≤ P < 80 Eligible 

3 40  ≤ P < 60 Adequate 

4 21  ≤ P < 40 Inadequate 

5 P < 21 Very Inadequate 

 

The developed Augmented Reality learning media gets a 

positive response from students if the percentage obtained 

from the student response questionnaire reaches a score of 

≥60%, then the learning media is categorized as feasible and 

effective. 

 

Product Effectiveness Test Data Analysis Techniques 

The effectiveness test aims to obtain information about 

whether or not the product development being tested is 

effective in the learning process.  

 

Based on the formulation of the first problem, namely whether 

the Discovery Learning-based Augmented Reality Learning 

Media developed is feasible to use. Discovery Learning-based 

Augmented Reality Learning Media can be said to be feasible 

to use based on the results obtained from expert validation 

regarding suggestions and improvements related to the 

Discovery Learning-based Augmented Reality Learning 

Media that was developed. The next step is to carry out 

individual trials of 3 students, and small group tests of 9 

students to find out the response to the Discovery Learning-

based Augmented Reality Learning Media that was 

developed. Then a field trial was carried out with 26 students 

to find out the responses to the Augmented Reality Learning 

Media based on Discovery Learning that was made. 

 

Based on the formulation of the next problem, namely 

whether the Discovery Learning-based Augmented Reality 

Learning Media developed is effective for improving Biology 

learning outcomes. Learning is said to be effective if there are 

significant differences in learning outcomes between classes 

that are given treatment and classes that are not given 

treatment. The hypothesis uses the mean difference test or t-

test. The t-test is the average difference to find out whether 

there is a significant difference at the 0.05 significance level 

with Microsoft Excel 19. 

 

The hypothesis formulated is: 

Ho: µ1 = µ2 (there is no average difference between the 

treated and untreated classes). 

Ha: µ1 ≠ µ2 (there is an average difference between the 

treated and untreated classes). 

Decision-making Ho is accepted if the significance is greater 

than 0.05. The following is the calculation using the 2 

difference test on the population average according to Sudjana 

(2009): 

 

 
Where: 

𝑋̅1 = total average score of the experimental class sample. 

𝑋̅2 = total average score of the control class sample. 

𝑠    = standard deviation 

 

3.  RESULTS AND DISCUSSION 

3.1 Results 
The results of the assessment by media experts, material 

experts, individual trials, small group trials, and limited field 

trials for all aspects of the assessment are determined by the 

average score. The results of the assessment are then analyzed 

and determined whether or not it is appropriate to develop 

Discovery Learning-based Augmented Reality Learning 

Media on the material of the human circulatory system. The 

average percentage of the results of the assessment of media 

experts, material experts, individual trials, small group trials, 

and field trials is as follows: 
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Table 4. Average Percentage of Assessment Results on 

Discovery Learning-based Augmented Reality Learning 

Media on Human Circulatory System Material 

 

No Categorization 

Percentage 

of average 

score % 

Criteria 

1. Media Expert 

Validation 

89,21 very feasible 

2. Material Expert 

Validation 

95,83 very feasible 

3. Individual Trial 86,74 very feasible 

4. Small Group Trial 88,62 very feasible 

5. Field Test 88,03 very feasible 

Total Average 89,69 very feasible 

  

Augmented Reality Learning Media based on Discovery 

Learning on the material of the human circulatory system 

from the validation of experts along with trials showed a 

percentage of 95.83% in media validation, 89.21% in material 

validation, 95.83% in individual trials, 86.74% small group 

trials, 88.03% in field trials. Overall, the average percentage is 

included in the "Very Eligible" category, which means that 

the use of Augmented Reality Learning Media based on 

Discovery Learning on the human circulatory system material 

meets the needs of students. 

 

The data that has been obtained and processed, results that the 

highest score for the experimental class is 94 and the lowest 

score is 44. The mean value is 70.90, the median (Me) value 

is 72.22 and the mode value (Mo) is 83 and the standard 

deviation value is 14.56. For more details, see the following 

data. 

 

Table 5. Learning Outcomes Using Discovery Learning-

based Augmented Reality Learning Media on the material 

of the human circulatory system 

 

Class Interval Class F. Absolut F. Relatif % 

1 44 – 52 5 16,67 

2 53 – 61 6 20,00 

3 62 – 70 2 6,67 

4 71 – 79 6 20,00 

5 80 – 88 8 26,67 

6 89 - 97 3 10,00 

 TOTAL 30 100 

 

From the data obtained, is then calculated and the result is that 

the highest value in the control class is 78 and the lowest 

value is 17. The average value is 55.37, the median value 

(Me) is 55.56 and the mode value (Mo) is 56.61, 67, 72 and 

the standard deviation value is 6. For more details, see the 

following data: 

 

Table 6. Student Learning Outcomes Using Augmented 

Reality learning media based on Discovery Learning 

 

Class Interval Class F. Absolut F. Relatif % 

1 17-26 1 3,33 

2 27-36 2 6,67 

3 37-46 6 10,00 

4 47-56 7 23,33 

5 57-67 8 26,67 

6 68–77 6 20,00 

TOTAL 30 100 

 

 The analysis requirements test performed is the 

normality and homogeneity tests. Testing was carried out 

using the Liliefors test. A summary of the normality of the 

two samples can be seen in Table 7 below: 

 

Table 7. Summary of Data Normality Test with Liliefors 

 

N

o. 
Data Class Lcount Ltable 

Con

clus

ion 

1 

Post

-tes 

Class XI student 

learning outcomes 

on the circulatory 

system using 

Augmented Reality 

learning media 

based on Discovery 

Learning 

0,083 0,161 

Nor

mal 

2 

Class XI student 

learning outcomes 

on the circulatory 

system without 

using Augmented 

Reality learning 

media based on 

Discovery Learning 

0,069 0,161 

Nor

mal 

 

Thus the pre-test values for the experimental class and control 

class Lcount < Ltable, while the post-test values for the 

experimental class and control class Lcount <Ltable, it is 

synthesized that the two sample group data are normally 

distributed. 

 

Homogeneity test analysis using the F test is to prove the 

largest variance and the smallest variance with the formula: 

 

 
A summary of the homogeneity of the two samples is seen in 

Table 8 below: 

 

Table 8 Summary of Data Homogeneity Test 

 

N

o. 
Data Class Fcount Ftable 

Conclu 

sion 

1 

Post

-test 

Class XI student 

learning outcomes 

on the circulatory 

system using 

Augmented 

Reality learning 

media based on 

Discovery 

Learning 0.078 1.080 
Homo 

gen 

2 

Class XI student 

learning outcomes 

on the circulatory 

system using 

expository-based 

Augmented 

Reality learning 

media 

 

So it can be seen that Fcount <Ftable at a significant level of α 

= 5% states that the data of the two samples have a 
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homogeneous variance and it can be concluded that the 

research data meets the requirements for hypothesis testing. 

 

Hypothesis testing uses the t-test with the formula, namely: 

 

t =  

 

 

The following is the formulation of this statistical hypothesis, 

namely: 

Ho :  µA1 ≤ µA2  

Ha :  µA1 > µA2 

 

Information: 

µA1: average student learning outcomes taught using 

Augmented Reality learning media based on Discovery 

Learning 

µA2: average student learning outcomes taught using 

expository-based Augmented Reality learning media 

 

The t-test is used as a hypothesis-testing tool because the 

research data is normally distributed and homogeneous. The 

hypothesis in the research is: 

Ho: Augmented Reality Learning Media based on Discovery 

Learning is not effective in improving Biology learning 

outcomes. 

Ha: Augmented Reality Learning Media based on Discovery 

Learning effectively improves Biology learning outcome 

 

 

From the results of testing the hypothesis obtained t count = 

1,699 and t table 2,045 so that t count = 1,699 < t table 2,045, 

so that H0 is accepted, it can be concluded that there is a 

significant difference in the learning achievement of class XI 

students using Augmented Reality learning media based on 

Discovery Learning on the circulation system blood compared 

without using Augmented Reality learning media based on 

Discovery Learning. 

 

3.2  Discussion   

Augmented Reality learning media products based on 

Discovery Learning on the circulatory system were developed 

through the student trial stage and the validation stage of 

material experts and learning media experts and with product 

revisions that have been carried out based on the advice of 

experts, students, and teachers, Augmented learning media 

products are produced Reality-based Discovery Learning on 

the circulatory system that is feasible and effective for 

students and teachers to use in the learning process for high 

school class XI students. This is also in line with the results of 

Mauludin's research [24], conducting research on the 

effectiveness of Augmented Reality learning media products 

which shows that the Android version of the Augmented 

Reality application is considered attractive and acceptable to 

students and teachers as an alternative learning media for the 

human excretory system, as well as being effective. in 

assisting the learning process of biology in class. 

 

Using this product will greatly assist teachers and students in 

understanding the material in the learning process. The 

advantages of this learning media product are (1) Displaying 

3D object images on the organs displaying the structure of the 

human body, namely the circulatory system in the form of red 

blood cells, white blood cells, blood vessels, and especially 

the 3D view of the heart organ. and displays the circulatory 

mechanism of the circulatory system. (2) In addition to seeing 

3D views and images as if they were real, it provides an 

interesting learning experience for students. And according to 

the results of Qumilaila's research [25] the opportunities for 

Augmented Reality to be accessed by the community 

including students are open. (3) The material for this learning 

media product also links the circulatory system material with 

the Discovery Learning learning method so that it stimulates 

students' analytical thinking skills to make their conclusions 

from the material that has been obtained. According to 

Khasinah [26] that the Discovery learning method is an active 

learning style, that learning must be done while doing or 

learning by doing. And in the research process, students tend 

to study actively and have group discussions after using 

Discovery Learning-based Augmented Reality learning 

media. (4). Learning is independent so learning tends to be 

Student-Centered Learning (focusing on student activity). 

 

According to the research results of other researchers, 

Widyaningsih & Wulandari [27], Ainni & Budi [28], Lauryn 

[29] & Mauluddin [30], the use of Augmented reality as a 

learning medium can help students to understand concepts and 

theories, stimulate students to think conceptual and feel 3D, 

improve the image (representation and perception, create an 

interactive and attractive and more fun learning atmosphere). 

From the results of this study, it is evident that Discovery 

Learning-based Augmented Reality learning media products 

in the circulatory system is feasible and effective and are used 

as learning media that can help students understand concepts 

and theories, stimulate students to think conceptually and 

experience 3D learning to improve the picture in thinking and 

create an interactive and attractive learning atmosphere and 

fun. 

 

Discovery Learning-based Augmented Reality learning media 

products in the circulatory system are products that are 

effectively used based on evidence of analysis of student 

learning outcomes in the control class and experimental class. 

It was found that the experimental class that used Discovery 

Learning-based Augmented Reality learning media on the 

circulatory system had higher learning outcomes than the 

control class that did not use Discovery Learning-based 

Augmented Reality learning media products on the circulatory 

system. In addition, effectiveness is also evidenced by an 

assessment of student responses showing a motivated attitude 

and providing a fun, active, and innovative learning 

experience. Data analysis was also carried out in testing the 

effectiveness of Augmented Reality learning media products 

based on Discovery Learning on the circulatory system 

fulfilling the criteria for effective use which is shown from the 

results of product effectiveness testing using the t-test on 

different independent test tests. The average value of the two 

groups of students, namely the control class and the 

experimental class, was then tested with the t-test [31]. The 

average result of the assessment in the experimental class was 

that the average score of the learning outcomes test was 

higher than the average result of the control class students 

who did not use learning media. 

 

4.  CONCLUSION 
Augmented Reality learning media based on Discovery 

Learning on the circulatory system is very suitable to be used 

as a learning resource in learning material for the Circulatory 

System Class XI SMA. This feasibility has been assessed and 

validated by experts in their fields, namely material experts 

and learning media experts, and then with suggestions from 

experts, revisions to learning media products are carried out to 

produce better and ready-to-use products. In addition, the 

teacher's assessment of the biology study of the learning 
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media products developed was followed by product revisions 

according to suggestions. Based on the trials of class XI 

students at SMA Plus Sedayu Nusantara in individual trials, 

small group trials, and large group trials which were carried 

out, the results of this product were very feasible to use and 

developed to increase student learning outcomes, strengthen 

discussion learning (student-centered learning), to conclude 

(Discovery Learning), and improve students' thinking skills. 
 

Augmented Reality learning media based on Discovery 

Learning on the circulatory system is very effective to use. 

This is evidenced by the assessment of student responses 

showing a motivated attitude and providing a fun, active, and 

innovative learning experience. In addition, in testing the 

effectiveness of Augmented Reality learning media products 

based on Discovery Learning in the circulatory system, it 

meets the criteria for effective use, which is shown from the 

results of product effectiveness testing using the t-test on 

different independent test tests. The average result of the 

assessment in the experimental class was that the average 

score of the learning outcomes test was higher than the 

average result of the control class students who did not use 

learning media. 
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Abstract: As a branch of image recognition, facial expression recognition helps to carry out medical, educational, security and other 

work more efficiently. This article combines deep learning knowledge and conducts research on expression recognition based on 

DenseNet121, a dense convolutional neural network that integrates attention mechanisms for multi-scale feature extraction. Firstly, in 

response to the insufficient ability of DenseNet121 to extract complex facial expression features, multi-scale feature extraction dense 

blocks were introduced to replace DenseBlocks used to extract features of different sizes; Secondly, using multi-scale feature 

extraction convolutional blocks to replace the large convolutional kernel at the head of DenseNet121 further enriches feature 

extraction; Finally, in order to extract more important features from the channel dimension, we consider combining ECA channel 

attention mechanism to help improve model performance. The experiment proves that the model proposed in this chapter has improved 

recognition accuracy by 2.034% and 3.031% compared to DenseNet121 on the FER2013 and CK+datasets, respectively. It also has 

certain advantages compared to other commonly used classification models. 
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1. INTRODUCTION 
There are various ways for humans to convey emotions, such as 

language, voice, facial expressions, and body movements. 

Research has shown that among various emotional expression 

methods, facial expressions carry the most abundant emotional 

expression and can comprehensively reflect the emotions and 

psychological status of the speaker at that time. Facial 

expressions, as an important way of conveying information 

between people in our daily lives, also convey a rich and 

efficient amount of information. Therefore, studying facial 

expression recognition has significant social significance and 

practical value for our human emotional analysis and 

psychological assessment. The field of facial expression 

recognition, as an important component of image recognition 

technology, is showing an unprecedented development trend. 

Currently, large-scale software and hardware foundations have 

been fully popularized. With the support of hardware 

foundations, the application market of facial expression 

recognition is very broad, and the demand in various fields is 

also very large. This technology can be applied to multiple 

fields, such as medical treatment, education, driving safety, etc. 

Traditional facial expression recognition algorithms mainly use 

manually designed feature extraction algorithms, such as LBP, 

HOG, and other feature operators, which have average 

extraction results and low efficiency. After the emergence of 

deep learning technology, it can perform end-to-end feature 

extraction and classification work, opening up a new direction 

for the field of facial expression recognition. This article takes 

into account the shortcomings of traditional feature extraction 

algorithms, and uses the DenseNet convolutional neural network 

model in deep learning to conduct research. In order to enrich its 

feature level extraction capabilities, multi-scale feature 

extraction convolutional blocks, multi-scale feature extraction 

dense blocks, ECA channel attention mechanism are introduced, 

and an improved DenseNet model is constructed and obtained, 

The improved DenseNet model has better feature extraction 

capabilities in the field of facial expression recognition. 

2. RELATED WORK 
The research on facial expression recognition was first proposed 

by British biologist Darwin in the 19th century. Early facial 

expression recognition work belongs to the field of psychology. 

By studying the relationship between facial expressions and 

psychological states, it helps to discover the relationship 

between facial expressions and psychological states and explore 

some observation and treatment methods. In 1971, psychologist 

Ekman[1] and his research partner Friesen proposed a facial 

action encoding system by dividing facial muscle action units 

and analyzing the corresponding relationships between different 

expression categories and facial muscle units. The system 

marked the facial muscle action units and provided 

corresponding formulas for the expression types obtained from 

different combinations of markers, which had a certain impact 

on subsequent facial expression recognition work. Until 1978, 

Suwa et al. [2] were the first to use computer technology for 

facial expression recognition, with the aim of achieving efficient 

automatic recognition of facial expressions. In 1991, Mase et al. 

[3] proposed an optical flow method for facial expression 

recognition using optical flow as the expression feature of 

expressions. The development of computer technology has 

driven the maturity of facial expression recognition technology. 

Traditional methods commonly use handmade features, and 

Gabor filters [4] have shown certain advantages in feature 

extraction for facial expressions, improving the recognition rate 

of facial expressions, but the algorithm complexity is relatively 

high. Other traditional manual feature algorithms include 

extracting local grayscale features using local binary patterns [5] 

to assist in recognition, and finally using SVM [6] for 

classification, LBP-TOP [7] on three orthogonal planes, etc. 

Luo et al. [8] proposed an improved principal component 

analysis facial expression recognition algorithm for static 

expression recognition. The grayscale features extracted from 

local binary patterns were used to assist in the global grayscale 

processing of facial expression recognition, and SVM was used 

for classification. Simulation experiments showed that this 

method can effectively classify different expressions. 

In recent years, with the development of modern information 

technology and the continuous improvement of computer 

computing power, deep learning technology has rapidly 

developed and widely applied in the field of image processing. 

The focus of facial expression recognition has gradually shifted 

from traditional manual feature operators to generalization and 

strong classification capabilities in neural networks. By using 

computer vision algorithms and deep learning algorithms, visual 

observations similar to those of the "human eye" can be 

achieved in some scenes in daily life, Recognition functions, 

such as facial recognition for entering and exiting large venues, 

facial expression recognition for analyzing emotions, and scene 

recognition for the environment, can be applied. The rapid 

development of deep learning has led foreign scholars to use 

this technology to carry out facial expression recognition work 

on large datasets, and have made certain progress. For example, 

Lopes et al. [9] preprocessed facial expression data, constructed 

multi-layer convolutional neural networks for feature features, 

and inputted the extracted features into a classifier for facial 

expression classification. Experiments have shown that good 

recognition rates have been achieved on the CK+dataset. Later, 

the development direction of deep learning in classification 

tasks was mainly to improve recognition rate by deepening the 

depth and width of the network. A series of models began to 

emerge, such as AlexNet, VGGNet, ResNet, MobileNet, 

DenseNet, etc. The models had better performance in 

classification tasks. 

3. PROPOSED METHOD 

3.1 Multi scale feature extraction of dense 

blocks  
In response to the lack of complex feature extraction ability in 

the DenseNet121 model, in order to make the features extracted 

by DenseNet121 richer and more significant, this paper 

proposes a multi-scale feature extraction dense block, which 

improves the structure of the DenseLayer single branch in the 

original DenseNet121 dense block Denseblock. As shown in 

Figure 1, 

 

Figure. 1 Multi scale feature extraction of dense blocks 

 the number of convolutional kernels in the original Denselayer 

is reduced by half, At the same time, another convolution 

branch is developed in the feature extraction process. The new 

branch is composed of two convolutions of size 3 and one 

convolution of size 1. The purpose of this design is to provide 
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different scales of Receptive field for feature extraction, 

compared with the 3 provided by the original single trunk 

branch 3 × 3 Receptive field, multi-scale feature extraction 

dense block can provide 3 × 3 and 5 × 5 With two sizes of 

Receptive field, this structural design is convenient to better 

capture targets of different sizes and improve the effectiveness 

of feature extraction. 

3.2 Multi-scale feature extraction 

convolutional blocks 
The first layer of DenseNet121 is a convolutional layer with a 

size of 7 and a step size of 2. This large convolutional kernel is 

used to extract the boundary information of the image, which 

consumes a lot of computation. In order to further improve the 

feature expression ability, this paper proposes a multi-scale 

feature extraction convolution block to convolution with a size 

of 7. Compared to methods such as enhancing channels, the 

effect is better. The specific structure of the multi branch feature 

extraction convolution block is shown in Figure 2,The specific 

structure of the multi branch feature extraction convolution 

block first uses a convolution with size 3 for dimensionality 

reduction, followed by two branch structures for processing. 

The first branch uses a convolution with size 1 and a 

convolution with size 3 for feature extraction, and the second 

branch uses a maximum pooling with size 2. This strategy 

similar to combination pooling can effectively enrich the feature 

layer. 

 
Figure. 2 Multi scale feature extraction of convolutional blocks 

3.3 Lightweight Channel Attention 

Mechanism ECA-Net 
In response to the problem of weak correlation between 

channels caused by the deepening of Dense121 layers, 

distinguishing different channels in the channel dimension will 

be helpful for the overall feature extraction work in facial 

expression recognition. Research has shown that the channel 

attention mechanism can help improve the feature extraction 

ability of convolutional neural networks. However, some 

current attention modules are designed more complex to achieve 

better performance indicators, making the overall model more 

complex. Here, an effective and lightweight channel attention 

module ECA-Net[10] is used, which has fewer overall 

parameters and excellent performance, and has better 

recognition performance gain for the overall model, ECA-Net is 

improved based on SENet. The core of ECA-Net is to use a 1D 

convolution and set an adaptive Kernel size to replace the 

channel dimensionality reduction of the fully connected layer, 

as shown in Figure 3. 

 
Figure. 3 Lightweight Channel Attention Mechanism ECA-Net 

 

3.4 Improved DenseNet Network 

Architecture 
On the basis of DenseNet121 model of dense convolutional 

neural network, in order to further improve its performance for 

facial expression recognition, the following work has been 

done: 1. A multi-scale feature extraction dense block is 

proposed to replace Denseblock in DenseNet121. The multi-

scale feature extraction dense block has a multi branch feature 

extraction architecture, providing Receptive field of different 

sizes, It can extract richer and more refined features. 2. A multi-

scale feature extraction convolutional block has been proposed 

to replace the top level convolution with a size of 7 in 

DenseNet121. Multiscale convolutional blocks can reduce 

computational consumption and better enhance feature 

expression capabilities, with better performance compared to 

methods such as channel enhancement. 3. On the basis of the 

improved model, the ECA channel attention mechanism was 

introduced, which increased the correlation between channels 

and improved the overall performance of the model in 

recognition work. Finally, the overall structure of a multi-scale 

dense convolutional neural network model integrating attention 

mechanism was proposed, as shown in Figure 4. 

 
Figure. 4 Improved DenseNet Network Architecture 

4. ANALYSIS OF EXPERIMENTAL 

RESULTS 

4.1 Analysis Dataset 

4.1.1  FER2013 Dataset 
We proposed a facial expression recognition and classification 

technology based on convolutional neural network.ln order to 
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improve the robustness of fer task, we used multiple Data sets 

for training to improve the practicability of the network in 

expression recognition task. The first Data set is FER2013[11], 

a large facial image database randomlycollected by 

Google.After rejecting incorrectly marked frames and adjusting 

the clipping area, all images are registeredand adjusted to 48 

pixels.FER2013 Dataset includes 35886 facial 

images，including 28709 training images，3589verification 

images and 3589 test images. All images may correspond to one 

of the seven expression classification labels:0 anger, 1 Disgust, 

2 fear;, 3 happy, 4 sad; 5 surprised; 6 Normal. The specific 

example is shown in Figure 5. 

 
Figure. 5  FER2013 Dataset 

 

4.1.2  CK+  Dataset 
The second Data set is CK+ Data set[12].CK+ Data set recorded 

the facial movements of 210 adults with two hardware 

synchronized cameras in the laboratory environment. The 

participants are aged between 18 and 50 years old.CK+ Data set 

records 593 facial movement image data,which are based on the 

labels of the subjects' seven basic emotion categories: fear, 

happiness, disgust, sadness, anger, contempt and surprise. 

4.2 Experimental pretreatment 
The experiment compared the results on the FER2013 dataset 

and the CK+dataset. In terms of data preprocessing, considering 

the large number of image datasets, in order to accelerate the 

convergence speed of model training, improve training 

efficiency, and shorten training cycles, the processing of the 

dataset is divided into the following steps: image grayscale 

processing, image size normalization processing, facial 

expression localization and cropping processing, The processed 

dataset images are uniformly presented as 48 × The pre 

processed grayscale image of 48 is shown in Figure 6. 

 
Figure. 6  Preprocessed images 

4.3 Experimental configuration 
The model proposed in this paper is based on pytorch deep 

learning architecture and runs on windows10 operating system. 

The GPU used is NVIDIA TiTan Xp. In the experiments of 

FER2013, the number of iterations is set to 250, the initial 

leaming rate is 0.01, and the learming rate is attenuated by 10 

times every 20 iterations.In the CK + dataset experiment, the 

number of iterations is set to 60, the initial leaming rate is 0.01, 

and the learning rate is attenuated by 5 times every 5 iterations. 

Multiple datasets are set to 128 batches. 

4.4 Experimental results and analysis 

4.4.1 Experimental results on FER2013 Dataset 
The confusion matrix obtained from the experiment of the 

improved model and DenseNet121 model on the Fer2013 

dataset is shown in Figure 7 and Figure 8. 

 
Figure. 7  The confusion matrix of this improved model on 

FER2013 dataset 

 
Figure. 8  The confusion matrix of DenseNet121 on FER2013 

dataset 
 

In order to further verify the progressiveness of the improved 

DenseNet model in the computer vision field of static 

expression recognition, we compared the accuracy with 

DenseNet121 and the public work of some common models of 

static expression recognition work scenes. The comparison 

results are shown in Table 1. 

Table 1. The comparison results of the improved model and 

common network models on the FER2013 dataset in this 

article 

Network mode Recognition rate（%） 

VGG19-BN 70.102 

DenseNet121 71.385 

ResNet32+CBAM 72.232 

ResNet50+SVM 72.552 

This paper 73.419 

4.4.2 Experimental results on CK+ Dataset 
The confusion matrix obtained from the experiment of the 

improved model and DenseNet121 model on the Fer2013 

dataset is shown in Figure 7 and Figure 8. 
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Figure. 8  The confusion matrix of this improved model on CK+ 

dataset 

 
Figure. 9  The confusion matrix of this improved model on CK+ 

dataset 

The comparison results between the improved model and 

common network models in this article on the CK+dataset are 

shown in Table 2. 

Table 2. The comparison results of the improved model and 

common network models on the FER2013 dataset in this 

article 

Network mode Recognition rate（%） 

VGG19-BN 93.816 

DenseNet121 94.949 

ResNet32+CBAM 94.512 

ResNet50+SVM 95.183 

This paper 97.980 

4.4.3 Analysis of experimental results 

By analyzing the experimental results of the improved 

DenseNet network and DenseNet121 on the FER2013 and 

CK+datasets, we found that due to the limitations of the 

network structure, DenseNet has average ability to extract 

complex facial expression features. After improvement, the 

DenseNet network improved its feature extraction ability, 

achieving the highest accuracy of 73.419% on the FER2013 

dataset, and an improvement of 2.034% compared to 

DenseNet121; The accuracy rate of 97.980% was achieved on 

the CK+dataset, and 3.031% was increased compared with 

DenseNet121. Observing the confusion matrix of the improved 

DenseNet network on the above dataset, it can be found that the 

model has a very high recognition rate for happy and surprised 

expressions, almost reaching 90% - 100%, but for some more 

complex expressions, such as fear and neutral expressions, the 

recognition rate is relatively general, On the FER2013 dataset, 

the recognition rate is only 55% -69%, indicating that the 

network has good recognition performance for facial 

expressions with obvious features and high discrimination. 

However, there is still room for improvement in recognition 

performance for facial expressions with insignificant category 

features, such as neutral facial expressions. 

Analyzing the recognition performance of the improved 

DenseNet model and commonly used network models for facial 

expression recognition on the public datasets FER2013 and 

CK+, it was found that the model proposed in this chapter has a 

certain leading recognition rate compared to the improved 

VGG19-BN, ResNet32+CBAM, ResNet50+SVM models on the 

two facial expression datasets FER2013 and CK+, reflecting the 

advantages of the model proposed in this chapter in facial 

expression recognition tasks. 

5. CONCLUSION 
This article selects DenseNet121, a dense convolutional neural 

network, for expression recognition work. It is found that 

DenseNet121 has a relatively average ability to extract complex 

facial features. After analyzing the structural characteristics of 

DenseNet, we consider improving the model structure of 

DenseNet121. Firstly, we improve the Denseblock in DenseNet 

by replacing the original Denseblock with dense blocks 

extracted from multi-scale features, Provide multi-scale 

Receptive field to facilitate the extraction of features of different 

sizes; Using multi-scale feature extraction convolutional blocks 

instead of the top level convolution with size 7 in DenseNet121, 

and introducing the ECA-Net channel attention mechanism to 

enhance the model's feature extraction ability from the channel 

dimension, an improved DenseNet model was finally proposed. 

The effectiveness of the proposed network improvement on 

DenseNet121 was verified through experiments on FER2013 

and CK+datasets, And progressiveness compared with other 

network models in facial expression recognition. 
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