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This paper presents report of a design work on petroleum leakage detection 
system. It is a system that is designed to monitor seepage of petroleum 
products across pipeline installations. The design work which was simulat-
ed on a PROTEUS software, consists of a gas detecting sensor (GH-312), 
an 8-bit (AT89C51) Microcontroller, an alarm system and a remote PC. It 
was implemented as a laboratory prototype to sense seepages, generate an 
alarm and also send an alert message to a PC at remote location. Testing of 
the prototype was carried out in the laboratory using methane gas which is a 
component gas contained in petroleum products. Result shows an actuated 
alarm (upon the release of gas from test tube) and an instant alert message 
on the PC.
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1. Background Study 

Leakages from petroleum pipeline have been a sub-
ject of major concern to inhabitants of pipeline 
installations. Emissions from these leakages are 

hazardous due to the toxicity of the gasses. Seepages can 
also cause explosion that may lead to immeasurable loss 
of lives. It can also lead to environmental degradation and 
ecosystem destruction. Two major causes of leakages are 
identified; natural cause (e.g ruptures due to ageing) and 
man-made (through vandalism). Empirical data in the lit-
erature (Ogbeni O, 2000), shows that the former accounts 
for only 2.4% of incidences of leakage while the latter 
accounts for about 97.5% of incidences. 

Pipeline vandalism refers to a deliberate act of damag-
ing petroleum pipelines with criminal financial intent. In 
Nigerian context, it is termed oil bunkering or sabotage 
through ethnic militancy. Bunkering is the willful act of 

drilling into the pipelines with the intent of stealing pe-
troleum products [4]. Apart from health hazards and envi-
ronmental degradation, shortages of petroleum products, 
drastic drop in electricity generation and avalanche of 
socio-economic problems are other challenges associated 
with pipeline vandalism. Consequences of leakages from 
vandalism are immeasurable and unquantifiable for any 
nation that aims to attain greatness. One of the ways to get 
around these challenges is to prevent leakages, and even if 
it occurs, it must be detected and reported early enough so 
as to arrest the situation fast enough before it degenerate 
to a disastrous stage. To actualize this, gas or petroleum 
detectors can be installed at across pipeline installations 
and other vulnerable locations. A Number of research 
works on this have been conducted in the past. 

Mahalingam et al. [3] proposed a cost effective gas 
leakage detector. Their work was designed to meet UK 
occupational and health hazard safety standards. In its 
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implementation, a MQ-5 gas sensor was used which has 
the ability to sense multiple gases e.g propane and butane. 
This sensor was used in conjunction with a PIC 181320 
Microcontroller. Their designed work has the ability to 
monitor gas level. If the gas level increases above normal 
threshold of 400ppm butane, the system will issue a warn-
ing alarm at 100ms interval. In a similar manner, Puran 
et al [5] proposed a gas leakage detection and monitoring 
system. In their work, a MQ-6 sensor and ARM microcon-
troller were used to sense and detect leakages. Report of 
any sensed gas would be sent through a Zigbee receiver to 
a PC for evaluation. In a bid to get a more robust system, 
Padmapriya et al. (2014) developed a wireless gas sensing 
network to detect gas leakage and equally generate an 
alert. A MQ-6 gas sensor was used in their work to sense 
seepage of gas in a pipeline. The system was interfaced 
with a GSM module and LCD to receive alert messages 
and display report. A little different approach to this chal-
lenge was developed by Zhang et al. [8] called a statistical 
pipeline system and tagged ‘ATMOS PIPE’. This system 
was developed in Shell and has the ability to detect leak-
ages using flow pattern recognition analysis. In its oper-
ation, this statistical method will actuate an alarm system 
only when there are changes in pressure flow pattern with-
in the pipeline. It was implemented with a remote PC.

This work therefore, has proposed a petroleum leakage 
detector for use across pipeline installations in Nigeria. 
The design and implementation of the work comprises 
both software and hardware aspects. A laboratory proto-
type was built and tested with a component gas of petro-
leum product. This can further be adapted and integrated 
for use with petroleum pipelines. Major comparative 
advantage of this system is that when likely leakages 
are detected early, it will stimulate prompt attention by 
concerned authorities. This will prevent spillage, environ-
mental degradation and loss of lives resulting from immi-
nent explosion. More importantly, if this economic loss 
is curtailed, the nation will witness sustainable economic 
growth and development.

2. System Design & Implementation

The system is build on the block diagram as contained in 
Figure 1.

Figure 1. System block diagram

The power supply needed to drive the system is in two 
folds; a 5v d.c for the microcontroller and a 12vdc to pow-

er the gas sensor and the alarm circuit.  Getting a 12vdc 
was straight forward since the step down transformer 
used is 12v, which was rectified to generate DC equiva-
lent.  However, caution was taken to guarantee a constant 
DC supply, irrespective of the output voltage from the 
transformer, hence, an LM7812 I.C regulator was used to 
achieve this. The 5v needed to power the microcontroller 
is sourced via LM7805 I.C regulator. 

The microcontroller, Atmel AT89C51 is an 8bit com-
ponent with 4K byte of flash programmable and erasable 
Read Only Memory (PEROM) with 1000 write/erase cy-
cles for flexible programming and debugging.  

The microcontroller is the heart of this system.  It 
serves as a control interface between the gas sensor and 
the computer system. 

The gas sensor is an Arduino gas sensor module which 
sends an output of 5volts on detection of Methane, butane, 
propane etc.  The data sheet of the sensor shows, it has 
a high sensitivity of 10m².  Though, the practical imple-
mentation shows a much less degree in sensitivity, as the 
sensor only detects a gas within a 100cm² reach. 

The alarm unit consists of a 12 volts buzzer.  A BC337 
NON transistor which acts as a switch, such that,  when a 
microcontroller output a high to the port that connects the 
buzzer,  the transistor is biased,  to switch ground to the 
buzzer whose positive terminal has been connected to a 
12vdc supply. 

The LCD is a 16x2 portable liquid crystals display 
which output a caption “Gas found” or “Gas not found” as 
controlled by the microcontroller.  The max232 I.C is an 
interface unit that connects the microcomputer to a per-
sonal computer unit. The I.C has a circuitry, which convert 
the appropriate machine language suitable for computer 
process and also transmit the serial signal in parallel form 
due to the present of a UART circuitry in the chip. 

3. Operation Technique

In its mode of operation, the operation relies on the fact 
that the petroleum is a highly inflammable product, the 
identified inflammable petroleum gasses are butane and 
methane.  Hence, when the sensor detects any of these 
gasses, the output impedance of the sensor drops to less 
than 100ohms, which make it releases its output voltage 
to the microcontroller.  The microcontroller, on getting the 
signal from the sensor, sends an output high signal to the 
buzzer, and also send a message to the LCD and to a re-
mote computer system via the max232serial interface unit. 

4. Testing and Result

Testing of this system was carried out in two sequence; 
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before and after construction. 
Before construction, a simulation test was carried out 

using PROTEUS software. To a large extent, it gave a 
satisfactory result. One of the greatest challenges of the 
software is however that, it does have component for the 
gas sensor (GH312). It was not listed the software com-
ponents library.  But knowing that the gas sensor will 
send some 5v output supply to the microcontroller upon 
detection of gas,  a 5v output switch was use to serve as a 
sensor. 

During the design stage, a variable power supply was 
used to power the breadboard in order to test the function-
ality in each stage.  Results shows that, each of these stag-
es was effectively driven upon supply of required voltage 
level. 

The processor’s output low is 0.5, and a high of 
3-5volts.  Therefore, on receiving a 5volts from the output 
of the sensor, it switches a high output signal of 5v to the 
buzzer through a BC337 NPN transistor.  The current am-
plification factor of the transistor (B) is taking as 90 from 
the transistor’s data sheet.  The transistor is biased through 
the base current of 5mA. 

i.e
Ib = Vbb / Rb = 5v/ 1X10³
Ib = 5mA
And;
Ic = ᵝIb

= 90X5X10³
Ic= 450mA
The input impedance of the buzzer serves as RC, giv-

ing the output voltage Vout as;
Vout= Vcc — IcRc 
Vout= 12–450X10³X8
Vout= 12–3.6
Vout = 8.4volts
Therefore, output current 
Iout= Vout/Rc
= 8.4/8

= 1.05A.
The high current makes the buzzer sound very loudly. 
The Max232 output is a signal driven which serve as 

an interface to the computer system. This is connected to 
DB-9 serial connector, allowing a serial transmission to 
computer system. The microcontroller was programmed 
using assembly language which was assembled using 
SM-4 assembler and its Hex file is burned to the controller 
using a universal programmer and a turbo link program. 

5. Conclusion

The gas leakage detector cannot be neglected in the ef-
fective monitoring of gas leakages and pipeline vandali-
sation.  This device could also be used in homes to guide 
against any domestic gas leakages.
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The study on scientific analysis and prediction of China’s future carbon 
emissions is conducive to balancing the relationship between economic 
development and carbon emissions in the new era, and actively responding 
to climate change policy. Through the analysis of the application of the 
generalized regression neural network (GRNN) in prediction, this paper 
improved the prediction method of GRNN. Genetic algorithm (GA) was 
adopted to search the optimal smooth factor as the only factor of GRNN, 
which was then used for prediction in GRNN. During the prediction of car-
bon dioxide emissions using the improved method, the increments of data 
were taken into account. The target values were obtained after the calcula-
tion of the predicted results. Finally, compared with the results of GRNN, 
the improved method realized higher prediction accuracy. It thus offers a 
new way of predicting total carbon dioxide emissions, and the prediction 
results can provide macroscopic guidance and decision-making reference 
for China’s environmental protection and trading of carbon emissions.
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1. Introduction

With the continuous development of economic 
globalization and the implementation of strat-
egies of “Introduce In” and “Go out”, China is 

fully integrated into the world in both depth and breadth. 
Nevertheless, any major domestic challenge is likely to 
evolve into an international one, such as carbon emissions 
and energy shortages [1]. Ecological environment and sus-
tainable development are arousing more concerns in the 
party-government and social sectors, where the work ar-
rangement of carbon emissions and carbon sequestration 
is much obvious. In the meantime, climate change and rel-

evant environmental events have exerted serious impacts 
on the sustainable development of human society, thereby 
becoming a common challenge facing the international 
community today [2]. Under this context, China can neither 
do well alone nor undertake international responsibility. 
In the new era, regardless of the future challenges resulted 
from carbon emissions, to what extent China can realize 
accurate predictions require comprehensive research and 
timely response. The study on accurate prediction of Chi-
na’s future carbon emissions by scientific methods will 
lay a theoretic basis for relevant policy-making on China’s 
carbon emissions and carbon sequestration.
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So far, the prediction of carbon emissions has been 
researched by a large number of scholars at home and 
abroad. Pan Jinghu et al. [3] accurately identified the spatial 
characteristics of carbon emissions by building a spatial 
regression model to simulate the spatial distribution of 
regional carbon emissions. Wang Yong et al. [4] made sce-
nario predictions of China’s industrial carbon emission 
peaks and assessed their potential mitigation. Tulson 
Maimaiti et al. [5] established a carbon-emission prediction 
model based on the generalized neural network targeting 
agricultural production in Xinjiang; they also carried out 
a quantified analysis of the factors influencing carbon 
emissions using the average impact value method. China’s 
carbon emissions in 2010-2050 were predicted by Du 
Qiang et al. [6] based on an improved Kaya identity model, 
and by Blanford et al. [7] through MERGE model. STIR-
PAT models were constructed by Chinese scholars such as 
Qu Shenning [8], Song Jiekun [9], Zhang Leqing [10], Wang 
Yanpeng [11], Wang Xianen [12] respectively to predict the 
carbon emissions of provinces and municipalities in the 
whole country. Many domestic scholars took the relation-
ship between carbon emissions and energy consumption 
factors into account. Through the prediction and estima-
tion of the energy consumption structure, a carbon emis-
sions prediction method was constructed [13-16]. Zhao Aiw-
en et al. [17] performed the prediction of the national carbon 
emissions by the grey correlation method. Artificial neural 
network (ANN) and genetic algorithm (GA) have shown 
great advantages in solving complex and highly nonlinear 
problems, which hence get widely applied in the fields 
of control, prediction, and optimization. The generalized 
regression neural network (GRNN) is a form of neural 
network with good non-linear approximation performance 
and robustness. It can also achieve an excellent prediction 
effect even with unstable or insufficient data. GRNN pro-
vides a suitable solution to curve fitting [18-19]. The param-
eters that GRNN needs to adjust have only one smooth 
factor, leading to great computing advantages [20]. For 
GRNN, the network structure and the connection weights 
between the neurons are determined by the input learning 
samples. The training of the network is to determine the 
only parameter smooth factorσ . Specht proposed a meth-
od of multiple experiments to determine the range of the 
smooth factor ( minσ , maxσ ), to change it progressively in 
the range. Then these values of equidifferentσ are used in 
GRNN prediction, and the mean square error between the 
predicted value and the actual value is taken as the evalua-
tion index. The value of the minimum error is the optimal 
smooth factor. This is the most popular way of prediction 
by GRNN in practice, which however fails to obtain satis-
factory results in the prediction of carbon emissions. The 

smooth factor can also be selected by an appropriate ob-
jective function and obtained by the optimization method. 
In this study, a genetic algorithm was used to optimize the 
smooth factor of GRNN. The shortcomings of traditional 
prediction theory and methods were overcome by the ad-
vantages of the above two methods. The improved algo-
rithm was then applied to the process of carbon emissions 
prediction for accuracy improvement.

2. Methods and Data

2.1 Improvement of GRNN Model Based on GA 
Improved Method of Prediction Process

The improved method of the prediction process can be di-
vided into the following two steps: (1) The optimal value 
of GRNN’s unique parameter smooth factor is obtained 
by genetic algorithms, in which values of each parameter 
are input, and smooth factor of the population is randomly 
generated; finally, the optimum values of the smooth fac-
tor are output; (2) The optimal values of the smooth factor 
is transmitted to GRNN which is the main body. The in-
dex system data and the optimal smooth factor for carbon 
emissions prediction are input, and the prediction result of 
carbon emissions is output[21]. The first step is to achieve 
an improvement in the genetic algorithm on GRNN. It 
is designed based on the genetic progress generalized 
regression neural network model. The basic procedure of 
the improved prediction method is shown in Figure 1.

Parameter set of genetic 
algorithm

Initialize smooth factor 
population

Computational fitness
Genetic algebra =1

Algebra < max 
algebra >

Y

Choose

Overlapping

Variation

Calculate the fitness of 
new species

Genetic algebra +1

Draw the fitness curve
Record the optimal 
smoothing factor

N
Input data

Establish GRNN forecast

Prediction results reverse 
normalization

End

Data normalization 
processing

Figure 1. Flow chart of carbon emission prediction meth-
od improved based on general regression neural network

2.2 Genetic Improvement of Optimal Smooth 
Factor

The genetic algorithm of randomly generating indi-
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vidual smooth factor of the population is presented in 
this section. According to the size and genetic selection, 
individuals with crossover and mutation are screened. 
The individuals with the best values are kept, and those 
lacking adaptations are eliminated. The new group inher-
its the generation of information and performs better than 
the previous generation. This procedure is repeated until 
the condition gets satisfactory[22]. The genetic algorithm 
is composed of three modules, which are encoding and 
decoding, individual fitness evaluation and genetic oper-
ation, and genetic algorithm (including chromosome se-
lection, crossover, and mutation and so on). Based on the 
basic genetic algorithm, the following techniques are used 
for optimization.

2.2.1 Encoding and Decoding

Encoding is the smooth factor of the feasible solution 
from the solution space to the algorithm that can deal 
with the search space method. Binary encoding is con-
sistent with the principles of computer processing in-
formation, which facilitates the crossover, mutation and 
other operations of the chromosome[23]. The binary cod-
ing mode is carried out among the randomly generated 
individuals within the prescribed range; each individual 
corresponds to a value of the smooth sigma factor. In the 
crossover and mutation operations, the binary value of 
the operation and the individual’s fitness value are di-
rectly calculated. The binary value should be decoded to 
decimal.

2.2.2 Assessment of Fitness

Fitness is used to measure the excellent degree of the op-
timal solution that each smooth factor individuals in the 
population may reach or close to. The function of calcu-
lating the individuals’ fitness is the guided search option 
evaluation function based on the genetic algorithm. How 
to construct a fitness function is one of the key problems 
of the genetic algorithm. In the adaptation degree func-
tion, a GRNN is created based on five samples. The target 
values of the three samples in the trained network are pre-
dicted. The predicted results and the actual values of Eu-
clidean distance are taken as the reciprocal of the fitness 
function. The smaller the Euclidean distance is, the great-
er the fitness value is. The fitness function is expressed 
below: 

3
2

1

1( )
( )i i

i

f x
x X

=

=

−∑ � (1)

where x is the predictive value; X is the practical value.

2.2.3 Genetic Operation

(1) Selection
Selection is used to determine the crossover or muta-

tion of the individual operation. In this paper, the selection 
probability of each chromosome is selected according 
to the selection probability of each chromosome. The 
function for calculating the probability of selection is ex-
pressed as:

1

( )( )
( )

i
i N

j
j

f xP x
f x

=

=

∑ � (2)

The selection probability of random selected chromo-
some is obtained through the roulette selection method:
① Generate a uniform distribution of random numbers 

in the (0,1) interval r ;
② If 1r q≤ , then the chromosome 1x is selected;
③ If -1 (2 )k kq r q k N< < ≤ ≤ , then the chromosome kx is 

selected.
The following function is obtained: 

1
( )

i

i j
j

q P x
=

=∑  ( 1, 2,..., )i N= � (3)

where iq is the cumulative probability of chromo-
some ( 1,2,..., )ix i N= =  .

(2) Crossover
Crossover refers to the exchange of two genes that 

are selected from some of the genes on the chromosome 
so that new individuals are generated by combining in-
formation from their parents. The crossover operation is 
determined by the setting of the crossover probability. In 
crossover operation, the crossover is randomly generated, 
and then part of the genes on two chromosomes exchange. 
Afterward, a new individual is generated. If it is not a 
crossover operation, then a new individual is the choice of 
two individuals.

(3) Mutation
Mutation means that the position of one gene on a 

chromosome gets changed, such as from 0 to 1 or 1 to 0; 
in fact, it is the change of the offspring gene according to 
the small probability. Similar to crossover, mutation op-
eration is also determined by the setting of the mutation 
probability. If so, the mutation is randomly generated, and 
two new individuals corresponding mutation are formulat-
ed after crossover, following update for two individuals; if 
not, then do not do the operation.

DOI: https://doi.org/10.30564/ese.v2i1.1772
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3. Application of Carbon emissions Prediction 
Algorithm

3.1 Basic Permits

To verify the effectiveness of the algorithm in the theo-
retical research, the algorithm was programmed under 
the MATLAB environment, and the MATLAB neural 
network toolbox was used to build generalized regression 
neural network prediction model with genetic improve-
ment and the improved generalized regression neural net-
work prediction algorithm. Then carbon emissions were 
predicted according to the improved prediction model and 
algorithm[24]. The predicted results were compared with 
the practical ones, thereby laying a basis for theoretical 
research in this field.

3.2 Index System

Based on the data collected from 2001 to 2011, the carbon 
emissions of China from 2019 to 2029 were predicted in 
this study. Many factors were influencing carbon emis-
sions [25]. Through the gray correlation degree model, 
those influential factors with the correlation degree above 
0.6 were selected to constitute the index system. A total 
of eight elements, including the proportion of the total 
respectively, the factors that affect these total population 
(10,000 people), the proportion of urban residents (%), 
GDP per capita (yuan), the ratio of GDP to industrial 
output (%), total energy consumption (million tons of 
standard coal), the consumption proportion of coal (%), 
the consumption proportion of oil (%), are taken into ac-

count, respectively representing by 1I , 2I , 3I , 4I , 5I , 6I , 7I  
and 8I . China’s carbon emissions data can be found from 
the Energy Information Agency (EIA), Carbon Dioxide 
Information Analysis Centre (CDIAC), International En-
ergy Agency (IEA), World Resources Institute (WRI) and 
many other international energy agencies, which has no 
significant difference. In summary, the most authoritative, 
updated and timely EIA and IEA were selected as sources 
of carbon emissions data, expressed as 1V and 2V respec-
tively. This will make the study more objective, universal 
and scientific. The arithmetic average value of EIA and 
IEA carbon emissions was taken as the target value of 
prediction. The average value of carbon emissions (10000 
tons) is expressed asV . Table 1 lists the detailed informa-
tion.

3.3 Data Processing

During the prediction process, in most cases, the predic-
tion of the data increment is better than that of the data 
directly. The incremental data were input and predicted. 
Those for 8 consecutive years were classified into as a 
group. The incremental data of each group seven years 
ago were taken for seeking smooth sigma factor and 
GRNN training. The 8-year incremental data were used 
for prediction. In this way, the incremental data were 
divided into 3 groups, respectively, to predict the carbon 
emissions during 2019~2029.

To prevent an increase in network training time caused 
by outlier sample data, normalization processing should 
be conducted on various data. It aims at converting data to 
numerical values between 0 and 1. 

Table 1. Carbon emissions and the influencing factors during 2019~2029

Serial Num-
ber Year I1 I2 I3 I4 I5 I6 I7 I8 V1 V2 V

1 2019 127627 37.66 8622 39.7 40.5 150406 68.3 21.8 3226.52225 3396.15 3311.336125

2 2020 128453 39.09 9398 39.4 41.5 159431 68 22.3 3422.08573 3605.39 3513.737865

3 2021 129227 40.53 10542 40.5 41.2 183792 69.8 21.2 3959.96585 4176.63 4068.297925

4 2022 129988 41.76 12336 40.8 40.4 213456 69.5 21.3 4596.97027 4837.28 4717.125135

5 2023 130756 42.99 14185 41.8 40.5 235997 70.8 19.8 5116.34858 5403.09 5259.71929

6 2024 131448 44.34 16500 42.2 40.9 258676 71.1 19.3 5575.198 5913.49 5744.344

7 2025 132129 45.89 20169 41.6 41.9 280508 71.1 18.8 5908.42776 6316.44 6112.43388

8 2026 132802 46.99 23708 41.5 41.8 291448 70.3 18.3 6166.56551 6489.98 6328.272755

9 2027 133450 48.34 25608 39.7 43.4 306647 70.4 17.9 6816.09505 6792.94 6804.517525

10 2028 134091 49.95 30015 40.0 43.2 324939 68 19 7446.51986 7252.77 7349.64493

11 2029 134735 51.27 35198 39.8 43.4 348002 68.4 18.6 8126.69441 7954.79 8040.742205
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In equation (4), normalized value x′ as the original 
value ix , and affect the same element ix in the minimum 
value minx , and affect the same element value ix of max-
imum value maxx . The predictive value obtained ranged 
from 0 to 1. Therefore, the predicted value y′ should be 
reduced to the actual value by the formula (5). For the 
normalized value, the minimum value miny of the network 
is the direct output value; the maximum value maxy of the 
network output value.

3.4 Prediction Process

In the use of GA optimizing smooth factor, operating pa-
rameters were set as below: smooth sigma factor ranging 
0.05-1, precision arithmetic of 0.0001, the population size 
of 50, the biggest genetic algebra of 12, crossover prob-
ability of 0.9 and mutation probability of 0.09. In terms 
of the fitness function, the 8-year the incremental data of 
each group were divided into two parts: that of the first 5 
years, and that of the last 3 years. The first part was used 
to train GRNN, and the second part was to predict incre-
ment values of the carbon emissions.

3.5 Result Analysis

It was observed that all the maximum values of genetic 
algorithms in the fitness curves and average fitness degree 
curves did not appear large-scale shocks, and the conver-
gence of the algorithm was relatively smooth. The popula-
tion in the evolutionary process of the two curves showed 
mutual convergence; successive generations of the indi-
viduals with the maximum adaptation did not evolve. It 
suggested that populations reached mature, as shown in 
Figure 2 and Figure 3.

Figure 2. The smooth factor fitness curve of the carbon 
emission increment in 2019

Figure 3 The smooth factor fitness curve of the carbon 
emission increment in 2029

According to the genetic algorithm, GRNN’s smooth 
factor for predicting carbon emission increment in 2019 
and 2029 was 0.084212 and 0.94416. The carbon emis-
sions before the increment from 2019 to 2029 were pre-
dicted, as shown in table 2.

The general GRNN was used to fit training samples and 
determine smooth factor sigma. As a result, the test value 
of a general GRNN smooth factor sigma was obtained to 
be 0.1 in the range of 0.1 ~ 0.5. As a result, the predicted 

Table 2. prediction results of GRNN and genetic improvement in GRNN

Year Carbon emissions 
reference value

Smooth factor σ Prediction results Absolute relative error

General
GRNN

Genetic improvement 
GRNN

General
GRNN

Genetic improvement 
GRNN

General
GRNN

Genetic improvement
GRNN

2019 7349.64493 0.1 0.084212 6804.5 7172.60753 7.42% 2.41%

2029 8040.742205 0.1 0.94416 7349.6 7792.18493 8.60% 3.09%

Average 8.01% 2.75%
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and actual values of carbon emissions had no remarkable 
difference, indicating higher prediction accuracy. In the 
two years of carbon emissions prediction, the relative er-
ror of the genetic improved generalized regression neural 
network was less than 3%. This proved that and the accu-
racy of carbon emission prediction was greatly improved.

4. Discussion and Conclusions

Accurate prediction of carbon emissions is of great sig-
nificance for environmental control and the policymaking 
related to carbon emissions. This study proposed a new 
method of genetic improvement based on the generalized 
regression neural network, so as to enhance the accura-
cy of carbon emission prediction. By directly compiling 
the MATLAB program code, the genetic improvement 
based on generalized regression neural network algorithm 
model was constructed to predict carbon emissions from 
2019 to 2029. The comparison clearly demonstrated that 
the choice of the only parameter smooth factor exerted a 
significant impact on the prediction accuracy of carbon 
emissions when the generalized regression neural network 
was employed. Based on the prediction of data incre-
ment, the desired target value was obtained, making the 
prediction of carbon emissions more sensitive. Hence the 
prediction results closer to the actual ones were obtained. 
The algorithm was improved to adapt to the function set-
ting and innovative “5 + 3” pattern was adopted to build a 
generalized regression neural network (GRNN). A row of 
five samples was trained, among which the three samples 
adjacent to the target value were predicted. The predicted 
result and the actual value were applied in Euclidean dis-
tance as the reciprocal of the fitness function. The smooth 
factor was optimized on the basis of the changing trend 
of the target data. The predicted results showed that the 
use of the sample was equal to the number of training. In 
terms of prediction for the same target value, the GRNN 
model with genetic improvement outperformed the unim-
proved ones. The improved method was able to effective-
ly reduce the prediction error of carbon emissions.
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In the whole research process of electromagnetic wave, the research of 
terahertz wave belongs to a blank for a long time, which is the least known 
and least developed by far. But now, people are trying to make up the blank 
and develop terahertz better and better. The charm of terahertz wave origi-
nates from its multiple attributes, including electromagnetic field attribute, 
photon attribute and thermal attribute, which also attracts the attention of 
researchers in different fields and different countries, and also terahertz 
technology have been rated as one of the top ten technologies to change the 
future world by the United States. The multiple attributes of terahertz make 
it have broad application prospects in military and civil fields, such as med-
ical imaging, astronomical observation, 6G communication, environmental 
monitoring and material analysis. It is no exaggeration to say that mastering 
terahertz technology means mastering the future. However, it is because of 
the multiple attributes of terahertz that the terahertz wave is difficult to be 
mastered. Although terahertz has been applied in some fields, controlling 
terahertz (such as generation and detection) is still an important issue. Now-
adays, a variety of terahertz generation and detection technologies have 
been developed and continuously improved. In this paper, the main tera-
hertz generation and detection technologies (including already practical and 
developing) are reviewed in terms of scientific and engineering principles, 
in order to provide a systematic and up-to-date reference for researchers in 
terahertz field.
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1. Introduction of Terahertz (THz) Wave

In the electromagnetic spectrum, a band between mi-
crowave and infrared is called terahertz (THz), as 
shown in Figure 1. In fact, the definition for standard 

range of terahertz wave is still controversial. Now most 
researchers accept the definition of 0.1-10 THz, which 
corresponds to the electromagnetic wave with the wave-
length range of 3 mm-30 µm (1 THz = 1012 Hz, corre-
sponding to the wavelength of 300 µm) [1]. The photon 

energy of THz wave is small, and the photon energy of 1 
THz is 4.14 meV. Due to the lack of effective technical 
means to generate and detect terahertz wave, this band 
is called “terahertz gap” for a long time. Terahertz radi-
ation exists everywhere in nature, but the absorption of 
terahertz wave by the atmosphere of the earth (especially 
polar molecules in atmosphere such as water) is also very 
strong, resulting in the weak terahertz signal intensity in 
nature [2]. Terahertz waves have a wide range of applica-
tions, and the schematic summary as shown in Figure 2.



12

Electrical Science & Engineering | Volume 02 | Issue 01 | April 2020

Distributed under creative commons license 4.0

(a)

(b)
Figure 1. (a) The position of THz in electromagnetic

spectrum, and (b) the atmosphere induced attenuation
from visible to radio frequency range [2]. Copyright ©
2011 SEP, Warsaw

Figure 2. The wide application range of THz

Substance detection and analysis [3-5]: the vibrational 
and rotational energy levels of many molecules, lattice 
vibrational phonons of some crystals, and the oscillatory 
motion of biomolecules are in terahertz band. According 
to the analysis of terahertz spectrum of these substances, 
we can obtain the complex structure inside these substanc-
es.

Atmospheric environment monitoring [6-8]: terahertz 

remote sensing technology can be used to detect the in-
formation of atmospheric environment, including water 
vapor, cloud layer, ozone content and temperature in the 
atmosphere. In addition, chlorine, sulfur, nitrogen and oth-
er elemental compounds have independent characteristic 
absorption spectrum in terahertz band. Hence, using this 
special sensitivity, we can monitor the atmospheric envi-
ronment through terahertz remote sensing, and timely un-
derstand the development of environmental problems such 
as pollution gases, ozone holes and other harmful human 
survival. Terahertz remote sensing also has the unique ad-
vantage of all-weather observation, and has an important 
application prospect in the research fields of atmospheric 
composition detection and environmental monitoring.

Security check [9-11]: the photon energy of terahertz 
wave is very low (1 THz is about equivalent to 4.14 
meV), which will not cause ionizing radiation and is safe 
for human body. Compared with microwave, the wave-
length of terahertz wave is smaller and the imaging spatial 
resolution can be higher. Furthermore, many toxic and 
harmful substances or dangerous explosives have unique 
"terahertz fingerprint spectrum" characteristics in terahertz 
band, so terahertz technology also has great potential in 
the field of public security, which can be applied to the ac-
tive and passive detection and identification of concealed 
drugs, pistols, knives, explosives and other contraband in 
airports, stations, subways and other occasions. Figure 3 
shows the practical application of THz security check, and 
some dangerous things such as pistol and knife, can be 
seen.

Figure 3. The THz security check images [9]. © 2020 Opti-
cal Society of America

Medical imaging [12-14]: terahertz wave does not in-
teract with nonpolar molecules so that terahertz has a 
good penetrability for nonpolar molecules. However, the 
absorption of terahertz wave by water molecules is very 
strong. Different water content of biological organs with 
different characteristics leads to their different absorption 
and reflection efficiency of terahertz wave. Meanwhile, a 
variety of biological components such as protein and fat 
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possess different radiation-absorbing. Hence, it can take 
advantage of these characteristics to do terahertz imaging, 
and biological organs can be easily judged with high sen-
sitivity. Figure 4 shows the THz image of brain cancer, it 
can be seen that the results of terahertz imaging directly 
reflect the severity of brain cancer.

Figure 4. THz images (middle part) show brain cancer [14].

Terahertz communication [15-18]: according to Shannon 
formula, the channel capacity of electromagnetic wave 
is directly proportional to its bandwidth. Compared with 
the existing wireless communication technology, terahertz 
band has a higher frequency, so it can obtain a larger sig-
nal transmission bandwidth. The absorption of THz wave 
in the atmosphere is very strong, but there are still several 
small absorption windows in the low-frequency THz band, 
including 0.15 THz, 0.23 THz, 0.34 THz, 0.67 THz and 
0.85 THz, which makes THz can be applied to the atmo-
spheric short-range secure communication. In 2019, the 
World Radiocomunication Conferences (WRC-19) clearly 
points out that the total 137 THz bandwidth resources of 
275-296 GHz, 306-313 GHz, 318-333 GHz and 356-450 
GHz bands can be used for fixed and land mobile service 
applications without restrictions. In the future, terahertz 
technology is expected greatly in those fields such as the 
internet of things, 6G communication, and space commu-
nication.

Astronomical exploration [19-21]: according to statistics, 
about half of the photon energy and 98% of the photon 
number in the universe fall in the terahertz band. Terahertz 
is an important band for cosmic observation, especially 
for understanding the early evolution of the universe. 
Compared with infrared and visible bands, terahertz wave 
has a stronger ability to penetrate interstellar dust, which 
is of great significance for astronomical observation and 
research. At present, many countries have launched or 
are launching astronomical exploration plans in terahertz 

band. Among them, the Atacama Large Millimeter/Sub-
millimeter Array (ALMA), and the European Herschel 
and Planck Space Telescopes, etc., are more successful 
and useful for observing the background radiation of the 
universe, and have been successfully used, as shown in 
Figure 5.

Figure 5. ALMA detects “Boomerang Nebula” that has 
only 1 K temperature, using THz wave. Copyright ©2013 

ALMA

Terahertz radar [22-24]: still, it is difficult for microwave 
radar to directly obtain the full-scale measurement data of 
large-scale targets. At present, it is a feasible scheme to 
use the scaled model of the target (the small-scale target 
model) to derive the full-scale results of the target from 
the high-frequency measurement results. However, for su-
per large targets such as aircraft carrier and large aircraft, 
it is still difficult to measure their scaled model size in 
microwave frequency band. Thus, we need a larger scal-
ing and a higher measurement frequency band. Terahertz 
has a high measurement frequency band and can meet the 
measurement requirements of large-scale target and large-
scale scaled model. Nowadays, terahertz radar is the high 
technology that every country wants to seize. Radar cross 
section area (RCS) in terahertz radar technology plays 
an important role in target recognition and imaging, and 
means the physical quantity of the echo intensity produced 
by the target under the radar wave irradiation, as shown in 
Figure 6.

Figure 6. Terahertz radar obtains (a) polar and (b) azi-
muthal RCS information of the aircraft fighter F-16 model 

[24]. Copyright ©2010 Optical Society of America
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2. THz generation Technology

Table 1. The THz generation technologies and some fea-
tures

Technology Duration Coherence Section

Femtosecond pulse laser excited photo-
conductive antenna Pulse Incoherent 2.1.1

Femtosecond pulse inducing the optical 
rectification of nonlinear optical crystal Pulse Incoherent 2.1.2

Electron accelerator (bremsstrahlung 
and synchrotron radiation) Pulse Coherent 2.1.3

Optical mixing based on semiconductor 
materials

Continu-
ous Incoherent 2.2.1

Difference frequency and optical para-
metric amplification based on nonlinear 

crystal

Continu-
ous Incoherent 2.2.2

Laser (P-type Ge laser, free electron 
laser, far-IR gas laser, quantum cascade 

laser)

Continu-
ous Coherent 2.2.3

Backward wave oscillator Continu-
ous Incoherent 2.2.4

Microwave frequency multiplication Continu-
ous Incoherent 2.2.5

In order to control terahertz, terahertz radiation gen-
eration is an important issue. The generation of terahertz 
radiation benefits from the development of ultrafast op-
tics, nonlinear optical crystal material technology and 
micro-nano processing technology. According to the dura-
tion of THz radiation, they can be divided into THz pulse 
radiation and THz continuous radiation. Due to the feature 
of frequency and time, they can be divided into time-do-
main THz radiation and frequency-domain THz radiation. 
Further, relying to the coherence, the radiation generator 
also can be divided into coherent THz or incoherent THz. 
In this review, we discuss them from the perspective of 
duration of THz radiation. The technology for generating 
terahertz radiation is summarized in Table 1.

2.1 Generation of Pulsed THz Radiation

2.1.1 Femtosecond Pulse Laser Excited Photocon-
ductive Antenna

The most common way to generate terahertz radiation is 
to use photoconductive antenna [25-26], as shown in the Fig-
ure 7. Coplanar two electrodes are evaporated on one side 
of semiconductor materials (such as GaAs), and two elec-
trodes are connected to DC bias voltage. Because of the 
difference of electrode gap size, the electrode gap which 
is far less than THz wavelength is called small aperture 
photoconductive antenna (SAPA), and the electrode gap 
which is far greater than THz wavelength is called large 
aperture photoconductive antenna (LAPA). A femtosec-
ond laser pulse (with a wavelength of 800 nm) is used to 

excite the semiconductor materials between the electrodes 
to obtain photo-generated carriers (mainly electrons) that 
will accelerate and attenuate under bias voltage to radiate 
electromagnetic pulses. Because the carrier lifetime of the 
semiconductor material used is sub-picosecond, the elec-
tromagnetic pulse radiated is also sub-picosecond, which 
just falls in the terahertz wavelength range. Shorter femto-
second pulse can obtain higher frequency THz wave.

Figure 7. The schematic process of femtosecond pulse 
laser excited photoconductive antenna inducing THz [2]. 

Copyright © 2011 SEP, Warsaw

The radiation and propagation mechanisms of THz 
pulse to free space are in accordance with the electric 
dipole radiation model. The space THz radiation field of 
small aperture photoconductive antenna ETHz can be ex-
pressed as follows:

ETHz PC r=
µ θ
4π

w dsin
r dtr

  I t( ) θ̂ � (1)

Where µ is the vacuum magnetic permeability, w is the 
spot size of femtosecond laser beam, θ is the angle be-
tween the terahertz radiation direction and the plane of the 
material irradiated by the femtosecond laser, r is the radi-
ation distance, tr is the time delay from terahertz radiation 
to a certain point in the space with distance r, and IPC is 
the photocurrent. In addition, because the THz wavelength 
is larger than the aperture size, the THz radiation direction 
is seriously scattered, hence the collimating lens (high 
resistance silicon material) is generally integrated on the 
back of the device. The terahertz signal generated by the 
small aperture photoconductive antenna is low in intensi-
ty, but low in heating, and can work stably for a long time. 
For high power terahertz pulse generation, large aperture 
photoconductive antenna is needed. The large aperture 
photoconductive antenna has a large stimulated area, also 
needs high DC bias voltage and amplified femtosecond la-
ser pulse. The spatial radiation field ETHz of large aperture 
photoconductive antenna can be expressed as:

DOI: https://doi.org/10.30564/ese.v2i1.1777
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Where A is the photoexcited area, Eb is the bias electric 
field, z is the THz radiation distance, δ (t) is the surface 
conductivity at the time of t, Z0 = 377 Ω means the imped-
ance in the free space, and ε is the dielectric constant of 
the material. Although the large aperture photoconductive 
antenna has high terahertz output power, it is not easy to 
work stably for a long time due to its high heating.

2.1.2 Femtosecond Pulse Inducing the Optical 
Rectification of Nonlinear Optical Crystal

The interaction of optical field and nonlinear optical crys-
tal (such as ZnTe) makes the electric polarization of non-
linear optical crystal. When the light intensity is weak, the 
electric polarization intensity P is directly proportional to 
the optical field, which is a linear optical effect. However, 
when the light intensity is too high, the nonlinear optical 
effect will be excited. At this time, the electric polarization 
intensity and the optical field intensity are not in direct 
proportion. The optical rectification belongs to the sec-
ond-order nonlinear optical effect [27]. The total polariza-
tion P(2) caused by the optical rectification is proportional 
to the applied light intensity I, which is expressed as:

P E(2) (2) 2= ∝2 | |ε0 0x I � (3)

Where χ(2) is the second-order nonlinear optical suscep-
tibility corresponding to the optical rectification process. 
E0 is the amplitude of incident light field. Considering the 
rectification polarization caused by femtosecond optical 
pulse, the incident optical field pulse E(t) is set as:

E (t E t e) = 0 ( ) −i tω � (4)

Where ω is the light angle frequency. As shown in 
Figure 8, the nonlinear polarization P(t) of the optical rec-
tification will reappear the envelope of the optical pulse, 
and the final THz field ET can be obtained by resolving the 
relationship of ET and P(t) the spectral bandwidth radiated 
is about the reciprocal of the optical pulse time. Because 
the optical pulse time is in the category of 10-100 fs, that 
is to say, the radiation spectral bandwidth is sub-picosec-
ond, thus the femtosecond pulse optical rectification can 
generate THz pulse. Ideally, the propagation speed vT of 
terahertz pulse is the same as that of optical pulse vo. At 
this time, the terahertz radiation field ET propagating along 
the z-axis is expressed as:

E Cl a t tT = − − − −[1 4 ( ) exp[ 2a( ) ]
v v
z z

0 0

2 2 � (5)

Where C is a constant, l is the transmission length of 
terahertz in the crystal, and a is the angle between the 
light field and terahertz field. It should be pointed out that 
the expression of terahertz radiation field is different for 
different nonlinear optical crystals and different polarizing 
crystal planes of the same optical crystal. Furthermore, 
the propagation speed of terahertz and optical pulse is 
difficult to be the same in fact. Coupled with the linear 
absorption of crystal, the real representation of terahertz 
radiation field is very complex.

Figure 8. The schematic for femtosecond pulse excited 
nonlinear optical crystal inducing the optical rectification

2.1.3 Electron Accelerator (Bremsstrahlung and 
Synchrotron Radiation)

The THz radiation produced by photoconductive antenna 
and nonlinear crystal is incoherent. The electron accel-
erator provides a solution for the generation of coherent 
terahertz radiation. The principle is as shown in the Figure 
9. When femtosecond pulse light is incident to semicon-
ductor material surface (such as GaAs) or photocathode 
electron cavity, it will generate sub-picosecond electron 
beam that will be further accelerated to 10-100 meV (be-
come relativistic electron) through linear particle accel-
erator. If the electron beam bombards the metal target at 
this time, the coherent terahertz radiation will be produced 
when the electron decelerates rapidly, which is called 
bremsstrahlung (Figure 9a) [28]. On the other hand, if the 
electron beam deflects through the magnetic field to make 
a circular motion, then the radiation coherent terahertz 
wave is called synchrotron radiation (Figure 9b) [29], and 
the terahertz radiation power generated by synchrotron 
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radiation can be as high as 20 W. After the electron beam 
is accelerated, its size is close to radiation wavelength. 
The emission of a single electron is superimposed in the 
same phase, so the total THz radiation power is greatly 
improved.

Figure 9. The schematic (a) bremsstrahlung and (b) syn-
chrotron radiation

2.2 Continuous THz Radiation Generation

2.2.1 Optical Mixing based on Semiconductor 
Materials

As shown in Figure 10, the structure of optical mixing de-
vice is similar to that of photoconductive antenna in Sec-
tion 2.1.1. The main materials in optical mixers are low 
temperature growth GaAs (LT-GaAs) with high electron 
mobility and short lifetime [30]. The metal electrode is gen-
erally made into interdigital electrode, with the logarith-
mic antenna structure of outward spiral, and can also be 
made into dipole photoconductive antenna structure. The 
excitation source uses two different frequencies (w1, w2) in 
the wavelength range of 800-850 nm. Beat frequency light 
is received by the metal antenna and mixed in an optical 
mixer. The frequency after mixing is located in the tera-
hertz band, which is the two-photon frequency difference 
wT = w1-w2. This method is also called optical heterodyne 
down conversion. By enlarging the excitation area and 
irradiating the area continuously with high power laser, 
the THz radiation power can be increased. In addition, the 
THz radiation power of the device can also be increased 
by using semiconductor heterojunction instead of LT-
GaAs.

Figure 10. The schematic structure of optical mixing 
device.

2.2.2 Difference Frequency and Optical Paramet-
ric Amplification based on Nonlinear Crystal

As shown in Figure 11, when two beat frequencies (w1, 
w2) of different frequencies are incident into a nonlinear 
crystal, the difference frequency wT = w1-w2 located in the 
terahertz band is produced, which is caused by the sec-
ond-order nonlinear optical effect of the crystal [31]. The 
optical rectification effect enables the generated difference 
frequency continuous wave (nonlinear polarization reap-
pear the envelope of two difference frequencies), similar 
to that in 2.1.2 Section. In most nonlinear crystals, GaSe 
has the best effect, and other crystals such as quartz, LiN-
bO3, gap and DAST have also been proved to be available. 
If a pumping photon wP is transformed into two photons 
(wi, wT) with lower energy, and the sum of the two pho-
tons is the same as the energy of wP photon (that is, wP = 
wi+wT), which involves the case of optical parametric am-
plification [32]. As shown in Figure 12, the wi is called idle 
frequency photon, and wT is in terahertz band. When the 
wave vector of photon meets kP = ki+kT, both idle frequen-
cy light and terahertz light can be amplified. LiNbO3 is the 
core material of optical parametric process, and the wave-
length of pump light is generally 1.064 µm. By changing 
the angle between the pump light and the idle light, the 
terahertz frequency can be continuously adjustable.

Figure 11. The schematic THz generation based on differ-
ence frequency through nonlinear crystal

Figure 12. The schematic THz optical parameter genera-
tor
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2.2.3 Laser (P-type Germanium Laser, Free Elec-
tron Laser, Far Infrared Gas Laser, Quantum 
Cascade Laser)

One of the most important characteristics of laser is to 
obtain large output gain through resonant cavity. P-type 
germanium laser [33]: P-type germanium (Ge) is gener-
ally realized by doping beryllium. When an orthogonal 
magnetic field is applied, a four level system will form 
in P-type germanium, as shown in the Figure 13(a). At 
low temperature (< 40K), the applied electric field is 
strong enough to complete a particle number inversion 
between the light hole (LH) state and the heavy hole 
(HH) state. At this time, the hole in the high energy state 
will emit an optical phonon wop and complete the transi-
tion to the low energy state. The THz wave occurs when 
the hole accumulated in the stable Landau level transits 
to the lower LH state. Free electron laser [34]: similar 
to synchrotron radiation, free electron laser also use 
electron accelerator. As shown in the Figure 13(b), the 
electrons are accelerated to near the speed of light (i.e. 
become relativistic electrons), and then enter the reso-
nant cavity. The resonance is in the magnetic field array 
with alternating magnetic poles, which is called Wiggler 
magnetic array. The electrons do sinusoidal oscillation 
to emit coherent terahertz radiation in the magnetic field, 
and the terahertz laser beam produced is amplified in the 
resonant cavity for many times. The biggest disadvan-
tage of free electron laser is that it takes up a lot of space 
and costs a lot. Far infrared gas laser [35]: the gain ma-
terial in the resonant cavity can be some gas molecules, 
such as CH3F, CH3OH and CH2F2. The pump source uses 
generally CO2 gas laser. If electrons transition among the 
rotational energy levels of these gas molecules, they can 
radiate terahertz waves. Quantum cascade laser [36]: the 
core of quantum cascade laser is to construct periodic 
structure alternation superlattice, which is different from 
the conventional semiconductor in which the mission of 
electron is terminated after only one transition from high 
energy level to low energy level. The cascade structure 
makes the electron enter the next cycle after one transi-
tion, and each transition can produce the same frequency 
THz radiation, as shown in the Figure 13(c). A typical 
quantum cascade laser belongs to a three-level system. 
The terahertz radiation transition occurs between the 
third and the second levels. Then, by adjusting the ap-
plied bias electric field, the first level of the previous pe-
riod is consistent with the third level of the next period. 
At this time, the first level electrons of the previous peri-
od will be injected into the third level of the next period 
for reuse.

Figure 13. (a) A four level system in P-type Ge under an 
orthogonal magnetic field, (b) the schematic free electron 
laser, and (c) the schematic principle of quantum cascade 

laser

2.2.4 Backward Wave Oscillator

The backward wave oscillator consists of an electron vac-
uum tube, a group of calibration magnet, and a metal gate, 
as shown in the Figure 14. Under high voltage, the cath-
ode emits electrons to move towards the anode. The two 
magnets with different polarity are located at the two ends 
of the vacuum tube, respectively, which provides a strong 
magnetic field. The function of the magnetic field is to 
bunch the electrons and avoid the loss of energy caused 
by the electrons hitting the tube wall. The metal gate has 
a comb like structure, and its function is to slow down the 
electron in the process of moving. The change of electron 
velocity radiates terahertz electromagnetic wave [37]. The 
move direction of electromagnetic wave is opposite to 
the move direction of electron beam, and electromagnetic 
wave increases in intensity, so it is called backward wave 
oscillation. Finally, terahertz radiation is longitudinally 
output to free space. Backward wave oscillation structure 
requires the equipment to be precise enough. Its magnet 
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takes up most of volume. The terahertz output wavelength 
is determined by the electronic speed, so by changing the 
electronic speed under applied voltage conditions, it can 
be adjusted at 0.5-1.5 THz, and the continuous wave out-
put power can reach 1 mW.

Figure 14. The schematic principle of backward wave 
oscillator.

2.2.5 Microwave Frequency Multiplication

Microwave frequency multiplication technology is the 
product of pure electronics technology [38]. The microwave 
source includes Gunn oscillator and tunnel diode. When 
it is connected with the resonator, the DC electric signal 
can be converted into AC microwave signal. Then, the 
microwave signal is input into the frequency multiplier to 
generate THz wave. The core of the frequency multiplier 
is the Schottky barrier diode (mainly composed of Au and 
GaAs), as shown in the Figure 15. Microwave frequency 
doubling is similar to the generation of light wave har-
monics in nonlinear crystals. Microwave frequency mul-
tiplier can be cascaded, so a microwave can be multiplied 
many times to form a higher frequency terahertz wave, 
but the wavelength cannot be adjusted continuously, and 
the higher the frequency has the faster the output power 
decays.

Figure 15. A schematic principle for THz generation by 
triple frequency of microwave

3. THz Detection Technology

Nowadays, the development of terahertz detectors with 
high response, easy to use, easy to integrate and low cost 
has become a research hotspot and focus in this field. 
Terahertz wave is between microwave and infrared, and it 
has the particularity of electricity and optics, so there are 
abundant ways to detect terahertz in as summary in Table 
2. 

Table 2. The THz detection technologies and some fea-
tures

Technology Attribute based Detection 
coherence Section

Photoconductive antenna 
detector

Electromagnetic 
field Incoherent 3.2.1

Electro optical sampling 
and optical rectification

Electromagnetic 
field Coherent 3.2.2

Nonlinear mixing and dif-
ference frequency detector

Electromagnetic 
field

Incoherent/
coherent 3.2.3

Glow discharge detector Electromagnetic 
field Incoherent 3.2.4

Surface plasmon detector Electromagnetic 
field Incoherent 3.2.5

Golay detector Thermal effect Incoherent 3.2.6

Bolometer Thermal effect Incoherent 3.2.7

Thermoelectric detector Thermal effect Incoherent 3.2.8

Pyroelectric detector Thermal effect Incoherent 3.2.9

Barrier detector Photonic property Incoherent 3.2.10
Electron bound state transi-
tion detector (quantum well 

detector)
Photonic property Incoherent 3.2.11

Considering the characteristics of terahertz as elec-
tromagnetic field, terahertz detection can be realized. 
Terahertz electric fields cause electronic motion, such as 
photoconductive antenna detectors. Terahertz electric field 
induces polarization of materials, and produces a series of 
changes, such as electro-optical sampling and optical rec-
tification. In addition, the interaction between THz electric 
field and some substances can excite the surface plasma of 
substances, which will cause the change of electrical sig-
nal, so as to realize THz detection, such as surface plasma 
detector.

Considering the thermal effect of terahertz, many detec-
tion techniques have been created. When some materials 
are irradiated by electromagnetic wave, they will produce 
thermal effect, that is, the increase of temperature after 
absorbing the energy of incident electromagnetic wave 
will cause the change of physical characteristics such as 
resistivity, volume or spontaneous polarization intensity. 
Through the measurement of these changes, the terahertz 
thermal detector can detect the terahertz wave. Because 
the detection process is only related to the thermal en-
ergy of the incident electromagnetic wave, the terahertz 
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thermal detector has a wide range of response frequency, 
which can generally cover all terahertz bands. Common 
THz thermal detectors include Golay detector, bolometer, 
pyroelectric detector and thermoelectric detector.

The optical properties of terahertz are also used. 
Among the photodetectors, semiconductor based intrinsic 
photodetectors are usually used to detect ultraviolet to 
infrared light. However, because the terahertz photon en-
ergy is far less than the intrinsic forbidden band width, it 
is difficult to detect via the transition of electrons between 
the intrinsic bands. Photodetectors working in terahertz 
band usually use the non-intrinsic transition, in-band tran-
sition and sub-band transition effects of materials. Due to 
the interference of thermal radiation from any object in 
background, these detectors need to work in deep and low 
temperature environment, such as some barrier detectors 
and quantum well detector.

3.1 Detector Performance Evaluation Index

Frequency range: that is, the effective frequency range 
that the terahertz detector can detect. No matter what the 
THz detector is a narrow-band or a wide-band, users need 
to know whether the THz detector is effective or invalid 
for a certain frequency range. Noise: THz detectors are 
used in most environments with a variety of inherent 
current signals. These effects come from temperature, vi-
bration, humidity, ambient light and other electromagnetic 
radiation, etc., and itself factors of detector materials such 
as impurities, lattice vibration, electronic motion, etc. All 
these current signals can be called noise. Ideally, the de-
tector does not have any noise, which makes the detected 
THz signal very satisfactory. But in fact, noise is inevita-
ble. If the noise is not handled well, it will seriously affect 
the terahertz detection. The main indicators related to 
noise are signal-to-noise ratio (SNR) and normalized de-
tectivity (D*). The signal-to-noise ratio (SNR) represents 
a proportional relationship between the noise and the 
THz signal. The normalized detectivity is expressed as: 
D* = ×∆A f NEP/ , where A is the effective detection 
area of the device, ∆f is the amplifier bandwidth, and NEP 
is the noise equivalent power which is defined as the inci-
dent light power at the unit signal-to-noise ratio. The high-
er the D* means the better the detectability. Responsivity: 
the responsivity is divided into voltage responsivity and 
current responsivity, which are the voltage (V) and current 
(I) signal under unit THz radiation power P and expressed 
as dV/dP and dI/dP respectively. At the same time, there 
is also a frequency response, which is expressed as R(f) = 
R0/[1+(2πfτ)2]1/2. R(f) is the response at the frequency f, R0 
is the response at the frequency 0, τ is the response time of 
the detector which is determined by the material and ex-

ternal circuit. Other indicators include polarizability and 
coherence.

3.2 The Main Types of THz Detectors

3.2.1 Photoconductive Antenna Detector

The photoconductive antenna described in Section 2.1.1 
can not only generate terahertz radiation, but also be used 
to detect terahertz radiation [2]. The detection principle 
is opposite to the production principle, as shown in the 
Figure 16(a). When the photoconductive antenna detects 
terahertz, the electrode does not need to be biased, but it 
needs to connect an ammeter to detect the current. Tera-
hertz wave is incident to semiconductor material through 
one side of silicon lens of photoconductive antenna, and 
carriers are produced when femtosecond laser irradiates to 
one side of electrode of semiconductor material. Terahertz 
can be detected when the carriers are drove by terahertz 
electric field and generates a current signal. However, it 
should be pointed out that the detected photocurrent signal 
is not a copy of the terahertz waveform, but is determined 
by the incident terahertz field and the surface conductivity 
together. Therefore, to obtain the final terahertz amplitude 
signal, a complex mathematical deconvolution operation 
is necessary. The most typical application of generation 
and detection based on photoconductive antenna is to con-
struct terahertz time domain system (THz-TDS), as shown 
in the Figure 16(b).

(a)

(b)

Figure 16. (a) The schematic photoconductive antenna 
detector, and (b) the schematic picture of THz-TDS [2]. 

Copyright © 2011 SEP, Warsaw
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3.2.2 Electro Optical Sampling and Optical 
Rectification

The terahertz signal detected by the photoconductive 
antenna is still the intensity signal, but the electric field 
phase and other information cannot be determined. A 
good solution based on free space electro-optic sampling 
is proposed [39]. The basic mechanism of electro-optical 
sampling is the Pockels effect, which is closely related to 
the optical rectification. In practical application, the pro-
cess is as follows. As shown in Figure 17, terahertz wave 
and optical pulse (here optical pulse as a probe pulse) 
pass through the electro-optic (EO) crystal together. When 
there is no terahertz pulse, the polarization direction of 
the linearly polarized optical pulse does not change. After 
passing through a 1/4 wavelength plate, probe pulse turns 
into a circularly polarized light. The Wollaston prism de-
composes subsequently the circularly polarized light into 
two vertical components with the same light intensity. The 
balance photodetector will eventually fail to detect the ra-
diation intensity. However, if a terahertz pulse is incident 
on the EO crystal, the field induced birefringence will 
cause the probe pulse to produce elliptical polarization, 
which will be further converted into an elliptical polariza-
tion similar to circular polarization after passing through a 
quarter wavelength plate. Then, the elliptically polarized 
light is decomposed into two vertical components with 
different intensities by the Wollaston prism, which even-
tually causes the balance photodetector to detect the in-
tensity difference. The intensity difference is proportional 
to the amplitude of terahertz field and also can reflect the 
phase information.

Figure 17. The typically schematic principle of EO sam-
pling in free space

3.2.3 Nonlinear Mixing, Heterodyne and Differ-
ence Frequency Detector

As shown in Figure 18, THz radiation with frequency wS 
is combined with reference frequency wO (the reference 
frequency is generated by a local oscillator (LO) with 

definite frequency and power) [40]. THz radiation and ref-
erence radiation are combined in a nonlinear mixer, which 
induces a frequency sum (wS+wO) and a frequency differ-
ence (wS-wO). The latter means the down-conversion of 
THz signal, which usually falls in the microwave range. 
Subsequently, it can be detected indirectly by a mature de-
tector (such as the microwave detector based on Schottky 
barrier diode). The difference frequency detection method 
can also be used for coherent detection of THz radiation 
of continuous wave, and can also determine the phase. 
Scanning the local oscillator signal can reappear the THz 
wave.

Figure 18. The schematic principle of nonlinear mixing 
and difference frequency detector (wB is background radi-

ation) [2]. Copyright © 2011 SEP, Warsaw

3.2.4 Glow Discharge Detector

Terahertz radiation hits the gas plasma (i.e. that in the 
commercial neon tube) that thus is heated by the inverse 
bremsstrahlung effect in the negative glow region, result-
ing in the increase in the ionization of the gas plasma [41]. 
At this time, the current flowing and the brightness in the 
tube will increase at the same time, and these phenom-
ena can be monitored. On the one hand, the current in 
the neon tube is operated in the "normal" or "abnormal" 
range, and then, the current change is tested to determine 
the terahertz radiation. On the other hand, due to different 
brightness, optical technology is also utilized to monitor 
the brightness of the tube to determine terahertz radiation.

3.2.5 Surface Plasmon Detector

When the matching conditions of the incident terahertz 
wave vector and the materials’ surface plasma wave vector 
are satisfied, and the matching conditions of the terahertz 
frequency and the materials’ surface plasma frequency are 
satisfied, terahertz field can interact with the surface plas-
mon of materials to excite the surface plasma wave of ma-
terials. This interaction can be detected by designing ap-
propriate device structures, such as field effect transistors 
(FET), as shown in Figure 19(a) [42]. In recent years, with 
the development of new materials and micro-nano tech-
nology, the surface plasmon detection method has been 
brought into full play and has a bright future. The surface 
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plasmon detector has the advantages of fast response, high 
detection, high sensitivity and gate voltage control.

A variety of material systems have been used to prepare 
THz detection devices based on the principle of plasmon 
resonance, such as high electron mobility transistors based 
on III-V family materials and graphene two-dimensional 
materials. Compared with many other types of room tem-
perature terahertz detectors, these devices achieve higher 
detection sensitivity and faster response speed. At the 
same time, their preparation process is compatible with 
the current common semiconductor production process, 
which is conducive to the practical and commercial devel-
opment of the devices.

Meanwhile, the artificial metamaterials (metasurfaces) 
structures are one of the emerging research hotspots in 
recent years [43], which are usually composed of periodic 
arrangements of meta-atoms that size is less than or equal 
to a specific wavelength. By studying the structure design 
of metamaterials, the terahertz wave can be modulated or 
absorbed. As shown in Figure 19(b), metamaterials are 
expected to use in various kinds of surface plasmon detec-
tors, further improving the detection efficiency of THz [44]. 

(a)

(b)

Figure 19. (a) The FET surface plasmon detector [42], and 
(b) the use of metamaterials in THz sensing [44]

3.2.6 Golay Detector

Golay detector is one of the most common terahertz gas 
detectors, which is often used for astronomical detection 
and infrared band detection. As shown in the Figure 20, 
the core part of Golay detector is a closed gas chamber. 
The one wall of the chamber is equipped with a radiation 
absorber, and the other wall of the chamber is a flexible 
mirror. When terahertz irradiates, the radiator absorbs 

the heat of the terahertz wave. As heat builds up, the gas 
expands. This makes the flexible mirror deform, and then 
the probe beam deflect and terahertz is detected indirectly. 
The device can work at room temperature with low cost, 
low energy consumption, no wavelength selection, but it 
has a slow response and is easy to be interfered by its own 
thermal fluctuation, external radiation and vibration.

 

Figure 20. The schematic principle of Golay detector [2]. 
Copyright © 2011 SEP, Warsaw

3.2.7 Bolometer

Bolometer is another common terahertz thermal detector [1], 
including semiconductor bolometer, hot electron bolom-
eter (HEB) and transition-edge sensor (TES) bolometer 
based on superconducting phase transition. The working 
principle of bolometer can be summarized as follows: 
when the device absorbs the energy of electromagnetic 
radiation, the lattice temperature or electron gas tempera-
ture of the photosensitive element in the device changes, 
resulting in the change of the conductivity or the electro-
chemical property of the photosensitive element, and then 
the electrical signal that can be detected is generated. The 
detectivity of this device is high, but it needs to work at 
very low temperature.

3.2.8 Thermoelectric (photo-thermoelectric) De-
tector

As shown in Figure 21, thermoelectric detector uses 
Seebeck effect to realize terahertz detection, which is 
generally made of two different materials as electrodes or 
the same material but different diameters. Further, pho-
to-thermoelectric detector based on photo-thermoelectric 
effect emphasizes the thermal radiation characteristics of 
light [45]. Because of the difference of Seebeck coefficient, 
the temperature difference between two different elec-
trode materials or the ends of different diameters of the 
same material will produce the potential difference. The 
medium receiving thermal radiation are various (such as 
graphene we are familiar with). Thermoelectric detector 
has the advantages of small size, durability and low price, 
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but generally it has slow response, high noise and poor 
sensitivity. 

Figure 21. The THz thermoelectric detector based on 
Al-carbon nanotube-Au system [45]. Copyright © 2019 

American Chemical Society

3.2.9 Pyroelectric Detector

Pyroelectric detector is based on pyroelectric material 

[46]. Pyroelectric materials can show spontaneous polar-
ization, and the degree of polarization is usually related 
to temperature. When the heat of THz wave is absorbed 
by the pyroelectric material, the temperature of the ma-
terial increases, which will change the electric field on 
the upper and lower surfaces of the material. Usually, the 
pyroelectric material is usually inserted into the capaci-
tor as a medium. As a results, the THz can be monitored 
by test the change in electrical performance of capacitor. 
Pyroelectric materials can work at room temperature 
and have compact and simple structure. But the noise is 
strong, the response is slow, and the sensitivity is still 
low.

3.2.10 Barrier Detector

By constructing devices with electronic barriers, the 
most common ones are Schottky diodes [1], and other 
ones are tunnel diodes, superconductor-insulator-super-
conductor or superconductor tunnel junctions. As shown 
in Figure 22, the terahertz field acts on one side of the 
barrier, and the electron gains energy across the barrier, 
which makes the device obtain current signal. Because 
the diode can operate under zero bias voltage, it can ef-
fectively reduce the device noise, and the response speed 
is faster when detecting terahertz at room temperature. 
However, because the potential barrier is a certain value, 
the electron must obtain the corresponding energy in or-
der to effectively transition, which makes the device of-
ten work in the narrow band and cannot realize the wide-
band detection.

Figure 22. The schematic principle of Schottky barrier
THz detection [2]. Copyright © 2011 SEP, Warsaw

3.2.11 Electron Bound State Transition Detector
At low temperature, electrons combine with atoms that

supply electrons, and electrons in certain bound states can
absorb terahertz photons and transition to high energy
states. The device can be realized by doping the intrinsic
semiconductor to building a quantum well [47,48], as shown
in Figure 23. Terahertz light makes the electrons on the
impurity bound state transition to the unbound state. Af-
fected by the well parameters, the quantum well detector
belongs to a narrow band, but by adjusting the transi-
tion energy between sub-bands, the detection frequency
range can be widened. These devices have fast detection
response, but low quantum efficiency and need low tem-
perature environment.

Figure 23. The schematic THz quantum well detector [47]. 
Copyright © 2015 IEEE
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4. Forward

Today, terahertz generation and detection technologies 
have achieved a prosperous development, but there are 
still many problems. Traditional terahertz generation tech-
nologies, such as those based on photoconductive antenna 
and electro-optic crystal, are difficult to achieve high 
output power. Although electron accelerator, laser and 
backward wave oscillator have been applied to the tera-
hertz generation field and obtained improved output pow-
er, these devices are precise and huge, which lead to the 
high cost of terahertz generation. On the other hand, many 
kinds of detection technologies have been developed, 
but these methods have their own limitations. Traditional 
detection technology based on terahertz thermal effect is 
always difficult to detect terahertz efficiently and accu-
rately. With the development of new material technology 
and micro-nano technology, the technologies of detecting 
terahertz by means of electromagnetics and photonics 
seems to be more and more popular, especially the surface 
plasmon detection technology that is completely based 
on the new material and advanced micro-nano machining 
technology, has a broad development space. In general, 
although the development of terahertz generation and 
detection technology still has a long way to go, with the 
progress of industry and science, it is believed that the en-
gineering and theoretical bottlenecks restricting terahertz 
generation and detection will be solved.
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The brush lock is due to assembly tightly during assembling three gripper 
so that it curls after some time in motor and bare motors. The motor hap-
pen to have current decreasing and cause rotary too slowly is an important 
technique problem. At last the motor hasn’t worked due to disconnection. It 
give company to bring assembly issue for customers. So the motor stall is 
main issue in motor working. We shall pay more attention to it necessarily 
and shall be strict quality inspection and we shall monitor the flow line for 
the sake of decreasing it. We shall solve the problem as soon as possible 
and communicate with the customer engineers. Unloaded rotation is rad-
ical in the base inspection. The engineer need to negotiate with supplying 
engineers for the qualified material of brush. Increasing inspection into 
more times is a method to decrease unqualified brushes. Some experiment 
method is explained to analyze for customer engineers. Two kinds of 
motors ie. stepping and asynchronous motor and motors used  in future in 
car is explained to further knowledge to motor’s application. Such as the 
experiment with torque, voice and electric voltage converter. The pseudo 
soldering results the slow rotary. The reverse voltage is a reason for a motor 
to slow rotary even stall.
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1. Introduction

The motor is a mechanism can rotate to work in a 
certain load with rotary under the electricity. It 
is usually used in tool, auto, DVD, Printer and 

personal care etc. [1,2] It sold to customers often happen to 
voice, stall and low rotary etc quality & technique prob-
lem. Many of them happen in load after assembling with 
machine, so that the technique issues bring about serious 
complaint. Because they are sold to customers the motor 
technique issue will be substituted into new products. If 
the test in company is small problem they are feasible to 
connect with factory for substitution. Some of methods to 
motor will be known by technique staffs in customer com-

panies for them to proceed a certain adoption to solve. [3,4] 
unloaded rotation is important in detail it refers to con-
struction and coil that will affect the rotation. This is nec-
essary inspection to look for the causes the motor has stall 
or slow rotation. Unload one is too high since it wastes 
energy becoming high cost too low it causes low working 
efficiency. The motor reverse rotation is one problem. If 
DC (direct current) motor meets the reverse connection 
the brush will reversely rotate. That is harmful to motor 
use even makes a pair of brush to tangle to motor install 
due to the reverse rotation. So we shall pay an attention to 
the color of connection. The red one is anode and yellow 
id cathode. This is assembly turn.
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2. Analysis and Discussion

2.1 Motor Process

The process of producing motors has assembly including 
shaft assembly, magnet, assembling shell etc, inspection, 
after sale & technique support. The reasons of quality is 
below. (1) brush lock; (2) rotary slowly due to over load; 
(3) disconnection; (4) life fatigue. The brush lock is due to 
assembly tightly during three gripper so that it curls after 
some time in motor. The motor happen to current increas-
ing and cause rotary too slow is a technique issue. As last 
the motor hasn’t worked due to disconnection. If in the 
situation the load is big that the motor rotates slowly. In 
the situation the one who is deliberate to increase load to 
trial the motor. So we shall investigate to be responsible to 
the one who does practical joke. The flow line is a big and 
complicated so the cost control is necessary to devices and 
workers. Due to the several hundreds meter flow line with 
several hundreds workers in the unit the cost control must 
be considered and calculated to scientific management and 
profits. Unloaded rotation can investigate the motor’s tech-
nological properties, for example the manufacture technical 
force is qualified or not because it is design core. Engineers 
will design the property firstly they may evaluate the motor 
behavior goodly. This is a long distance auto flow line to 
assemble 50 workers with several very expensive machin-
ery. The first is flow line machine. It completes three coil 
wire in turns automatically and at last joint three points to 
output currency to two metal polarities in motor plastic cov-
er. The second is very delicate auto work to insert brushes 
to plasticity cover with the magnified monitor to check the 
delicate brush to assemble completely. Only if it is live 
monitored the fault can be found happen or not immediate-
ly. This work need delicate insert because the thickness of 
brush foil is very thin about 0.1mm. Next one is riveting 
brush in plastic cover with sophistical machinery in assem-
bly heat box. And then the fourth is the permanent magnet 
the rubber which is inserted into motor housing with elec-
tricity and last one the sixth is automatically assembling 
motor house and plastic cover with machine. 

2.2 Motor Stall or Rotate Slowly

There are video magnified system to inspect the qualified 
rush assembly in work line. If there is no problem it will 
pass the products. If there is slight strain eg twist they will 
limit and exclude those unqualified. If the elastic and hard-
ness has issue they will cause rush shaft twist and abandon 
due to the contact over big between rush and shaft knot 
with some contact metal ring. It may be formed scratch in 
assembly course and cause rush strain. So the worker in 

assembly need to find the unqualified early and also pur-
chase division to inspect the figure and elasticity strictly. 
The sample shop need to find the unqualified and inform to 
engineering division and quality division to adapt method 
to decrease the unqualified. Former is easy to find and lat-
ter is difficult to find. Step in first is key otherwise it will 
reproduce and abandon material. Person effects the firm 
efficiency and benefit due to reproduce and form complaint. 
So that that complaint effect staffs emotion and produce. 
The unloaded rotation needs check with device to find the 
important values then loaded one is to be known eg slight 
loaded rotation etc and at last the current is to be known 
to find its maximum life. The train to staffs is necessary of 
speciality and quality. Let them know the operation skill to 
promote their quality so as to produce high quality prod-
ucts. Sony etc Japanese company propose cost decreasing 
project to obtain high efficiency. In order to high efficiency 
they increasing high quality to product line. The aim of 
project is high quality and efficiency to increase compe-
tition. The efficiency is high then the quality is high too 
due to reasonable management. if the unloaded rotation is 
normal the motor cause internal problem. For example coil 
has some problem or internal construction has problem. 
Due to decreasing harmful and unhealthy radiation from 
Smart Phone or i-pad the EMI is applied to inspecting the 
eletro magnetic interference situation. EMI is mean of elec-
to magnetic interference which is used to inspect the motor 
to prevent from radiation of electro magnetic field.It hap-
pens to in electro circuit usually and in higher energy state 
like big informative output from transformation. Engineer 
checks the number according to connecting with circuit 
through this device. The number is high when interference 
is big so that we regulate the parameters to fit to low radi-
ation for customer usage healthily. The first method is to 
distribute copper etc. to electric brushes through changing 
composition to cut down the big interference radiation. The 
second method adds the voltage dependent resist in some 
frequencies. pseudo soldering is the one reason for slow 
rotary. This is a important factor to slow rotary and stall as 
well. many faults will happen in manufacture so that it is 
inspected carefully to ensure its finish. Regulating machine 
is necessary process that will guarantee the solder to cover 
two poles correctly. It increases current to benefit rotation.

2.3 Experiment Method

Don’t let voltage is bigger than maximum voltage in 
order to burn the current plate. As for the designer they 
control the voltage. If it is small precise need to be big, 
and it let the motor small. It is easy to produce precise 
problem. If it is neglected the plate is burned and stall. In 
the flow line the worker inspect the currency to be mag-
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nified to check the normal motor. Moreover the quality 
staff check the complaint motor with voltage or flow line 
device which is highly magnified through regulating the 
size of currency with oscilloscope etc. So to resolve the 
motor stall etc. non-technological exquisitely property 
many experimental methods to be used to have searched 
for as rapidly as possible when a quality issue occurs. 
The unloaded rotation need to be investigated to find es-
sential factor and designer correctness or not. If there is 
certain deviation the responsibility will be checked and 
resign responsible persons evenly. So the monitor tech-
nique engineer is necessary duty in factory. They have 
lot number written the date, line etc. So issue is known 
through lot number by the direct and secondhand, then 
the responsibility is asked and give penalty seriously. 

Figure 1. Performance curves for Fuel pump motors

2.3.1 Motor Torque & Current

In terms of load motor is measured to decide it. As for the 
samples and complaint we adopt the working load and max-
imum one to inspect where to be issue. If load is low and 
voltage is over low we judge the structure and coil winding 
problem. If structure is small the motor isn’t issue. Coil 
winding is over big and winding small it need to negotiate 
with sample shop to look for the over high and load small. 
The load test use a strip attaching to motor and then switch 
on power in order to rotate it. In terms of load size motor is 
confirmed through rotary. This experiment is sophisticated 
so it is used necessarily. eg new kind design and customer 
complaint to inspect torque situation. Another simple meth-
od is to use a tool limit motor shaft then in terms of current 
judge the motor life. This time the current become high 
until the motor is failure. Latter see the value of current to 
judge the coil winding etc inner problem. Due to oversize 
load or formed motor structure the stall or slow rotary will 
occur too. It will prove the unloaded rotation additionally. 
As shown in Figure 1 the fuel pump motor’s current and ef-

ficiency are shown with the torque. Efficiency is the highest 
at 11 Nm of torque. It will increase steeply from zero be-
fore the value and then decrease sluggishly after this value. 
So this is the rate torque. If the torque is higher than it the 
efficiency will become low. The current increases generally 
as the torque becomes high. If big torque even stall happens 
the current will increase continuously. At last the current 
will ascend until the open circuit takes place.

2.3.2 Fatigue Experiment

To apply to the fatigue experiment is wanted to do. The 
metal plate is joined to motor and put it into slotted mag-
netic device then power on the motor will rotate. Regulate 
the depth of metal plate can change the motor’s load. 
Generally several weeks even several months are wanted 
to this test for the property. Every type uses several ten. 
Technique look the rotary state in this period. When there 
is stall or slow rotary pick off to inspect additionally. 
Cause analysis is needed and regulates to test again till 
the qualification even stop this type products severely. If 
the qualification is gained the lot product will write out 
specification to delivery together. To investigate unloaded 
rotation and fatigue ability is the important aim. We may 
model and measure additionally.

2.3.3 Voice

The voice of motor is main specification of valuing the 
qualification. So the voice Inspection is very important. 
We put several ten small motors to a room and close their 
doors and in other room to inspect their dB. According to 
the  GB10069.2-88 5dB is rotary motor minimum value in 
terms of discrete frequency composition. Due to the voice 
produced in load the lowest motor voice is needed ac-
cording to new situation and standard. It makes the shaft 
scratch stalls seriously due to over size burr. We went to 
customer to deal with the voice complaint and recall the 
lot motors to investigate. This issue has generally occurred 
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Figure 2. Advantages of new compact motor in electric 
steering column lock product line for good unloaded rotation
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in the customer assembly and experiment, so we shall pay 
attention to it. To review the unloaded rotation voice is the 
most foundation condition.

2.4 As for Unloaded Precise New Stepping Motor 
& Asynchronous Motor and Use in Future

The stepping motor is a kind of one of precious con-
trolling speed and torque distance according to unloaded 
precise. It usually divides two groups, three groups and 
five groups. It is used in automatic toll switching system 
firstly and no need alternating current ship later etc. It 
is promise and vision one in the future. It is depended 
on the pulse signal frequency and amount. It is called as 
Pulse motor. It isn’t depended on load. That single chip 
micyoco controls it is necessary in the future and fits dig-
ital tendency of time too. synchronous motor is a simple 
structure & easy to make motor, the disadvantage is poor 
power factor which is cos ϕ, Here the phase difference in 
voltage and currency is used with ϕ, ratio of active pow-
er and apparent power P/S . It has rotary magnetic field 
and rotary rotor which uses alternate current power. The 
induction motor is generally called asynchronous motor 
in some countries. All the motors have the same problem 
of stall etc. To promote unloaded rotation the lamination 
voltage and currency and graphite rush force etc will be 
the possible reason for.

As shown in Figure 2 the new compact motor is good 
at some properties. In future for unloaded rotationˎ low 
weight and high torque motor will be prospective appli-
cations such as electric steering lock and window in car 
etc vehicle. There is market in future for advanced re-
flectors to use for five degrees of freedom. They can reg-
ulate the reflector with motor to see better and clear for 
running off accidence. One is forwards and backwards, 
one is up and down and another is along vertical and two 
horizontal axises. They are highlight to be used in luxury 
personal cars widely in future. As shown in Figure 3 the 
reflective mirror has five freedoms which promote the 
flexible function to the most exhibiting multiplied regu-
lation through motors. 

3. Conclusion

Motor stall produced by flow line and inspection isn’t 
strict. So increasing the flow line quality and inspect care-
fully can control it. Technique and quality division shall 
monitor producing tightly. Meantime the material inspec-
tion do more times to find the issue. Some experimental 
methods and device is introduced besides new high tech-
nology stepping motor and asynchronous motor & use on 
cars in future. eg. Motor torque and device & voice for the 
stall or slow rotation. The unloaded rotation is radical. 

The pseudo soldering results the slow rotary due to the 
small current. This is a factor to slow rotary and stall as 
well. The reverse voltage is a reason for a motor to slow 
rotary even stall due to brush’s reverse rotary. So it is paid 
attention to and grasped anode and cathode to guarantee 
the forward set of DC motor because of its correct use and 
decreasing unqualified of slow rotary even stall.
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