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Abstract 
With cutting edge deep learning breakthrough, numerous innovations in 
many fields including civil engineering are stimulated. However, a funda-
mental issue that civil engineering research community currently facing is 
lack of a publicly available, free, quality-controlled and human-annotated 
large dataset that supports and drives civil engineering deep learning research 
and applications on such as intelligent transportation including connected 
vehicle, structural health monitoring, and bridge inspection. This paper is a 
general discussion about demanding needs and construction of a 
long-anticipated dataset for researchers and engineers in civil engineering 
and beyond for providing critical training, testing and benchmarking data. 
The establishment of such a free dataset will remove a major hurdle and boost 
deep learning research in civil engineering and we hope this work will urge 
researchers, engineers, government agencies and even computer scientists to 
work together to start building such datasets. A framework has been devel-
oped for the proposed database. Also, some pilot study databases were devel-
oped for concrete crack detection, pavement crack detection using normal 
and infrared thermography, as well as pedestrian and bicyclist detection. A 
convolution neural network model called Faster RCNN was deployed to 
check the detection accuracy and a 98% detection accuracy of the proposed 
datasets was obtained. 
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1. Introduction 

With the breakthrough of deep learning due to advances of hardware such as 
GPU and Google cloud TPU chip [1], available large datasets as ImageNet [2] 
and benchmarks and algorithm improvements such as better activation func-
tions, better weight-initialization schemes and better optimization schemes [3], 
numerous innovations have been unveiled and researchers from various com-
munities are being excited. Civil engineering researchers have applied this novel 
computer technology to damage detection of structure [4] [5], concrete crack [6] 
[7], bridge structural components [8], pavement [9], tunnel [10], transmission 
tower [11] and roof [12]. Some of the most significant commercial products 
built on deep learning are Apple HomePod®, Amazon Echo®, and Google 
Home®. 

One big force that drives the advance in computer vision, machine learning 
and deep learning is publicly available large and high-quality datasets that stand 
behind various competitions hosted by Kaggle platform that challenges data 
science and Artificial Intelligence. One example of such competition is Image 
Large Scale Visual Recognition Challenge (ILSVRC) that is hosted annually in 
order to challenge computer algorithms for object localization/detection from 
images and videos [13].  

Data has been playing an irreplaceable role behind recent explosions and 
boom in artificial intelligence (AI). The key element or foundation of deep 
learning application and research is the dataset that supports training and testing 
deep neural networks and learning skills. In computer vision and machine 
learning (ML) research community, there are openly available datasets like Im-
ageNet [2] that supported the pioneering deep learning publication AlexNet [14] 
and spawned the current AI boom, MS COCO [15] for objection, segmentation 
and captioning, CIFAR-10 [16], a labelled subset of 80 million tiny images that 
support ML [17], and MNIST [18] for handwritten digits. It took tremendous 
efforts, time and investment to build such large-scale datasets. For example, MS 
COCO researchers utilized more than 70,000 worker hours [15] to label and 
annotate millions of images and object instances. The data is so important to AI 
and deep learning, that it was reported very recently in June 2018 that the Presi-
dent’s most senior technology advisor claimed that the White House may con-
sider releasing some government data to push AI research [19].  

However, the open dataset is of limited value to civil engineering research 
community. Most of the research papers in civil engineering fields used their 
proprietary datasets which are generally quite small compared to the above gen-
eral-purpose datasets. While the success of deep learning owes to availability of 
large-scale labeled data [20], it would be less advantageous if only small datasets 
were used. Sun et al. [20] concluded that the performance of vision tasks in-
creases logarithmically if the size of dataset gets large. If research data could be 
widely shared, a larger dataset would be created with fewer efforts. But research-
ers are reluctant to share their data due to legal issues and many other barriers 
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[21].  
Various techniques have been proposed to solve the issue of small datasets for 

training and testing deep neural network. The creator of Keras deep learning li-
brary Chollet [22] proposed a few simple techniques to address small dataset for 
image classification problem, which includes data augmentation, and transfer 
learning [23]. Nevertheless, transfer learning only works for deep learning when 
the model features extracted from a large dataset from pre-training are general. 
In this sense, use for example a pre-trained ConvNet on ImageNet for transfer 
learning of crack and damage of concrete is still questionable and investigation 
must be done to properly evaluate the feasibility of using this technique for civil 
engineering applications purpose.  

In the rest of the paper, a reader will expect the discussion of the application 
of AI in Civil Engineering research and how important a good database makes 
the AI techniques more efficient for the users. In the following section, a dataset 
structure is proposed and discussed how it can improve the traditional database 
limitations. At the end, some proposed databases were developed and tested us-
ing convolution neural network (CNN) models.  

2. Civil Engineering Research and Application Needs 

Modern computer technologies are making civil engineering, one of the oldest 
engineering disciplines, smarter and more intelligent. Worldwide cities and 
governments are launching smart cities [24] initiative. Intelligent Infrastructure 
can be one of the key characteristics that supports smart city initiatives. Intelli-
gent infrastructure addresses intelligent transportation [25] [26], smart buildings 
and structures [27] [28], smart bridges and tunnels [29], smart pavement moni-
toring system [30], and etc.  

The USDOT’s Intelligent Transportation Systems (ITS) ITS Strategies Plan 
2015-2019 outlined the goal of “Realizing Connected Vehicle (CV) Implementa-
tion” and “Advancing Automation” as the primary technological drivers of ITS 
[31]. Connected vehicle applications build an interoperable wireless communi-
cation network through dedicated short-range communications (DSRC) [32] or 
possibly on the deploying 5G telecom network in the near future, which collects 
vehicles, infrastructure (as traffic lights), and wireless devices (as cell phones) to 
prevent vehicle crash, improve mobility by reducing delay and congestion and 
benefit environment by cutting emission. In September 2016, US DOT selected 
New York City, Tampa-Hillsborough and Wyoming to launch its Connected 
Vehicle Pilot Deployment Program, which serves an initial effort to deploy, and 
test the cutting-edge CV technology [33]. Connected vehicle research has still 
been its early stage, which relies and demands sizable datasets that can serve 
benchmarking data for developing critical algorithms. Valuable, publicly availa-
ble, selected and well-organized data related will be always appreciated in order 
to help advance fundamental knowledge and provide strong and timely support 
to connected vehicle research. 
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Allocation of Federal transportation funds and transportation infrastructure 
management and planning requires traffic monitoring, vehicle count, and classi-
fication. Very affordable video devices and State-of-the-art deep neural network 
based computer techniques/algorithms such as YOLO [34], and Faster R-CNN 
[35] can provide simple, manageable, cost-effective, real-time solution to any 
type of traffic counting and classification problem. A large dataset with images 
of all types of motorized and nonmotorized vehicles, pedestrians and bicyclists 
will ensure a well-trained deep neural network for detecting classifying and 
counting traffic. 

Structural health monitoring [36] to buildings, bridges, tunnels, and any other 
civil infrastructure will provide a real-time and preventative strategy to identify 
and monitor potential damage to a structure. Application of wireless sensor 
network and wireless smart sensors [37] is the recent trends and future of civil 
infrastructure health monitoring. Trained deep neural network can be a strong 
candidate to automatically process the collected ambient vibrations, wind, strain, 
displacement data for structural damage detection and condition health assess-
ment. However, training a deep neural network calls for a reliable large dataset. 
Other potential application of deep neural network can be dam and nuclear 
power plant concrete structure health monitoring, which may safeguard welfare 
and lives of hundreds of thousands of citizens. 

Another critical civil engineering need is bridge inspection automation. With 
more than 56,000 or 9.1% structurally deficient bridges in the US, more and 
more bridges may require even shorter inspection interval than the basic 2-year 
requirement, which means more inspection and maintenance efforts, and higher 
costs and more dangerous works. With affordable Unmanned Aerial Vehicle 
(UAV) and deep learning computer technology, it is a trend to partially or com-
pletely replace vision inspection. Many civil engineering researchers including 
the authors of this article and computer scientists are working enthusiastically 
towards automation of bridge inspections. Recently we proposed a framework of 
coupling UAV and deep learning for civil infrastructure condition assessment. 
One of the major challenges civil engineering community face in applying deep 
learning in bridge inspection is shortage of an image dataset that has good re-
presentation of all bridge components to be inspected [38].  

Deep learning has also been attempted to solve time-series based real-world ap-
plications. Researchers recently applied this computer technology to predict and 
forecast traffic flow [39] [40] in order to study traffic congestion and delay, and es-
timate building energy consumption [41] [42] to eventually develop smart grids. 
The traffic data used in these studies for training and testing are obtained from 
open data portal provided by State DOTs. And the electric power consumption 
data was collected from an individual residential customer. Not many publications 
have been found in these research areas partly due to insufficient quality data. 

In summary, deep learning can transform many aspects of conventional civil 
engineering: structural health monitoring of important infrastructure in damage 
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detection automation, bridge inspection, intelligent transportation and con-
nected vehicle, road condition assessment, traffic counting and planning, traffic 
flow prediction and building energy consumption estimation. We anticipate 
more and more exciting and meaningful applications of deep learning in civil 
engineering with large dataset and advanced deep neural network architectures 
available soon.  

3. The Proposed Dataset 

This section presents the difference of the proposed dataset from the existing 
ones, what should be included in the proposed dataset, how it can possibly be 
organized, the data collection methods and finally tools to build such a dataset. 

3.1. Difference from Existing Datasets 

The image datasets ImageNet [2] built by researchers from Princeton University 
and MS COCO [15] created by Microsoft provide good examples on how such 
datasets can be constructed, organized and made available to the civil engineer-
ing community and beyond. We can generally follow in the footprints of Im-
ageNet and MS COCO. Nevertheless, ImageNet currently offers only images 
while the proposed dataset expects to include time-series data such as traffic 
flow, building energy consumption, connected vehicles data as well. The 
time-series data such as connected vehicle data [43] including basic safety mes-
sage information as position, motion, vehicle size, road coefficient of friction, 
lights status and so on can be huge, which makes collect and store data very ex-
pensive. Furthermore, dataset as ImageNet hosts mostly daily life objects other 
than discipline specific targets. The needs for civil engineering applications are 
far beyond recognition and classification of daily life objects. Workers to label 
such images may need to receive Safety Inspection of In-Service Bridges training 
provided by FHWA National Highway Institute in order to produce quality la-
bels for images to be used for bridge inspection. In addition, data in the pro-
posed dataset rely on not only internet and contribution from researchers, but 
also government agencies. Even though government open data site data.gov of-
fers tremendous amount of data, finding the right data for state-of-the-art in civ-
il engineering deep learning research is without much luck. 

3.2. Data Structure 

The popular ImageNet was created with a hierarchical structure according to 
WordNet [44] that is a large lexical database of English words grouped into 
synonym set or synsets. Compared to ImageNet, the proposed dataset is more 
discipline (civil engineering) specific, it would be more appropriate to organize 
the dataset referring to government published documents, national standards or 
widely accepted classifications in the discipline. As seen in Figure 1 that depicts 
the hierarchical structure of the proposed dataset, subtrees of class bridge are 
organized following National Bridge Inspection Standards and Bridge Inspector’s  
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Figure 1. The hierarchical structure of the proposed dataset. 
 
Reference Manual [45].  

3.3. Data Collection 

Data should have good representation and cover a broad range of research and 
application to serve the cutting-edge deep learning research in civil engineering. 
Labelling of images can be a daunting task, which may be completed in multiple 
ways such as web-based annotation LabelMe [46], Amazon Mechanical Turk 
(AMT) and even with a computer game [47]. 

Humans who receive special trainings may need to label some types of data 
such as images for highway bridge inspection. 

The following is a list of various methods that may be used to collect data for 
the proposed dataset. 
• Data mining online resources 

Internet based data collection [48] is a relatively easy and cheap way to collect 
a large thus more representative data. Both ImageNet and MS COCO collect 
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images from internet. It is not a challenging task to use python script to auto-
matically extract and scrape data. However, data collected from internet may be 
satisfying for daily life applications such as detection and recognition of cats and 
dogs, they may not always meet the demands of specific civil engineering re-
search and applications. Another concern of using internet-based data is piracy 
and copyright protection. Fortunately, non-commercial use of data for educa-
tion, and research is generally allowed. For example, researchers and educators 
may download images acquired from web by ImageNet for non-commercial 
and/or educational purchases under certain conditions and terms.  
• Image data may be obtained by querying several image search engines such 

as Google Images, Bing Images, and Flickr. For example, MS COCO collected 
non-iconic images from Flickr. Kaggle can also be a good source to identify 
good data.  

• Request data from DOT and local state DOTs and other government agencies.  
This could be the best approach to obtain high quality data. The Freedom of 

Information Act (FOIA) [49] is a Federal law that gives individuals the right to 
access to any US federal agency records unless the agencies the release is prohi-
bited by law or protected by nine exemptions, which means we may not neces-
sarily be able to request all the data of interest.  

There are tremendous amount of data and we first need to identify and decide 
what are the most valuable data to be requested that can be potentially used for 
deep learning studies. One example of valuable data can be images taken by 
bridge inspectors owned by state DOTs. These images may serve high quality 
data for supervised training and testing deep neural network for bridge inspec-
tion purpose. 
• Collect and archive as traffic and data from publicly available open data por-

tal provided by State DOTs and other agencies. Table 1 shows a few exam-
ples of publicly available free traffic data portal provided by state DOTs. The 
proposed dataset website should extract data from those data portals, organ-
ize and classify for deep learning traffic flow research use, which may need 
heavy involvement of data cleansing to better serve the deep learning re-
search needs. 

• Promote and encourage share of data. 
High quality data is the heart of any research work and excellent data builds 

the best possible foundation for deep neural network related publications. How-
ever, individual author may have their small datasets and look for even larger 
dataset for their use. “Take one, return one” (a researcher may download data if 
they contribute) may encourage share of data among peer researchers.  
• Launch competitions based on the proposed dataset to help advance and de-

velop better algorithms for civil engineering deep learning research and ap-
plication.  

Kaggle sets an example of providing predictive modeling competition plat-
form to solve a wide variety of problems in different fields of computer science,  
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Table 1. Selected traffic data portals provided by state DOTs [7] [38] [50]-[63]. 

Data Portal 
States and  
Agencies 

Comments 

PeMS [64] CA 
Real-time data by 40,000 detectors across CA. 
Archived historical data with a wide variety of 
information available; free 

NYDOT Real Time Traffic 
Information 

NY City Real-time traffic cameras; free 

Smart Way [65] TN DOT 

four transportation management centers, 517 
cameras, 174 message signs, 1015 roadway  
detection systems and 49 video detection  
systems in the four largest cities;  
real-time traffic cameras 

TADA GA DOT 
Dynamic mapping interface and other data 
formats to present data collected 

ITS Public Data Hub [66] US DOT ITS data 

 
computer vision, medicine etc. With emerging technologies such as connected 
vehicle, numerous challenges have been remaining and competitions based on 
the proposed datasets will lead to better solutions, algorithms and produce high 
quality journal and conference publications, eventually accelerate AI and deep 
learning in civil engineering. 

3.4. Construction and Maintenance 

We can build an online dataset using the open-source data portal platform 
CKAN that allows easy data storage, distribution and share. CKAN is being used 
by public institutions [67] and government data catalogues, such as Data.gov 
and HealthData.gov in the US, data.gov.uk in the UK, and many others [68]. 
Construction and maintenance of such a dataset will need support from research 
grants, and donations.  

4. Building and Testing a Pilot Study Database 

A small dataset for concrete crack detection was built with 1499 concrete-crack 
images and 589 concrete-not-crack images. Figure 2 shows the sprite image of 
the proposed database for concrete crack detection. For bicycle detection and 
counting, a database was created with 988 test images and 4822 train images. 
The bicycle images were taken from Google using a special data scrapping soft-
ware tool and the images were labeled and annotated using LabelImg software. 
Moreover, a dataset was created for pavement crack detection using a 336-test 
image and 2284 train. The images were collected using a hand-held mobile 
phone and a drone. A total of 11 categories of flexible pavement crack images 
and 7 types of rigid pavement crack images were included in this dataset. The 
database images were annotated and labeled using LabelImg software with more 
than 50 hours of manual labors. Additionally, an infrared thermography dataset  
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Figure 2. Sprite image of 1642 images of crack and not crack database. 

 
was created with 24 test and 84 train infrared thermography images Figure 3 
shows the sprite images of the pavement crack detection images with infrared 
thermography images. The databases were uploaded in a Google share drive 
(http://bit.ly/2ujAhMd).  

All the developed databases were tested using a deep learning convolution 
neural network model called Faster RCNN. The description of the test parame-
ters and the procedures are out of the scope of this paper. The reader can find 
more depth in-formation of the model selection and training in this article [7]. 
However, the Faster RCNN model successfully detects the pavement crack using 
normal images (Figure 4) and infrared thermography crack images (Figure 5), 
as well as the pedestrian and bicyclist images (Figure 6). All the test images from 
the proposed pilot study databases show a 98% confidence level which means the 
database annotation and labeling are in the right direction. 

5. Conclusion and Discussion 

Big dataset is like fuel to engine that delivers power to the civil engineering AI 
research plane. A publicly available, free and labelled dataset is to address a  
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Figure 3. Sprite images of 2728 image data for pavement crack detection 
including infrared and normal images. 

 

 
Figure 4. Pavement crack detection using Faster RCNN with 98% confidence. 
 
fundamental issue of advancing deep learning research and application in civil 
engineering and beyond: high quality data. It would be a tremendous help to civ-
il researchers to build their innovative and cutting-edge works in intelligent 
transportation, connected vehicle, structural health monitoring, bridge inspec-
tion, and more real-life applications on the proposed dataset. Our pilot study  
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Figure 5. Concrete crack detection using faster RCNN with 98% confidence. 
 

 
Figure 6. Pedestrian and bicyclist detection using faster RCNN with 98% confidence. 
 
shows some of the proposed datasets for concrete crack detections, pavement 
crack detections as well as pedestrian and bicyclist detections with 98% confi-
dence level. 
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Abstract 
Recent advances in diagnostics have made image analysis one of the main 
areas of research and development. Selecting and calculating these characte-
ristics of a disease is a difficult task. Among deep learning techniques, deep 
convolutional neural networks are actively used for image analysis. This in-
cludes areas of application such as segmentation, anomaly detection, disease 
classification, computer-aided diagnosis. The objective which we aim in this 
article is to extract information in an effective way for a better diagnosis of 
the plants attending the disease of “swollen shoot”. 
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1. Introduction 

The Ivorian cocoa farm is in danger. A disease spreads quickly in the Ivorian 
cocoa farm. This is the “Swollen shoot”, a viral disease first described in Ghana 
in 1936 [1]. This disease, largely confined to West Africa, is considered a major 
viral disease. It has caused invaluable losses to producers in the Ivory Coast and 
Ghana where several million cocoa plants have been destroyed [1]. The virus is 
mainly transmitted by mealybugs. Three main symptoms are indeed associated 
with the development of the disease: swelling of twigs and roots, yellowing of 
leaves and deformation of organs. 

The fight against the “Swollen shoot” currently consists of circumscribing it, 
since there is to date no cure for this virus [1]. This process is carried out on 4 
components: prospecting and delimiting infected areas; uprooting and destruc-
tion of infected feet; replanting with a minimum distance of 10 m between old 
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and new plantations. But this method of prospecting remains rudimentary. Since 
you have to go there and the risks of physical exposure to this scourge are not 
negligible. 

To contribute effectively to the fight against this epidemic we decided to set 
up a system of recognition of the symptoms of “Swollen shoot” by drone, based 
on the networks of convolutional neurons. 

Côte d’Ivoire is a country whose agriculture accounts for more than a third of 
the Gross Domestic Product (GDP). Agriculture is an area in which almost all 
artisans are strongly involved, more specifically for cocoa growing. The epidemic 
of “Swollen shoot” requires that these artisans know the state of health of their 
plant. Moving an agronomist every time a plant has anomalies would be a waste 
of time and cost the planter enormous costs. It would be better for them to have 
an immediate solution to diagnose their plants at any time and at very low cost. 
It is in this context that we decided to set up a system based on convolutional 
neural networks for the detection of “Swollen shoot”. 

2. Convolutional Neural Networks 

Deep learning is a tool used for machine learning, in which several linear and 
non-linear processing units are arranged in a deep architecture to model the 
high level abstraction present in the data [2]. There are many deep learning 
techniques currently used in various applications. These include auto-encoders, 
stacked auto-encoders, restricted Boltzmann machines (RBM), deep belief net-
works (DBN) and deep convolutional neural networks (CNN). In recent years, 
CNN-based methods have gained popularity in vision systems as well as in the 
field of medical image analysis [3] [4] [5]. 

CNNs combine three architectural ideas to ensure, to some extent, the inva-
riance in terms of scale, offset and distortion. The first CNN model (LeNet-5) 
proposed for the recognition of handwritten characters is presented in [6]. The 
local pattern connections between the neurons of the adjacent CNN layers, i.e. 
the inputs of the hidden units of a layer m, are considered to be a subset of units 
of the layer 1m − , units with adjacent receiving fields to exploit local spatial 
correlation. In addition, in CNN, each Ih  filter is replicated across the entire 
visual field. These filters share weighting and bias vectors to create a feature 
map. The gradient of the shared weights is equal to the sum of the gradients of 
the shared parameters. When the convolution operation is performed on 
sub-regions of the entire image, a characteristic map is obtained. 

The process involves the convolution of the input image or the characteristic 
map with a linear filter, with the addition of a bias followed by the application of 
a non-linear filter. A bias value is added so that it is independent of the output of 
the previous layer. The bias values allow us to shift the activation function of a 
node to the left or to the right. For example, for a sigmoid function, the weights 
control the inclination of the output, while the bias is used to compensate for the 
curve and allows a better fit of the model. Bias values are learned during the 
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training model and allow an independent variable to control activation. On a 
given layer, the kth filter is symbolically designated by kh , and the weights kW  
and bias kb  determine their filters. The mathematical expression for obtaining 
characteristic maps is given as follows: 

( )( )tanhk k
ij kij

h W x b∗= +                       (1) 

where, tanh represents the tan hyperbolic function, and ∗ is used for the convo-
lution operation. Figure 1 illustrates two hidden layers in a CNN, where layer 

1m −  and m have four and two features maps respectively i.e., 0h  and 1h  
named as 1w  and 2w . These are calculated from pixels (neurons) of layer 

1m −  by using a 2 × 2 window in the layer below as shown in Figure 1 by the 
colored squares. The weights of these filter maps are 3D tensors, where one di-
mension gives indices for input feature maps, while the other two dimensions 
provide pixel coordinates. Combining it all together, kl

ijW  represents the weight 
connected to each pixel of kth feature map at a hidden layer m with ith feature 
map of a hidden layer 1m −  and having coordinates ,i j . 

Each neuron or node in a deep network is governed by an activation function 
that controls the output. There are various activation functions used in the deep 
learning literature, such as linear, sigmoid, tanh, rectified linear unit (ReLU).  

The neural network that we offer contains: a convolution layer, a pooling 
layer, a correction layer and a fully-connected layer. 
• The convolution layer is the key component of CNNs, and always constitutes 

at least their first layer. The convolution layer therefore receives as input sev-
eral images, and calculates the convolution of each of them with each filter. 
The filters correspond exactly to the characteristics that one wishes to find in 
the images. 

 

 
Figure 1. Hidden layers in a convolutional neural network. 
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• The pooling layer is this type of layer is often placed between two convolu-
tional layers: it receives as input several characteristics, and applies the pool-
ing operation to each of them. The pooling operation consists in reducing the 
size of the images, while preserving their important characteristics. For this, 
we cut the image into regular cells, then we keep within each cell the maxi-
mum value. 

• The ReLU (Rectified Linear Units) correction layer designates the real 
non-linear function defined by: ReLU(x) = max(0, x). The ReLU correction 
layer therefore replaces all negative values received as inputs with zeros. It 
plays the role of activation function. 

• The last fully-connected layer makes it possible to classify the image at the 
input of the network: it returns a vector of size N, where N is the number of 
classes in our image classification problem. Each element of the vector indi-
cates the probability for the input image to belong to a class. For example, if 
the problem consists in distinguishing cocoa in good condition and cocoa 
infected with Swollen, the final vector will be of size 2: the first element (re-
spectively, the second) gives the probability of belonging to the class “healthy 
cocoa” (respectively “cocoa infects”). Thus, the vector [0.90 0.1] means that 
the image has a 90% chance of representing cocoa in good condition. 

Below is the model of our neural network (Figure 2). 

3. Presentation of the System and Data Analysis 

The system we offer is made up of four main phases (Figure 3): 
 

 
Figure 2. Convolutional neural network. 
 

 
Figure 3. Modeling our system. 
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• The pretreatment phase; 
• The learning phase; 
• The evaluation phase; 
• The prediction phase. 

The first thing to do is to explore all possible avenues to recover the input data 
from our system. Indeed, data constitutes experience, the examples that we will 
provide to your algorithm so that it can learn and become more efficient. Once 
the data has been found, you must proceed to the cleaning step. Care should be 
taken to ensure that the data is consistent, with no outliers or missing values. We 
have few datasets for the detection of symptoms of “Swollen shoot”. To have 
more data, we applied geometric transformations, which modify the position of 
the pixels in the image. A rotation, a translation or a change of scale (zoom) are 
typical examples. 

4. Data Preprocessing 

Two images of the same class, which represent the same physical object, are 
therefore linked by a transformation. However, the precise characterization of 
this transformation is unknown to us. How to determine the transformation 
which makes it possible to pass from an image to another? It is in fact a classic 
problem in computer vision, called image matching. Instead of trying to deter-
mine the precise mathematical equation of the transformation as in the previous 
part, the strategy consists in finding the elements common to the two images 
called patterns. These patterns are represented by small images, called Template. 
The purpose of Template matching is to find patterns in an image. 

The template matching carried out with filters uses the cross-correlation op-
erator, noted ⊗ . This operator transforms the image of matrix representation X 
into a new image Y H X= ⊗  in the following way: 

, , ,
k k

i j u v i u j vu k v kY H X + +=− =−
= ∑ ∑                      (2) 

In this context, H is a small image representing the Template to find. Con-
cretely, this operation amounts to dragging H onto the image X, to multiply the 
overlapping pixels and to summing these products. 

Thus, Template matching consists in calculating the cross correlation between 
an image X and a filter whose kernel H represents a Template that one wishes to 
find in X. In reality, this technique is not so practical. On the one hand, to be 
able to define the Template, we have to look for the image area to recognize by 
hand before doing template matching. On the other hand, the cross-correlation 
operator is very sensitive to these variations. So we have to find a way to get a 
more generic template. In other words, it is necessary to formalize the properties 
of the characteristic elements of a class of images. This is where the notion of 
characteristic of an image comes in. 

In computer vision, the term features designate characteristic areas of the dig-
ital image. These areas can correspond to outlines, points or regions of interest. 
Each detected feature is associated with a vector, called a descriptor (feature de-
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scriptor or feature vector), which, as its name suggests, describes the area con-
cerned. The resolution of the image matching problem is then done in two stag-
es (Figure 4): 

1) Detect and describe the features in each image. 
2) Find the pairs of features that match in the two images (features matching). 
The image matching algorithm studies the characteristics of the images, so the 

quality of the results depends (among other things) on the relevance of the de-
tected characteristics. In this sense, the first step is fundamental and should in 
no case be overlooked. 

A wrong choice of characteristics can lead to several difficulties in the match-
ing stage: 
• Problem 1: two images do not have the same characteristics when they 

represent the same object in different ways. 
• Problem 2: these two images have the same characteristics, but finding the 

matching pairs is very difficult. 
These two problems make the correspondence impossible and must therefore 

be anticipated from the first step, when detecting and describing characteristics. 
This brings us to the following question: 

What characteristics should be selected? 
We have introduced the features as interesting areas of the image. More spe-

cifically, an area is a good choice of characteristics if it is: 
• Repeatable: a characteristic must be found in the images representing the 

same object despite the geometric and photometric differences. A characte-
ristic must therefore have invariance properties to these transformations. 

• Distinctive: a characteristic must be sufficiently unique and unambiguous 
within an image to facilitate correspondence. It is the information contained 
in its descriptor which must highlight its particularity. 

• Local: a characteristic must correspond to a sufficiently small zone, and it is 
described according to its vicinity only. This avoids the difficulties of corres-
pondence due to occlusion phenomena. 

The gradient of an image is a very useful tool for characteristic detection. It is 
a vector I∇  composed of the partial derivatives of the intensity function, and 
calculated in each pixel: 
 

 
Figure 4. Legend example of image matching. The characteristics are marked by the 
squares. 
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                     (3) 

The partial derivative with respect to x (or y) makes it possible to study the 
variations in image intensities in the direction of the abscissa (or ordinate) axis. 

5. Network Learning 

After having carried out the model, it is necessary to submit it to the data so that 
it adjusts the values of its parameters (if it has any). The parameters are adjusted 
using a learning algorithm. If, in addition to presenting the learning data at the 
input of the algorithm, the desired outputs are presented, then learning is said to 
be supervised. In the context of supervised learning, if the desired output takes 
its value in a set of finite cardinals then the task performed is a classification. 
Otherwise, we talk about regression. Furthermore, if the training data is submit-
ted to the algorithm only without the desired outputs, then the learning is said to 
be unsupervised. In this case, the task of the algorithm is either to find interest-
ing relationships between the data, or to partition them (clustering) according to 
the predefined similarity criteria. In some cases, unsupervised learning aims to 
reduce the dimension of observations [7]. 

Deep learning is a new form of machine learning that uses neural networks. 
Flow graphs 4 are used to represent neural networks. The adjective “deep”, 
which comes to qualify learning or neural networks, originates from a property 
of flow graphs: depth [8]. The idea of deep neural networks has evolved very 
quickly over time. Twenty years ago, a network of more than two hidden layers 
was considered deep. This idea of the depth of networks is over. Today, the 
number of deep neural network layers is in the hundreds. Another characteristic 
of deep neural networks is the type of layers that make it up. New layers such as 
convolutional layers are specific to deep neural networks [9] [10]. In the past 
decade, deep learning has been the subject of particular interest in the field of ar-
tificial intelligence [11]. Several large companies have engaged in the production 
of deep learning technologies, including Google, Facebook, Microsoft and Ya-
hoo. 

6. Network Evaluation 

Validation is a phase which evaluates the learning model. There are two levels of 
validation: one at the model selection level, and the other at the model parameter 
selection level. Indeed, several models are produced and trained. The validation 
phase therefore consists in selecting the model that best reflects reality first and 
then adjusting the parameters again. This is done using tests. It is usual to pro-
vide a database devoted to tests so as not to bias the results. To this end, several 
specialists suggest separating the data collected into two or three groups (bases): 
a training base, a validation base and possibly a test base [12]. 

This is a study conducted on 10,000 cocoa plants, we obtain the following 
confusion matrix: 
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 Healthy cocoa Infected cocoa Total 

Symptom detected 800 4902 5702 

No symptoms 4200 98 4298 

Total 5000 5000 10,000 

 
Call the class corresponding to a healthy cocoa tree “positive” and the other 

class “negative”. If we detect the symptoms of the Swollen shoot when there is 
one, we make a “positive” prediction which is correct, it is a true positive. If, on 
the other hand, this prediction is incorrect, it is a false positive. And so on. Also 
sometimes called “type I error” false positives, and “type II error” false negatives. 

We thus define “recall”, or “sensitivity”, is the rate of true positives, that is to 
say the proportion of positives that we have correctly identified. This is the abil-
ity of our model to detect all cocoa plants in good condition: 

TPrecall
TP FN

=
+

                          (4) 

We will also be interested in “precision”, that is to say the proportion of cor-
rect predictions among the points that we predicted positive. It’s our model’s 
ability to only trigger an alarm for a real fire. 

TPprecision
TP FP

=
+

                         (5) 

To finish this long list, we are also often interested in “specificity”, which is 
the rate of true negatives, in other words the ability to detect all situations where 
there are symptoms of Swollen shoot detected. It is a complementary measure of 
sensitivity. 

TNspecificity
FP TN

=
+

                        (6) 

• Recall = 84% 
• Specificity = 98% 
• Precision = 74% 

7. Conclusion 

To effectively contribute to the fight against the Swollen shoot epidemic, we have 
set up a symptom recognition system, based on convolutional neural networks. 
Our results show that a large network of deep convolutional neurons is capable 
of obtaining record results on a data set using supervised learning. Indeed, the 
probability of the system to predict that the cocoa plant is healthy when this is 
true in reality is 4200/5000 or 84%, which makes this test a good detection tool. 
It should be noted that the performance of our network degrades if a single 
convolutional layer is removed. So depth is really important to achieve our re-
sults. Our results can be improved if we expand and train our network longer. 
Ultimately, we would like to use very large and deep convolutional networks on 
video footage where the time structure provides very useful information that is 
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missing or much less evident in static images. 
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Annexes 

The training of a neural network consists in determining and empirically calcu-
lating the value of each of its parameters. The principle is as follows: the network 
processes an image and at the output it makes a prediction, that is to say that it 
tells which class it thinks this image belongs to. Knowing that we already know 
the class of each training image, we can check if this result is correct. Depending 
on the veracity of this result, we update all the network parameters, according to 
an algorithm called backpropagation of the error gradient. The aim of the gra-
dient algorithm is to converge iteratively towards an optimal configuration of 
the synaptic weights (parameters). This state can be a local minimum of the 
function to be optimized and ideally a global minimum of this function, called 
the cost function. The weights in the neural network are first initialized with 
random values. We then consider a set of data that will be used for learning. 
Each sample has its target values which are those which the neural network must 
ultimately predict when presented with the same sample. The “Stochastic gra-
dient descent” algorithm provides our trained neural network. It uses the 
“Backpropagation” algorithm to calculate the stochastic gradient. The two algo-
rithms are presented below. 
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Abstract 
Primary objective of automobile seats is to offer adequate level of safety and 
comfort to the seated human occupant, primarily against vibration. Ideally, 
any sort of automotive seat is constructed by mechanical framework, cushion, 
backrest and headrest. The frame structures are made of metallic alloys, while 
the cushion, backrest and headrest are made of polyurethane foam material. 
During the design phase of automotive seat, the greatest challenge is to assign 
realistic material properties to foam material; as it is non-linear in nature and 
exhibit hysteresis at low level stress. In this research paper, a car seat has been 
modelled in finite element environment by implementing both hyperelastic 
and viscoelastic material properties to polyurethane foam. The car seat has 
been excited with the loads due to car acceleration and human object and the 
effects of vibration in terms of vertical acceleration at different locations have 
been measured. The aims of this simulation study are to establish a car seat 
with the foam material properties as accurately as possible and provide a fi-
nite element set up of car seat to monitor the vertical acceleration responses 
in a reasonable way. The RMS acceleration values for headrest, backrest and 
cushion have been found to be 0.91 mm/sec2, 0.54 mm/sec2 and 0.47 mm/sec2, 
respectively, which showed that the car seat foam can effectively be modelled 
through combined hyperelastic and viscoelastic material formulations. The 
simulation outputs have been validated through real life testing data, which 
clearly indicates that this computerized simulation technique is capable of an-
ticipating the acceleration responses at different car seat segments in a justi-
fied way. 
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1. Introduction 

The car seat foam can be made of nylon, alcantara, vinyl, faux leather or po-
lyester material, though the most common industrially used material for car seat 
foam is polyurethane. Over the last many years, numerous research studies had 
been carried out on car seat based on the shape, orientation, material to optimize 
the human safety and comfort standard, though seat material properties were 
always accounted as the mandatory factor regardless of the field of research. 

Mechanical behaviour of polyurethane material is highly complex in nature. 
For a small quantity of strain effect, it continues to behave like elastic material, 
though further increment in strain amount causes gradual increment of stress 
generated inside it. At the end of compression stage, it exhibits sharp rise in 
stress level. Non-linearity with hysteresis and strain rate dependent energy dis-
sipative nature of polyurethane foam material were shown in the finite element 
analysis of car seat [1] and load deflection measurement of foam material [2]. 
Simulation using LS DYNA for obtaining the force-deflection curve for the seat 
cushion had been performed [3] to show the static and dynamic characteristics 
of the cushion foam material. The seat base plate, the seat cushion and a circular 
disc had been taken into account to carry out the entire analysis and later the 
results were compared to experimental data. The seat cushion material proper-
ties had been simplified by assigning only density and Young’s modulus. The in-
fluence of the seat foam material properties had been shown during the assess-
ment of sitting comfort of the automobile seats [4] for contact interference and 
acceleration transmission between human body and seat. Various physical pa-
rameters including seat material properties had been explored [5] during the 
pressure distribution study between seat and sitting object. Driver’s seat comfort 
was virtually simulated in finite element [6] to observe the pressure distribution 
inside seat with respect to inclination of the seat. Simplified seat model had been 
constructed, made of backrest and cushion with assigned density, Poisson’s ratio 
and Young’s modulus. Human health and safety had been investigated during 
the course of collision [7] and found that seat material would be responsible for 
the amount of movement of human occupant in the side and rear directions. 
Experimental and finite element studies had been conducted on polyurethane 
foam [8] to show the compression characteristics under the effect of random vi-
bration. Researchers established a series of feasible models for foam material in-
cluding hyperelastic or hyper-foam constitutive model. Co-relations between the 
stress, strain and volume of the foam material had been formulated while study-
ing foam properties in depth [9]. Many research works in the past attempted to 
establish the properties of the polyurethane foam by relating the stress-strain 
behaviour as function of strain rate. Finite element investigation on car seat [1] 
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stated that the stress-strain curve for foam material was directly related to strain 
rate, while study on foam material under the effect of dynamic impact load [10] 
graphically represented the stress-strain curve with respect to various uniaxial 
compressions with variable strain rates. Seat for heavy vehicle had been numeri-
cally simulated using lumped network system modelling [11] to monitor the 
riding comfort. The seat foam material had been modelled using both the hyper-
elastic and viscoelastic material parameters to take into account the strain rate 
dependency and strain energy dissipation. Vibration transmission from seat leg 
to passenger body had been observed [12] and vibration damping in passenger 
seat had been assessed. Open-porous aluminum foam material had been consi-
dered and modal damping state followed by frequency response function and 
acceleration graph had been received. Seat cushion simulation under the effects 
of uniaxial compression and indentation forces [13] found that modelling the 
foam material with hyper-foam formulation was capable of anticipating the 
stress-strain curve in an accurate way. Finite element modelling of the human 
soft tissue and seat foam [14] used the hypothetical concept of strain energy ab-
sorption capacity along with hyperelastic material properties as described in the 
Ogden model equation. The same study extended the research work further by 
incorporating viscoelastic material properties to the seat cushion using Prony 
series formulation. 

Exploring the past research works on the automotive seat foam material, it is 
undoubtedly clear that the polyurethane material can be modelled using the 
formulations of stress-strain behaviour, hyper-elastic foam properties or combi-
nation of hyper-elastic and visco-elastic parameters, though the selection of the 
formulation in analysis study exclusively depends on the nature of the investiga-
tion. Majority of the past research works considered only the hyper-elastic 
properties for foam materials studies, visco-elastic properties for the assessment 
of foam material under shear loading or stress-strain curve for monitoring the 
cushion behaviour. Moreover, those researches considered only certain portion 
of entire automotive seat or very specific interaction between seat and human 
body. Very few studies had been found to have considerations for combination 
of different formulations to model the entire seat, however those studies were 
conducted using multi-degree of freedom system, lumped mass parameters me-
thod or some non-finite element tool. None of the previous case studies had 
shown the simulation modelling of whole car seat in finite element environment 
implementing the combined material formulations. Hence, there is a research 
gap in developing the finite element simulation of entire car seat using polyure-
thane foam with combined material formulations and therefore, demand arises 
for a comprehensive simulation based solution to judge the vibration level at any 
point of entire car seat. Various combinations are possible by taking into ac-
count the potential formulations, though careful judgment is necessary to choose 
the appropriate mathematical model for running flawless computerized simula-
tion. This research paper aims to fill up the gap in existing literatures by outlin-
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ing a distinct finite element based simulation set up for entire car seat with the 
most suitable combination of mathematical formulations for seat foam materi-
al. 

During this research study, a non-robust car seat has been constructed. The 
dimensions of the seat are based on the recommended optimized seat parame-
ters and industrial guidelines. During this span of simulation work, combination 
of hyperelastic and viscoelastic material properties have been taken into account. 
A comprehensive simulation technique including all the necessary input para-
meters has been described to establish a simulation model of the entire car seat 
to assess the vertical vibrations in terms of accelerations at headrest, backrest 
and cushion. 

2. Methodology 
2.1. Dimensions of Car Seat 

Many research works had been conducted in the past to explore the ideal car seat 
dimensions to optimize comfort parameters for humans. Fit parameter analysis 
[15] advised that the least width of cushion to be 432 mm for a 95th percentile 
female occupant, though increment in the dimension would be beneficial taking 
into account the clothing. Similar sort of study [16] suggested the minimum 
width of cushion to be in the range of 480 mm to 500 mm. Based on the anthro-
pometric dimensions, recommended length of seat had also been recorded in 
different case studies as 432 mm [17], 440 mm to 550 mm [16] and 330 mm to 
470 mm [18]. The backrest width and height had been advised to be at least 360 
mm and 550 mm above the H-point, respectively, during the survey of automo-
tive seat design [19]. Database of “Ricaro”, an industrial innovator in the sector 
of automobile seat designing, shows how the seat design had been changed over 
in the last 40 years. 

Consulting with all the recommendations to optimize the seat parameters and 
assuming a 50th percentile male human body to occupy the seat, a CAD model 
has been established and the major overall dimensions are shown in Figure 1. 
 

 
Figure 1. Overall major dimensions of car seat. 
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2.2. Hyperelastic and Viscoelastic Material Modelling for  
Seat Foam 

Hyperelastic properties are suitable for defining the behaviour of foam material, 
while the viscoelastic properties are used to judge the effect of shear loading in-
side the deformable bodies. In this research work, both the hyperelastic and vis-
coelastic properties have been assigned to the car seat foam cushion to achieve 
the result as realistic as possible. To find out the best hypothetical formulation to 
be used, past relevant literatures have been consulted.  

In conjunction with international standard ASTM D 3574-01 for testing pro-
cedure for flexible foam materials, a relationship between the stress and stress 
was evaluated [14] by applying second order strain-energy potential function 
under shear and compression loadings. The hyper-elastic material model was 
described using the Ogden model formulation [14] as shown in Equation (1). 

[ ] ( )( )1 2 32
1

12 3 1i ii i i
N

eli

i i i

U J
α βα α αµ λ λ λ

α β
−

=

 
= + + − + − 

 
∑              (1) 

N = Defining parameter for the approximation of the model. 

jλ  = Principal strength j. 
elJ  = Elastic volumetric ratio. 
, ,i i iα β µ  = Material dependent parameters. 

The outcomes of the testing were exported into finite element set up and Ogden 
hyperelastic coefficients had been estimated by implementing numerical curve fit-
ting technique. The hyperelastic coefficients were obtained as 1 164.861 kPaµ = , 

1 8.88413α = , 1 0β = , 2 0.023017 kPaµ = , 2 4.81798α = , 2 0β = . The same 
investigation further explored the viscoelastic properties of foam and the viscoelastic 
coefficient values were obtained as 1 0.3003G = , 1 0.010014 sτ = , 2 0.1997G = , 

2 0.10020 sτ = . Very similar material models were proposed during the perfor-
mance assessments of slightly compressible hyper-elastic foams [20] and highly 
compressible hyper-elastic foams [21]. Polynomials and stresses of three kinds of 
polyurethane foams had been listed [22] to formulate the hyperelastic and vis-
coelastic material models and later, a series of Ogden coefficients had been tabu-
lated. Finite element analysis of hyperelastic materials also presented [23] a set of 
Ogden parameters for different scenarios with optimized parameters in numeri-
cal and finite element. Polyurethane foam had been modelled using hy-
per-elastic, visco-elastic, polynomial and stress formulations [24] and a set of 
data on hyperelastic and viscoelastic coefficients had been reported. Ogden pa-
rameter values had been optimized and tabulated as 1   4.81 kPaµ = , 1 19.8α = , 

1 0.01450β = , 2 3.60 kPaµ = , 2 19.8α = , 2 0.0065β =  for hyper-elastic mate-
rials during the numerical and finite element study [23] of foam material for 
different case scenarios. 

Based on the data gathered from the past works done on the relevant field, 
hyperelastic Ogden coefficients (N = 2) have been implemented to the seat foam. 
Viscoelastic parameters have been allocated based on the time dependent func-
tion of instantaneous shear modulus. The coefficient values used during this re-
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search task, are outlined in Table 1 and Table 2. 

2.3. Density and Poisson’s Ratio 

Density of polyurethane foam had been inspected by National Bureau of Stan-
dards, USA [25] at low temperatures 295 K, 111 K, 76 K and 4 K and reported as 
64 kg/m3. Car seat cushion modelling using polyurethane foam [1] considered 
the density value as 67 kg/m3, while assessment of polyurethane foam material 
with respect to different types and cell sizes [26] reported the densities 
in-between 57 kg/m3 to 68 kg/m3. While finding the Poisson’s ratio for seat cu-
shion foam materials [27], the density had been in the range of 32 kg/m3 and 64 
kg/m3. Based on the past works carried out on the density values of the foam 
material, density value of the polyurethane foam for this current analysis task 
has been taken as 64 kg/m3. 

Latest trend in automotive seat foam design is to develop seat material which 
will bulge to inward direction and display negative Poisson’s ratio. One of the 
cutting edge technique developed on car seat cushion [27] found the Poisson’s 
ratio of −0.13 for polymers with density of 18 kg/m3 and compression ratio of 
2.2, while with density of 25 kg/m3 and compression ratio of 3.4, the obtained 
Poisson’s ratio was −0.26. The seat foam material usually under the effects of 
compression without any sidewise constraints, hence, there is no co-relation 
between the lateral and longitudinal strains. Taking into account this fact, com-
putational analysis of car seat and human body [14], finite element modelling of 
the car seat [1] and the process of designing the car seat [13] ignored the Pois-
son’s ratio by assuming its value to be zero. Considering the real fact as de-
scribed in the revenant investigations, in this simulation project the value of 
Poisson’s ratio has been ignored. 
 
Table 1. Hyperelastic parameters used. 

Hyperelastic parameter Value 

µ1 0.00481 MPa 

α1 19.8 

β1 0.01450 

µ2 0.00360 MPa 

α2 19.8 

β2 0.00650 

 
Table 2. Viscoelastic parameters used. 

Viscoelastic parameter Value 

G1 0.3003 

τ1 0.010014 s 

G2 0.1997 

τ2 0.10020 s 
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2.4. Simulation Set Up-Loading, Step, Boundary Condition and  
Meshing 

Loading condition in this simulation work has been applied considering a 
non-racer type accelerating car achieving a speed of 30 miles/hour from 
standstill condition. The road terrain has been assumed to be smooth, hence, the 
load primarily has been accounted due to initial accelerating period. Databases 
of Jaguar XK coupe [28] showed the measured acceleration value as 4.5 m/sec2. 
Initial acceleration for the non-racer type of car at 60 km/hour and 40 km/hour 
[29] reported the acceleration values as 1.083 m/sec2 and 0.861 m/sec2, respec-
tively. Average and peak accelerations for a normal passenger vehicle operating 
in rural area had been formulated [30] through Equation (2) and Equation (3). 

ebv
ava a=                             (2) 

maxa c dv= +                            (3) 

ava  = Average acceleration in m/sec2 

maxa  = Maximum acceleration in m/sec2 
v = Vehicle speed in m/sec 

, , ,a b c d  = Constants 
The car seat in this project work has been assumed to cope with a 50th per-

centile human male body of 77.3 kg mass. Considering the closest possible 
matching criteria for vehicle operating scenario, the force exerted on the seat due 
to acceleration has been calculated using the acceleration value of 0.861 m/sec2. 
Contact interfaces between the seat and humans have been estimated and vertic-
al load due to human object and horizontal load due to acceleration have been 
implemented on the estimated interaction areas, in vertical and horizontal direc-
tions, respectively.  

The entire simulation set up has been carried out in ABAQUS CAE 6.13. The 
base condition of the seat has been assigned in “Initial” step, while the loading 
conditions have been implanted in “Static General” step. 

The boundary conditions have been simplified based on the aspects of this 
project work and implemented as realistic as possible. Underneath the seat cu-
shion has been made fixed, while the backsides of backrest and headrest are not 
permitted to move from initial state. Angular fore-aft movements of the backrest 
and headrest about the respective bottom connecting points are allowed.  

The common elements used for deformable bodies in finite element are qua-
drahedral and hexahedral. During this simulation set up, the seat structure has 
been meshed with ten-node tetrahedral element—C3D10. Figure 2 is visually 
representing the anticipated contact surfaces, loading, boundary conditions and 
meshing. 

3. Results 

A 64 bit standard computer with Windows XP operating system, RAM of 6 GB 
and two dual-core 2.1 GHz Intel(R) Pentium(R) CPU B950 had been utilized to  
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Figure 2. Estimated interfaces, directions of loads, boundary conditions and meshing. 

 
carry out the simulation work. Because of the limitation in computer memory, 
the simulation running time had been set to 10 seconds. It took around 7 wall 
clock hours for ABAQUS solver to yield the results. The overall results obtained 
for acceleration responses, are visually represented in Figure 3. 

From the ABAQUS post processor, the vertical accelerations at seat headrest, 
backrest and cushion had been extracted and shown in Figures 4-6. 

The average and RMS acceleration magnitudes of car seat portions have been 
calculated and shown in Table 3. 

4. Validation and Discussion 

The vertical accelerations received from this analysis have been validated by 
comparing to real life test data gathered from identical operating condition to 
this simulation set up. An economic hatchback car with a male driver of 78 kg 
sitting on the driver seat had been accelerated from static condition to pick up 
the speed of 30 - 35 miles/hour and sensors had been mounted on the outer sur-
faces of headrest, backrest and cushion. There was no sign of irregularities on 
the road terrain and testing data were logged for 60 seconds. Vibration measur-
ing unit NI 9234 USB module with Compact DAQ chassis and transducer Dy-
tran 3055 were employed to read the acceleration vs time plots. 

Transducer was mounted approximately at the central location of designated 
surface with the help of adhesive tapes and the cable from the transducer was 
linked to the vibration measuring module NI 9234. A standard laptop installed 
with signal processing tool “m + p Analyzer” was connected to other side of NI 
9234. The test set up is shown in Figure 7. 

The testing data were received in .SOT format and through the “m + p Ana-
lyzer”, the graphs for acceleration with respect to time had been generated as  
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Figure 3. Overall vertical acceleration. 

 

 
Figure 4. Vertical acceleration at headrest. 
 

 
Figure 5. Vertical acceleration at backrest. 
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Figure 6. Vertical acceleration at cushion. 
 

 
Figure 7. Test set up (a) Laptop with the signal processing tool 
“m + p Analyzer”; (b) NI 9234 module; (c) Dytran 3055 sensor 
mounted on headrest; (d) Dytran 3055 sensor mounted on back-
rest; (e) Dytran 3055 sensor mounted on cushion. 

 
Table 3. Average and RMS accelerations of car seat segments from simulation. 

Seat segment Average acceleration (mm/sec2) RMS acceleration (mm/sec2) 

Headrest 0.32 0.91 

Backrest 0.45 0.54 

Cushion 0.46 0.47 

 
shown in Figure 8. 

The raw testing data had collected for time period of initial 60 seconds had 
been curtailed to initial 10 seconds to match the simulation duration and filtered 
in .XLS format to get clear pictures of the testing data. The average and RMS ac-
celeration magnitudes obtained from test data have been extracted from the 
graphs and shown in Table 4. 

https://doi.org/10.4236/eng.2020.123015


P. Mondal, S. Arunachalam 
 

 
DOI: 10.4236/eng.2020.123015 187 Engineering 
 

 
(a) 

 
(b) 

 
(c) 

Figure 8. Testing data of vertical acceleration vs time at (a) headrest, (b) backrest, (c) cushion. 
 
Table 4. Average and RMS accelerations of car seat segments from test data. 

Seat segment Average acceleration (mm/sec2) RMS acceleration (mm/sec2) 

Headrest 0.02 0.17 

Backrest −0.03 0.16 

Cushion 0.04 0.22 

 
Later both the simulation results and testing data were merged into single 

graphical plot areas for comparison purpose and represented in Figures 9-11. 
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Figure 9. Vertical accelerations of headrest from simulation and 
testing. 

 

 
Figure 10. Vertical accelerations of backrest from simulation and 
testing. 

 

 
Figure 11. Vertical accelerations of cushion from simulation and 
testing. 

 
Figure 9 is showing the accelerations of the seat cushion, where both the up-

per and lower peaks of testing data are well below the respective peaks of simula-
tion results. Figure 10 and Figure 11 are showing the accelerations of headrest 
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and backrest, respectively, where upper limits of simulation results are exceeding 
the respective limits of testing data and lower limits of simulation results are well 
below those of testing data. If the absolute accelerations are considered irrespec-
tive of the positive and negative magnitudes of the acceleration values, almost all 
the simulation results are higher than the testing data, hence, the outputs re-
ceived from computerized simulation are more conservative in nature.  

Deformation mechanism of polyurethane foam structure is a very complex 
phenomenon where numerous factors are associated and each one of these fac-
tors is capable of manipulating the behaviour of foam structure on its own. Type 
of seat, configuration of seating arrangement, car class, road terrain, time span 
of acceleration, foam material properties etc. all can be defining parameters for 
maneuvering the final output from simulation and testing. This fact confirms 
that the deviations between the simulation results and testing data are inevitable. 
Moreover, the testing data had been gathered from a car being driven by a real 
human, while this piece of simulation work considered the loadings coming 
from virtual human object. 

The variations similar to this project task, had been observed in many past re-
search works for automobile and seat related investigations. Vibration transmis-
sions and accelerations were found to be varied with respect to different sitting 
postures [31] [32] [33] while studies on vibration transmission [34] [35] showed 
a small alteration in the posture could greatly amend the transfer function and 
frequency response of the car seated arrangement. Same human body had been 
used for a number of times in identical test set up [36] and each time the vibra-
tion related outputs were different.  

The vertical acceleration in the simulation can further be lowered by applying 
potential remedies as outlined in past relevant literatures on vibration transmis-
sion [34] [35] [36] [37]. The vertical acceleration values received from the finite 
element simulation of this project work are of higher magnitudes than the test 
data, hence, this simulation set up is useful to optimize the health, comfort and 
safety levels in worst case scenario. The simulation using both the hyperelastic 
and viscoelastic materials is able to provide the flawless desired output. 

5. Conclusions and Scopes of Further Development 

In this research paper, a finite element simulation methodology has been offered 
to anticipate the final level of vibration by monitoring vertical accelerations at 
different locations of car seat. From the results of this analysis, the following 
conclusions can be drawn: 

1) This finite element simulation method can be implemented efficiently to 
the car seat structure to predict the final levels of acceleration responses at dif-
ferent segments. In this simulation set up of car seat, load conditions due to ac-
celeration and human mass along with hyperelastic and viscoelastic material 
properties have been incorporated. In contrast, in the real life measurement 
process numerous operating parameters are associated and gathered experimen-
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tal data are hugely dependent on the instrument used and its signal processing 
systems. The basic philosophy behind the vibration measurement system is 
based on the signal transfer function defined by Laplace domain, where a small 
alteration in any of the input parameters can tune the final level of vibration to a 
great extent. So, the mismatches between the test data and simulation output are 
evident. As the simulation results are more conservative in nature, it can be 
stated that this simulation technique on car seat using hyperelastic and viscoe-
lastic materials is successful to anticipate the vertical vibrational effect on car 
seat by means of monitoring acceleration, regardless of the reasonable amount of 
mismatches between the simulation outputs and testing data. 

2) Car seat polyurethane foam can be formulated in computerized simulation 
by the combination of hyperelastic and viscoelastic materials to run an effective 
analysis. Assignment of Ogden coefficients for hyperelastic materials and time 
dependent shear modulus coefficients for viscoelastic materials can lead the si-
mulation to yield necessary outputs. 

3) This simulation process is able to predict the acceleration responses inside 
car seat portions in a sensible way. More advanced research works on the foam 
material properties are necessary to lower the peak values of accelerations. Nu-
merous combinations of different parameters can be chosen to conduct the si-
mulation and the accurateness of the output will be enhanced with the incre-
ment in the number of allocated input parameters. 

Enormous potential for further improvement is there to take this emerging 
simulation methodology to advanced stage. Firstly, a longer finite element simu-
lation running time will inevitably help to obtain enhanced acceleration and 
frequency plots. Cause of the limitation in computer capability, simulation run-
ning time was restricted to 10 seconds during this course of analysis work. 
Highly configured computer hardware will definitely be beneficial to perform 
analysis faster and for a longer period of time. Observation on the frequency re-
sponse plots from this simulation work found that the frequency values are 
gradually getting stabilized and lowered over the time, hence, longer simulation 
operating time will eventually display lower ranges of frequencies for the driver 
human and car seat portions. In case of association of road terrain, non-racer 
type of automotive and accidental case scenario, it is highly recommended to 
run the simulation at least for 60 seconds. Secondly, stiffness data can be calcu-
lated in a more precise way by subdividing the human segments into smaller 
portions and viscoelastic coefficients for the time dependent shear modulus 
function can be introduced along with hyper-elastic material. The frequency re-
sponse curves received from this simulation are getting steady over time, thus 
showing the effect of stiffness, damping and hyperelastic material parameters as 
anticipated. More convincing frequency curves with lower magnitudes can be 
achieved through improved stiffness data and associated viscoelastic material 
properties. Thirdly, in the present analysis scenario, only the vertical vibration 
has been assessed at different segments of the car-driver assembly. For the com-
pleteness in understanding of the vibration related effects, it will be beneficial to 
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take account of the fore-aft vibration by means of acceleration and displacement 
along the direction of vehicle movement. Comprehensive solution based on cost 
effective simulation process for predicting accelerations and frequencies at dif-
ferent points of human-car system can omit the necessity of time consuming real 
life vibration testing procedure.  

Based on all the discussions on simulation results and validation, it can be 
concluded that this unique biodynamic simulation methodology in finite ele-
ment environment is presenting realistic output data regardless of the fact that 
the magnitudes of the peak responses are out of the permissible criteria.  

Therefore, this simulation technique presented in this research paper is fol-
lowing the right path and recommended fine-tunings on different parameters 
can successfully lead this technology to anticipate accurate acceleration and fre-
quency responses of full car seat and human system. 
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Abstract 
Predicting tourism traffic demand accurately plays an important role in 
making effective policies for tourist administration. It helps to distribute the 
resources reasonably and avoid the tourism congestions. This paper consi-
dered the noise interference and proposed a hybrid model, combining en-
semble empirical mode decomposition (EEMD), deep belief network (DBN) 
and Google trends, for tourism traffic demand prediction. This model firstly 
applied dislocation weighted synthesis method to combine Google trends into 
a search composite index, and then it denoised the series with EEMD. EEMD 
extracted the high frequency noise from the original series. The low frequency 
series of search composite index would be used to forecast the low frequency 
tourism traffic series. Taking the inbound tourism in Shanghai as an example, 
this paper trained the model and predicted the next 12 months tourism arrivals. 
The conclusion demonstrated that the forecast error of EEMD-DBN model is 
lower remarkably than the baselines of ARIMA, GM(1,1), FTS, SVM, CES and 
DBN model. This revealed that nosing processing is necessary and EEMD-DBN 
forecast model can improve the prediction accuracy. 
 

Keywords 
Tourism Traffic Demand Forecasting, Deep Learning, Google Trends,  
Composite Search Index, Ensemble Empirical Mode Decomposition 
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1. Introduction 

According to data released by China Tourism Research Institute, the growth rate 
of inbound tourist volumes in China is relatively slow. That is to say, for a long 
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time in the past, the development of China’s inbound tourism has been basically 
stagnant, which is inconsistent with the hot situation of the domestic tourism 
market and outbound tourism. The tourism demand forecast can provide timely 
basis for relevant departments to formulate effective tourism policies [1]. Mod-
ern information technology has brought great convenience to people’s life, work 
and study. People usually turn to search engines when making travel strategies, 
and people’s travel plans often use keyword search information as a reference 
[2]. 

In recent years, the research results of using the network search data to estab-
lish the tourism demand forecasting model are quite fruitful. The traditional 
econometric model and the machine learning method will be limited by histori-
cal data when forecasting the tourism demand, compared with the network 
search data. Search has instantaneity and subjectivity and more accurately the 
needs of tourists can be reflected. In fact, as early as 2009, the predictive power 
of web search data has been confirmed, for example, the application of Google 
Trends in all walks of life is considered effective [3]. 

Tourism is a related industry and has been greatly affected by emergencies; it 
has been difficult to solve the impact of emergencies on the tourism industry. 
The forecasting model cannot be adjusted in real time according to the changes 
in tourism dynamics, for example, the congestion of tourists at the entrance of 
Jiu Zhaigou Scenic Spot in Sichuan, China, on October 2, 2013 and Shanghai 
Bund stampede, on December 31, 2014 etc. These incidents have led that the 
number of tourists in local tourist attractions is difficult to dredge, and the qual-
ity of service of scenic spots has declined. It has become a hot spot of concern to 
all sectors of society. These problems indicate that the spatial allocation of tour-
ism resources is crucial to the healthy development of tourism [1]. It is possible 
to balance tourism volumes of different tourist attractions due to the instant and 
efficient tourism demand forecasting model. In this way, the tourism industry 
will be more orderly and standardized, creating a pleasant atmosphere for Chi-
na’s inbound tourism. 

In the field of tourism demand forecasting, research methods will vary de-
pending on the conditions and objects of the forecast. Inbound tourists are more 
purposeful. Due to long distance of travel and the relatively long stay time com-
pared to domestic tourism, the possibility of planning ahead is even greater. It is 
more prevalent to rely on online search to develop a travel schedule. However, 
the prediction model established by simply using the search data is not robust, 
and the combination of artificial intelligence and search data can greatly im-
prove the accuracy of prediction [4] [5]. This paper uses EEMD to decompose 
the historical tourist volumes sequence of Shanghai inbound tourism and 
Google keyword search data respectively to eliminate the adverse effects of noise 
interference on the prediction results. Finally, the DBN with better convergence 
effect is used to predict the tourist volumes with the synthetic search index, 
which ensures the real-time validity of the prediction model. 

https://doi.org/10.4236/eng.2020.123016


Y. Xiao et al. 
 

 

DOI: 10.4236/eng.2020.123016 196 Engineering 
 

2. Literature Review 
2.1. Tourism Demand Forecast 

In the forecast of tourism demand, there have been very rich research results in 
the past ten years [6]. Whether different methods or combinations have better 
predictive effects have always been the main direction of scholars’ exploration 
[7]. The methods currently used in this field can be roughly divided into tradi-
tional time series models, artificial intelligence prediction methods [8] [9] and 
hybrid methods [10]. Among the studies of time series models, the most used 
ones are ARIMA models [11] [12], exponential smoothing models [13], and li-
near regression [14] and so on. Among them, ARMA has diverse prediction 
performance under different conditions, that is, it can be adjusted according to 
different research conditions to achieve better prediction results. ARMA has 
more possibilities [15]. The exponential smoothing model has also gradually 
evolved from primary exponential smoothing to quadratic exponential smooth-
ing to cubic exponential smoothing to obtain more accurate predictions. In the 
study of tourism demand forecasting in several major source countries in Aus-
tralia, we can see a comparison of several exponential smoothing models [12]. In 
fact, it can be observed in the research of many scholars that no one method has 
an absolute advantage. In general, we think that the combined model is more 
accurate than the single model [4] [5]. 

The application of artificial intelligence methods in tourism demand forecast-
ing has begun to rise in the past 30 years. A back propagation neural network 
model can be applied to tourism demand forecasting [16]. As one of the interna-
tional tourist cities, there have many methods for the prediction of Hong Kong’s 
demand for inbound and outbound tourism, such as rough set theory [17]. Grey 
models are also widely used in tourism demand forecasting, including research 
on air passenger traffic [18] [19]. Genetic algorithms [20] have been developed 
from artificial neural networks [21]. The two major source countries of the Ba-
learic Islands, the UK and Germany, have corresponding visitors every month, 
and some scholars have used genetic algorithms to conduct special research on 
this, which shows that genetic algorithms are also feasible in tourism demand 
forecasting [22]. Support vector machines can better solve practical problems 
such as small samples, nonlinear, high-dimensional numbers and local mini-
mum points, adding network search data will greatly improve the accuracy of 
the prediction model, which predicts the passenger flow of Barbados Island, and 
there is a good embodiment [23]. 

2.2. Network Search Forecast 

Since the network search data are used to successfully predict the epidemic [24], 
it has begun to use the search data to predict the phenomenon in many fields 
such as economics and social sciences. For example, scholars used Google search 
data to predict unemployment, housing prices, stocks [25] [26] [27], etc. Web 
search data has indeed contributed its valuable role in research in various fields, 
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especially in today’s rapid development of information technology, when people 
are increasingly relying on online query tools we also hope to use Google search 
data to further study future consumer behavior [28]. 

The application of network search data is more and more extensive, providing 
a good enlightenment for the research of the tourism industry [28] [29]. How-
ever, due to the different language and cultural background of each region or 
country, the search intensity of multi-language source market sets and different 
leading search engine platforms will also affect the results of tourism demand 
forecasting [30]. A nonlinear auto-regressive method is combined with key-
word search data to predict Malaysia’s passenger volumes shows good predic-
tive performance [28]. Since then, Google search data has also been used in the 
tourism demand forecasting study in the Caribbean region [31]. It indicates 
the effectiveness of web search data applications in forecasting tourism de-
mand. 

In China, there are numerous users of Baidu search engines [32]. Most of the 
scholars’ research is dependent upon the Baidu search index. However, in the 
world, Google search engine dominates. This article takes Shanghai’s inbound 
tourism demand forecast as an example, targeting the world’s tourist groups, so 
it uses the data of the Google search engine. 

3. Methodology Formulation 
3.1. Principle of EEMD (Ensemble Empirical Mode  

Decomposition) 

EEMD is an improved algorithm of EMD (Experimental Mode Decomposition) 
[33], which effectively solves the problem that EMD relies on local number of 
extreme data information. EMD is generally used for the decomposition of the 
original sequence from the data itself, because EMD is decomposed according to 
its own characteristics, and no other prior conditions are needed, so it is more 
used in noise processing and prediction. However, when the signal is not stable 
or contains anomalous events, EMD cannot show its superiority [34]. When the 
signal is disturbed by an abnormal event (such as pulse interference); mode 
mixing phenomenon occurs. In order to compensate for the shortcomings of 
EMD in modal decomposition, EEMD can be effectively solved to solve the 
model aliasing phenomenon. EEMD can make the decomposition scale more 
uniform, suppress the influence of abnormal events on the signal, and make the 
prediction more accurate. 

The basic methods of EEMD are as follows: 
Step 1: Calculate the sequence (set to P(t)) local number of extreme data point 

using EMD, the maximal value constitutes the upper envelope m(t), and the 
minimum value constitutes the envelope n(t), and the mean z(t) of the upper and 
lower envelopes at any point is zero. 

Step 2: Subtract the mean of the upper and lower envelopes with the sequence 
to get R(t). 
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Verify that R(t) satisfies the IMF. If not, repeat steps 1 and 2 until R(t) satisfies 
the IMF condition, and treat R(t) as an IMF separated from P(t) one by one. In the 
above process, the finite number of IMFi components and the sum of the re-
mainders u(t) and Y(t) are decomposed one by one from high frequency to low 
frequency by multiple screenings. 
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Step 3: Add random white noise to the sequence P(t), and equalize the abnor-
mal events, so that the abnormal event mode is mixed into the random white 
noise mode during the EMD decomposition process, and then normalized, and 
the random white noise is applied by applying the EMD pair. The subsequent 
signal is decomposed to obtain an IMFi component. 

Step 4: Get IMFi integration after decomposition (adding a new random nor-
mal distribution white noise sequence) 
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Step 5: Preset a threshold k. If the integrated value in the fourth step is less 
than k, it is removed as noise. If the integrated value in the fourth step is greater 
than k, the IMFi is reset, and Q is an entropy function. 

( ) ( ) [ ]
( ) ( ), ,

t ti i i it tK IMF P Q IMF Q IMF P   = −
   

             (4) 

3.2. Compositions of Google Search Keyword Variables 

The era of big data brings new opportunities for the establishment of tourism 
demand forecasting models. The dependence of users on search engines can 
provide important data for tourism demand forecasting. In this paper genera-
lized dynamic factor model (GDMF) [35], which can process high-dimensional 
data, is used to combine keyword variables. The unique advantage of GDMF is 
that variable data can be updated in real time, and known variables can be inter-
preted by common parts of unknown variables, aggregated into travel-related 
indices [36]. 

Forni (2004) proposed the idea of using VAR to represent the model of 
GDFM [37]. The traditional factor model is composed of the sum of s common 
factor kt and special factor jt. On this basis, GDFM gives common factors. Par-
tially multiplied by the load matrix of m*n, denoted as α, then the observed va-
riable can be expressed as: 

t tX k jα− +                             (5) 

The matrix transformation of kt can be expressed as:  
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1t t tk pk qδ−= +                            (6) 

where ( )1 2 3, , , ,t t t t ntδ δ δ δ δ=   is a s-dimensional common component. 
Tourism demand has many uncertainties and is able to be influenced by poli-

cies and media indices. The network search can reflect the tourists’ deci-
sion-making behavior motives, but due to the influence of some emergencies, 
the search volume of one or several keywords in a certain period will be ex-
tremely high or very low, and these data are abnormal. So we create a standard 
scale for the search data when synthesizing the keywords. When the data show a 
maximum value beyond the standard scale, the method of taking the mean value 
is used to process the abnormal data. Using EEMD to decompose tourist vo-
lumes sequence n IMF components, the same approach is applicable to the 
Google keyword search index sequence. 

3.3. DBN (Deep Belief Network) Prediction Model 

Hinton proposed the Deep belief network [38], and the initial parameters of the 
model are obtained through unsupervised training methods. Compared with the 
traditional neural network model, DBN does not need a large number of super-
vised signals, and is not easy to fall into local minimum, which can greatly im-
prove the convergence efficiency. The DBN network model is stacked by mul-
tiple restricted Boltzmann machine (RBM) layers. The DBN model with the best 
effect is obtained through repeated training on multiple layers RBM. The most 
basic RBM consists of a hidden layer and a visible layer. 

Hinton proposed the idea of training each layer of RBM separately [39], which 
is, extracting input data features in the hidden layer of the first layer RBM, using 
it to train the second layer RBM, repeating this process until DBN all RBMs 
stacked in the model are trained. It is assumed that the established DBN model 
has a total of c hidden layers and d visible layers, and the values of the ith visible 
layer and the jth hidden layer are: <υi, hj>, and the bias of the two is: ai, bj, then 
the parameter θ of the RBM is: 

( ), ,ij i ja bθ ω=                            (7) 

Then, the energy of the RBM is expressed as: 

( )
1 1 1 1

, :
c d c d

i i j j i ij j
i j i j

E h a b h a hυ θ υ ω
= = = =

= − − −∑ ∑ ∑∑               (8) 

ωij is the symmetric connection weight between the visible layer υi and the 
hidden layer hj. The probability of the binary state of the hidden layer υi being 
set to 1 and the probability of the binary state of the visible layer hj being set to 1 
are calculated [39]. In general, the algorithm of contrast divergence is used to 
represent the log likelihood gradient of RBM, and the weight and offset parame-
ters are updated by calculation, for detailed algorithm, see Hinton’s work [40]. 

In this paper, we propose an EEMD-DBN prediction model whose structure is 
shown in Figure 1. 
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Figure 1. The structure of EEMD-DBN prediction model. 

4. Experimental Study 
4.1. Data Set 
4.1.1. Tourist Volumes Data 
Shanghai is an important pillar of China’s national economic development; and 
it attracts many tourists from home and abroad to visit here with rich tourism 
resources. The regional differences in China’s inbound tourism development 
have gradually narrowed, but it is undeniable that Shanghai still has a huge im-
petus to the progress of China’s inbound tourism. According to the 2017 Na-
tional Statistical Report on National Economic and Social Development, as of 
the end of 2017, there were 99 A-level scenic spots in Shanghai, including 3 
scenic spots in 5A, 50 scenic spots in 4A, and 46 scenic spots in 3A. It has be-
come one of the cities with the most inbound tourist volumes in China. 

The data selected in this paper are the number of monthly inbound tourists 
from 2004 to 2018 in Shanghai, and divide the data into two parts: the training 
set and the predictive test set. In order to ensure the validity of the prediction 
model, 2004-2017 was selected as the sample data for the training and establish-
ment of the prediction model, and the 2018 tourist data were used as the predic-
tion set. Baidu search engine is more widely used in China, so it is more suitable 
for China’s domestic tourism demand forecast. Globally, Google’s users are 
more extensive, accounting for about 66.7% of the world’s total [29]. So this ar-
ticle uses the search data of Google search engine. Figure 2 is a time-series map 
of monthly inbound tourist traffic in Shanghai from 2004 to 2017. As can be 
seen from the figure, the time series of tourist traffic shows an overall slow up-
ward trend and cyclical fluctuations in a certain period of time. And in the third 
quarter and fourth quarter of 2010, there is a peak feature, which is inseparable 
from the occurrence of the Shanghai World Expo in the second quarter of 2010. 
The monthly data used in this paper has a total of 168 data points, which better  
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Figure 2. Tourist volumes sequence in Shanghai. 
 
reflects the long-term trend of Shanghai tourist volumes. Compared with the 
annual data, the time series of monthly data changes more significantly, which 
can provide a more detailed basis for tourism destination tourism decisions. 

4.1.2. Keyword Search Data 
Compared with short-distance travel, inbound tourists will stay at the destina-
tion for a relatively long time, so people have a tendency to use search engines to 
develop relevant travel plans in advance. This includes travel route planning, 
travel hotel ordering, and travel destination information inquiry. This series of 
behaviors is basically done by means of search engines, so this paper uses key-
word search index to continue to improve the forecasting accuracy of tourism 
demand forecasting model. A key step in the synthesis of online search index is 
the selection of search keywords. In terms of keyword selection, there is cur-
rently no mature program and theoretical system. This article uses a more 
common method of directly selecting keywords.  

Firstly, the 50 common keywords related to tourism are selected for search 
volume search. According to the Google search volume ranking, the first 16 
keywords are retained, and the Pearson correlation test is performed on these 16 
keywords, and the correlation with the tourism is the largest 5 keywords as re-
search samples as Figure 3. There is some abnormal value in the network search 
volume of the 5 keywords we finally determined. Directly eliminating the ab-
normal data will lead to the lack of research samples. Therefore, this paper per-
forms the mean processing on the abnormal data values to ensure the integrity 
of the experimental data. 

4.2. Data Analysis 

It can be seen from the time series of inbound tourist traffic in Shanghai that the 
fluctuation of passenger tourism volumes data is more obvious, and there is a 
large amount of data to be processed. The peak of the tourism volumes sequence 
is from September to October of 2010. As we all know, from May to June 2010,  
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Figure 3. Keyword search data sequence. 
 
Shanghai hosted the World Expo, which played a positive role in Shanghai’s 
tourism development to a certain extent, which led to the rapid growth of 
Shanghai’s inbound tourism volumes in a short period of time. In order to re-
duce the impact of abnormal events on the forecasting model, we performed a 
simple noise reduction process on the tourism volumes time series to eliminate 
the interference of the data peaks and valleys. As shown in Figure 4, the time se-
ries after smoothing the linear trend factor of the volume data is relatively flat. 

Determine keywords according to the eight characteristics of tourism activi-
ties, eat, live, travel, travel, purchase, entertainment, determine the basic key-
words, such as: travel to Shanghai, Shanghai attractions, Shanghai hotels, 
Shanghai flights, etc., then enter the basic keywords for Google search volume 
Inquire. When entering the basic keywords on Google, Google will intelligently 
recommend keywords related to it, and then record relevant keywords recom-
mended by Google, and sort out 50 keywords related to inbound tourism in 
Shanghai, the 16 keywords with the largest search volume are retained, and the 
Pearson correlation coefficient between the tourism volumes and the search 
keyword is calculated. From the analysis results, we can see that there is a nega-
tive correlation between some keywords and the tourism volumes, and these 
keywords are eliminated. Based on the tourist psychology motivation angle and 
the Pearson correlation coefficient calculation results, as shown in Table 1, fi-
nally, choose the keyword with Pearson correlation coefficient above 0.3 as ex-
perimental data. 

Using the standard scale we set as the limit, the abnormal data values in the 
search volume of the 5 keywords with the most relevant correlation are 
processed. When the search volume of keywords is lower or higher than the 
standard scale, many researchers will adopt the method of directly eliminating 
such abnormal data, but this will also cause excessive cleaning damage to the 
data. According to the seasonal characteristics of the tourism industry itself, this 
paper averages the other annual data of the month in which the data of the  
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Figure 4. Tourism volumes sequence noise reduction. 
 
Table 1. Search query correlation coefficient of Google keyword. 

Keyword Correlation Coefficient 

Flight to Shanghai 0.597 

Shanghai weather 0.128 

Shanghai traffic −0.420 

Weather in Shanghai China 0.348 

Shanghai tourist attractions −0.183 

China time Shanghai 0.656 

Shanghai flight 0.479 

Shanghai scene −0.292 

Shanghai hotel booking 0.024 

Bund Shanghai 0.393 

Shanghai cuisine −0.312 

Shanghai food 0.178 

Shanghai airport −0.272 

Shanghai airport arrivals 0.045 

Shanghai restaurant 0.124 

Shanghai visa 0.053 

 
abnormal data is taken to ensure the integrity of the data information. 

The basic method of GDFM index composite is to use the weighted idea to 
sum up the common components of the variables. First, use the variance con-
tribution rate to determine the number of factors, and then calculate the com-
mon components of the multidimensional stationary search data sit, and finally 
add the search index. 

( )
1
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k

it it nt
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s b L g
=

= ∑                           (9) 
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n is the determined number of factors, L is the lag operator, and k is the 
number of lag operators. According to the Forni that when n = 4 and k = 5, the 
model works best [35]. 

After processing the abnormal data of the keyword search volume, the effect 
of the abnormal value on the authenticity of the search index is reduced. How-
ever the tourism is a relatively relevant industry, emergencies or other urban ac-
tivities not related to tourism have a certain impact on tourism search, which has 
led to a significant increase or decrease in the overall network search of tourist 
destinations over time. For example, the SARS incidents in 2003 which affected 
the web search of tourist destinations. Abnormal data processing is for individu-
al data, as shown in Figure 5. We still need to optimize the predictive power of 
the search index by simple noise reduction processing. 

It can be seen that the composite search index does reflect the trend of tourist 
volumes and shows a certain lead time, as shown in Figure 6, which is also con-
sistent with people’s behavioral motives. At the peak of the tour, people seem 
more willing to use the search data in advance to help them make travel deci-
sions. 

4.3. Evaluating Indicator  

In order to investigate the prediction ability of the established model from dif-
ferent angles, this paper selects the mean absolute percentage error (MAPE), the 
mean square error (MSE), the mean absolute error (MAE) and the fitting coeffi-
cient R2 as the evaluation indicators of the model from different angles. Measure 
the predictive affect of the model. Among them, ix  represents the model si-
mulation output value, that is, the predicted tourist volume; xi represents the 
actual number of visitors, and n is the number of test data. 

The fitting coefficient R2 represents the degree of fitting of the predicted value 
curve to the actual value curve. The value of R2 can measure the fitting ability of  
 

 
Figure 5. Search of key word index noise reduction. 
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Figure 6. Fitting of tourism volumes sequence and composite search index. 
 
the model, [ ]2 0,1R ∈ , and the closer the value of R2 is to 1, the model is ex-
plained the stronger the fitting ability. 
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The MAE measures the accuracy of the prediction by calculating the differ-
ence between the predicted value and the true value data. The smaller value of 
MAE we have the higher prediction accuracy. 
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MAPE is an evaluation criterion used to explain the relative error of the pre-
diction model, which can well evaluate the prediction ability of the model. 
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RMSE represents the square root of the ratio of the sum of the predicted value 
to the true value and the ratio of the experimental number, used to estimate the 
degree of deviation between the predicted value and the true value. 
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4.4. EEMD Noise Reduction 

In the forecast research of tourism demand in recent years, there are many com-
bined forecasting models, especially the combination of network search index 
and time series model. However, these studies lack the intensity of noise 
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processing. The modal decomposition of the tourist volumes time series and the 
keyword search index allows the Shanghai inbound tourist volumes and the 
keyword search index to obtain a uniformly distributed decomposition scale, so 
that smooth the interference of abnormal events. 

The core idea of EEMD is to add Gaussian white noise to the signal and per-
form ensemble averaging. The two important parameters of EEMD are the ratio 
k of white noise to the standard deviation of the original signal amplitude, and 
the average number of times M, however there is no specific calculation method 
for the values of k and M. Combined with the experience of the researchers and 
the experiments in this paper, and for the data characteristics, we take k = 0.2 
and M = 100 as the benchmark experimental values, and then adjust them con-
tinuously in the experiment to get the best EEMD model with the best decompo-
sition effect. 

When performing the EEMD test of the first iteration, the Gaussian white 
noise sequence f(t) was added to the Shanghai inbound tourist volumes time se-
ries P(t) and the keyword search index I(t), and n trials were performed. After that, 
the nth pending tourism volumes time series and the network search index se-
quence are obtained. 

( ) ( ) ( )n t t n tP p lf= +                        (14) 

( ) ( ) ( )n t t n tI I lf= +                        (15) 

In further experiments, the EEMD parameter values continuously adjusted. 
The decomposed tourist volumes time series and the search index sequence 
contain 6 IMF components and one residual. The amplitude and fluctuation of 
the IMF component are different. It can also be seen from the figure that the 
amplitude and fluctuating frequency of the first IMF are always the largest and 
the wavelength is relatively short. The first IMF component obtained after de-
composition is removed as noise, and the remaining IMF2, IMF3, IMF4, IMF5, 
IMF6 and smooth trend residuals are summed as an experimental sequence of 
tourist volumes and keyword search respectively. 

4.5. DBN Forecast 

We are required to determine the number of hidden layer nodes and the number 
of hidden layers in the DBN. There is not any exact rule about the number of 
nodes in the DBN input layer and hidden layer. Basing on the experience of re-
searchers, this paper sets the number of layers of DBN to N = 3 and the number 
of neurons is set at intervals of 5 for each hidden layer. The number of nodes in 
the layer is taken as an integer in [100, 1000], and then each additional layer of 
hidden layer is added to determine the optimal value of the number of neurons 
in the second hidden layer, and the experiment is repeated to achieve the highest 
accuracy. It component RBM of the DBN needs to optimize the feature extrac-
tion ability through training. Therefore, the DBN also needs a weight; the weight 
can determine the influence factor of the maximum probability of the training 
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sample. We define the learning rate of the DBN model to 0.1, the number of ite-
rations. Set to200, by repeating the training, it is determined that the final DBN 
structure is a 3-layer RBM composition, and the number of hidden neurons in 
the first layer and the second layer is 20, 15, respectively. 

In this paper, the established DBN model is used for prediction and compared 
with support vector machine, ARIMA, GM(1,1), fuzzy time series and cubic ex-
ponential smoothing model. The group (a) of Figures 6-11 shows the fit be-
tween the predicted value and the actual value, and the group (b) of Figures 
7-12 shows the degree of dispersion between the predicted value and the ob-
served value.  

It can be seen from the comparison of the (a) group images of the six different  
 

 
(a)                                        (b) 

Figure 7. Forecasts of the monthly Shanghai inbound tourist volume using GDFM-ARIMA: 
(a) the predicted series; and (b) the scatter of the predicted series. 
 

 
(a)                                        (b) 

Figure 8. Forecasts of the monthly Shanghai inbound tourist volume using GDFM-GM(1,1): 
(a) the predicted series; and (b) the scatter of the predicted series. 
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(a)                                        (b) 

Figure 9. Forecasts of the monthly Shanghai inbounds tourist volume using GDFM-FTS: 
(a) the predicted series; and (b) the scatter of the predicted series. 
 

 
(a)                                        (b) 

Figure 10. Forecasts of the monthly Shanghai inbound tourist volume using GDFM-SVM: (a) 
the predicted series; and (b) the scatter of the predicted series. 
 
prediction models that the predicted values of the ARIMA model show obvious 
convergence characteristics, and ARIMA has greater limitations in dealing with 
non-stationary time series. The prediction ability of the GM(1,1) model usually 
shows a large volatility, which is affected by the smoothness of the tourist vo-
lumes data series, the prediction effect of the GM(1,1) model seems to be less 
than ideal. FTS usually optimizes the uncertainty of data and solves fuzzy prob-
lems. When forecasting separately it often does not really work out well. SVM is 
a widely used forecasting model in tourism demand forecasting in recent years. 
However, the kernel function selection of SVM model is a very difficult problem, 
and it is computationally complex and often sensitive to data loss. The cubic ex-
ponential smoothing is based on an exponential smoothing model and a qua-
dratic exponential smoothing model. It is commonly used in China’s domestic  
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(a)                                        (b) 

Figure 11. Forecasts of the monthly Shanghai inbound tourist volume using GDFM-CES: 
(a) the predicted series; and (b) the scatter of the predicted series. 
 

 
(a)                                        (b) 

Figure 12. Forecasts of the monthly Shanghai inbound tourist volume using GDFM-DBN: (a) 
the predicted series; and (b) the scatter of the predicted series. 
 
tourism demand forecast because it has good predictive ability for seasonal time 
series. From the figure, the fitting effect of the cubic exponential smoothing and 
DBN is relatively trustworthy. 

The group image of (b) is a good representation of the degree of dispersion 
between the ideal prediction and the actual predictions of the six different mod-
els. The discrete trend of the DBN model is the most stable and the least discrete, 
that is, the predicted value of the DBN model is closely surrounding the actual 
value. Combining the final results of the (a) group image with the (b) group im-
age, we can conclude that the DBN has better predictive power than other models. 

4.6. Comparison of Different Forecasting Methods 

The comparison experiment was set up in two groups. The first group predicted 
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the tourist volumes without adding the composite search index, and the second 
group joined the Google search index to predict the tourist volumes. The results 
of both groups were evaluated by MAE, MAPE, RMSE, and R2 as shown in Table 
2. The MAE, MAPE, RMSE, and R2 values predicted by the first group of 
ARIMA models were 10.16828, 0.14032, 1.27639, and 0.62679, respectively; the 
MAE, MAPE, RMSE, and R2 values predicted by GM(1,1) were 8.47406, 0.1159, 
1.21326, and 0.63701, respectively; The MAE, MAPE, RMSE, and R2 values pre-
dicted by fuzzy time series are 7.77446, 0.11376, 0.99984, and 0.70957, respec-
tively; the MAE, MAPE, RMSE, and R2 values predicted by SVM are 7.95296, 
0.11417, 1.13246, and 0.74384, respectively; cubic exponential smoothing model 
prediction The MAE, MAPE, RMSE, and R2 values were 7.31596, 0.10397, 
0.99589, and 0.76065, respectively; the MAE, MAPE, RMSE, and R2 values pre-
dicted by DBN were 5.8507, 0.08417, 0.90995, and 0.80651, respectively. Ob-
viously, the evaluation indicators of the DBN model are better than other mod-
els, especially the values of MAE and MAPE are nearly half smaller than 
ARIMA, and the R2 value is also the closest to 1. 

Looking at the results of the second set of experiments, after joining the 
Google keyword search index, we used six different models to predict the tourist 
volumes as shown in Table 3. The MAE, MAPE, RMSE, and R2 values predicted 
by ARIMA after adding the search index are 10.40777, 0.15558, 1.30863, and 
0.64662, respectively; the MAE, MAPE, RMSE, and R2 values predicted by 
GM(1,1) are 7.03853, 0.09941, 0.85096, and 0.64336 respectively; MAE, MAPE, 
RMSE, and R2 values predicted by fuzzy time series are 8.02626, 0.10963, 
1.05467, and 0.72485, respectively; the MAE, MAPE, RMSE, and R2 values pre-
dicted by SVM are 6.28613, 0.09048, 1.00487, and 0.779, respectively; The MAE, 
MAPE, RMSE, and R2 values predicted by the smoothing model were 5.99157, 
0.084653, 0.91868, and 0.78252, respectively; the MAE, MAPE, RMSE, and R2 
values predicted by DBN were 5.04885, 0.071167, 0.65961, and 0.82518, respec-
tively. Compared with the results of the first set of experiments, it can be found 
that after adding the Google keyword search index, the MAE, MAPE, and RMSE 
values of GM(1,1), SVM, CES, and DBN are smaller than those when the search 
index is not added, also improved in R2. Obviously, the DBN model still main-
tains the most predictive performance, and the indicators are ahead of other fo-
recasting models. This shows that the DBN model does show a good forecasting  
 
Table 2. Forecasting performance evaluation of six models. 

 MAE (104) MAPR RMSE (105) R2 

ARIMA 10.16828 0.14032 1.27639 0.62679 

GM(1,1) 8.47406 0.1159 1.21326 0.63701 

FTS 7.77496 0.11376 0.99984 0.70957 

SVM 7.95296 0.11417 1.13246 0.74384 

CES 7.31596 0.10397 0.99589 0.76065 

DBN 5.8507 0.08417 0.90995 0.80651 
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Table 3. Forecasting performance evaluation of six models with search index. 

 MAE (104) MAPR RMSE (105) R2 

Index-ARIMA 10.40777 0.15558 1.30863 0.64662 

Index-GM(1,1) 7.03853 0.09941 0.85096 0.64336 

Index-FTS 8.02626 0.10963 1.05467 0.72485 

Index-SVM 6.28613 0.09048 1.00487 0.779 

Index-CES 5.99157 0.084653 0.91868 0.78252 

Index-DBN 5.04885 0.071167 0.65961 0.82518 

 
effect in terms of tourist volumes forecasting, and the Google search index can 
indeed optimize the forecast of tourist volumes. 

4.7. Stability Test and Granger Causality Test 

The granger causality test is to prove the effectiveness of Google keyword search 
data on tourism demand forecasting model. Before conducting the Granger 
causality test, we must first ensure that the tourist volumes sequence and the 
Google search index sequence are stationary. According to the unit root test re-
sults, the Google search index is stationary, at the 1% significance level (Table 
4). The tourist volumes sequence shows the non-stationary, state during the 
same period, so the differential processing has to be done. Under the 
second-order differential level, the tourist volumes sequence is stationary (Table 
5). Further, Granger causality test between variables is shown in Table 6. Ac-
cording to the results of the Granger causality test, Google search data is the 
cause of tourists’ travel behavior. Then it proves that the Google search index 
has predictive ability for inbound tourism in Shanghai. Therefore, it is feasible to 
use the search data to predict the tourism volumes. The tourism volumes se-
quence is recorded as Yt, and the keyword search index is recorded as It. 
 
Table 4. Augmented Dickey-Fuller unit root test on Google search index. 

  t-statistic Prob 

Augmented Dickey-Fuller test statistic  −4.447879 0.0002 

Test critical values: 1% level −3.467205  

 5% level −2.877636  

 10% level −2.575430  

 
Table 5. Augmented Dickey-Fuller unit root test on tourism volumes (2nd difference). 

  t-statistic Prob 

Augmented Dickey-Fuller test statistic  −12.42683 <0.0001 

Test critical values: 1% level −3.469933  

 5% level −2.878829  

 10% level −2.576067  
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Table 6. Standard granger causality tests. 

null hypothesis F-statistic Prob 

Yt does not Granger cause It 7.39027 0.0001 

It does not Granger cause Yt 3.06659 0.0295 

5. Conclusions 

Network technology is constantly upgrading, and has achieved good popularity, 
becoming an indispensable part of people’s daily lives. With the advent of the 5G 
era, web search may penetrate deeper into our daily lives, especially in terms of 
travel. The EEMD decomposition method adopted in this paper overcomes the 
large noise defects in the traditional index composite, making the keyword 
search index play the most important role in tourism demand forecasting. 
However, we have to admit that the selection of keywords is something we need 
to explore further, although it is now possible to use high-speed computers to 
extract keywords, and such methods will greatly improve the accuracy of key-
words, but this technology extremely high hardware requirements and therefore 
no universality. Accurately finding keywords that best reflect the motivation of 
tourist guests will further optimize the tourism demand forecasting model. Five 
comparative forecasting models selected in this paper are widely used in tourism 
demand forecasting. The maturity of artificial intelligence technology will also 
bring new opportunities and challenges to tourism demand forecasting. 

Tourism is a comprehensive industry that will not only be affected by force 
major such as weather, natural disasters, but also subjective factors such as poli-
tics, economy, culture and even religion. In the traditional forecast of tourism 
demand, the research using quantitative methods accounts for the majority, 
which also neglects the tourism behavior caused by people’s subjective con-
sciousness to some extent, and the keyword search data, reflects the subjective 
behavior of people. Although the keyword information has been applied to some 
extent, it is not deep enough. Therefore, accurate extraction of keywords and 
qualitative analysis is another challenging problem that we need to work hard to 
solve. 
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Abstract 
The differential equations of movement along the concave profile of the grate, 
consisting of three broken lines, are integrated on Maple 9.5 under initial 
conditions, using separate functions, and graphs of the dependence of move-
ment and speed over time are presented. The graphs show the patterns of 
change in displacement and speed at different angles, friction coefficient of 
seeds along grate with a broken line of a concave profile. 
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1. Introduction 

Currently, the quality of fiber obtained at cotton processing enterprises depends 
on the efficient operation of machines operating in the direct technological 
process. Each process is to some extent important in obtaining high-quality fi-
ber. The main technological process in the production of fiber at the enterprise 
is the process of ginning (separation of fiber from seed). The cotton, peeled from 
small and large litter in the cleaning workshops, is fed to the main machine of 
the genie shop with saw gin. The cotton enters the working chamber of the gin 
and is hooked with the teeth of the saws rotating next to the seed comb, leading 
to the grate. In the working chamber, the cotton flies hooked with the teeth saw, 
hook the other cotton flies and create a raw roller. The seed roll rotates in the 
opposite direction of the saw cylinder, and provides a continuous supply of cot-
ton fiber to the teeth of the saws. Gin problems were previously studied by many 
researchers [1]-[7]. 

There are also known attempts by the authors of mathematical modeling of 
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various stages of the technology of primary processing of cotton, which are pub-
lished both in local and foreign scientific journals [8] [9] [10] [11] [12]. 

The authors of the article conducted a series of studies to improve the work-
ing elements of gin. The aim of the study is to create the possibility of timely exit 
of bare seeds from the working chamber of the saw gin by creating grooves in 
the grates, creating a device that performs this process, determining the tech-
nological dimensions that ensure efficient operation, as well as introducing the 
device into production. 

The selection of the optimal structural and technological parameters of the 
new grate is a crucial stage of research. The use of mathematical methods in re-
search planning, in contrast to traditional methods of research calculations, 
makes it possible to determine the influence of each factor together influencing 
several parameters on optimization parameters. As a result of this, a mathemati-
cal model of the studied object will be obtained with a relatively small multiplic-
ity of tests. This model is also used for decision making. 

Investigation of the movement of single and systemic seeds along grates with a 
concave profile. 

1) The movement of a single seed. 
To describe the movement of the seed, it is necessary to determine the con-

cavity of the grate groove. Typically, this concavity profile consists of a curve, the 
shape of which should provide the minimum resistance force and the process of 
maximum separation of the fiber from the seed when the seeds move. Suppose 
the equation of the concavity profile parameter, and the shape is expressed by a 
curved line in the plane (Figure 1). 

In this case, its curvilinear motion will be expressed by the following equa-
tions: 
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Figure 1. The movement of the seed along the rib 
with a concave profile. 
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There is ( )S S t= —the law of movement of the seed in concavity; 
ρ —radius of curvature; 

nF τ  and nuF —projections of external forces to the curve in the tangent and 
normal directions; 

N—normal reaction force affecting the mass. 
Consider the equation in the polar coordinate system. We consider the equa-

tion of the curve of the line in the coordinate of the pole systems. The law of 
motion of the seed is written as follows: 
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ψ —the angle formed by the tangent to the curve of the line with the axis ox, 
this angle is expressed as follows: 

2 2 2

2 2

d
sin cosdtg d cos sin

d
tg sin cossin

1 tg
cos sincos

y
r r

x r r

r
r r

r r
r r

ϕ ϕϕψ
ϕ ϕ

ϕ
ψ ϕ ϕψ
ψ

ϕ ϕψ


+

= = 
− 


+

= = 
+ + 

− =
+ 













                 (3) 

For the radius of curvature we obtain the following expression 
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In Equation (2), the letter indicates the sum of the tangential forces affecting 
the seed. In this direction, the projection of gravity and the Coulomb friction 
force in the direction, i.e. 

sinT fN mg ψ= +  

If we write Equation (2) taking into account the expressions and for, we ob-
tain the following equation: 

( )
2 12

2 12
2

2 12

cos cos cos sin

2

mgmS r r f r r
r r

r r rrfmS
r r

ϕ ϕ ϕ ϕ= + + −  
+

+ −
−

+



 





          (5) 

In this equation using equality 2 12S r rϕ= +

 , for the angle ( )tϕ ϕ=  we 
can write the following nonlinear differential equation of the second order: 

( )

( ) ( ) ( )

1 11
2 12 2

2 12

2 2 2 1 2 2

2 2

sin cos cos sin
2

r r r
r r

r r

g r r f r r
f r r r r r

r r

ϕ ϕ

ϕ ϕ ϕ ϕ
ϕ

 +
 − + +
 + 

+ + −
= − + − +

+

 

 

   



 

https://doi.org/10.4236/eng.2020.123017


K. Sharipov et al. 
 

 
DOI: 10.4236/eng.2020.123017 219 Engineering 
 

The initial equations of this equation ( ) 00ϕ ϕ=  and ( ) 00ϕ ϕ=   (6) the dif-
ferential equation are integrated numerically under the above initial conditions. 

The particular case (Figure 2): 
The lengths of the convex grate 1 2 3, ,l l l  are replaced by three straight lines 

BD, DC and CA. 
Enter the direct Cartesian coordinates for the moving seed in each plot 

( )
( )

1 1 1 1
1 1

1 1 1 1

2 1 1 2 2
2 2

2 2 1 2 1

3 1 1 2 2 3 3
3 3

3 1 1 2 1 3 3

cos
0

sin

cos cos
0

sin sin

cos cos cos
0

sin sin sin

x l S a
S l

y l S a

x l a S a
S l

y l a S a

x l a l a S a
S l

y l a l a S a

= −  < < 
= − 

= +  < < = +  
= + +  < <= + +  

            (7) 

We can write the differential equation of motion ( )S S t=  of the path cov-
ered by the seed for each section as follows: 

( )
( )
( )

1 1 1 1

2 2 2 1 2

3 3 3 2 3

sin cos 0 (8)

sin cos (9)

sin cos (10)

mS mg a f a t t

mS mg a f a t t t

mS mg a f a t t t

 = − < <
 = − < <
 = − < <







 

Equations (8)-(10) are integrated under the following initial conditions 

( ) ( )
( ) ( )
( ) ( )

1 1 1

2 1 2 1 2

2 2 2 2 3

0 0 0

0

0

S S

S t S t

S t S t

ϑ

ϑ

ϑ

= =
= = 
= = 







                   (11) 

Here t1, t2, t3, v2, v3, ∙∙∙ To do this, consider each period of time. 
a) 10 t t< < —at this time, the seed moves only along the line AB and from 

Equation (2) under the conditions ( )1 0 0S = , ( )1 0 hS v=  the integral will be in 
the following form: 
 

 
Figure 2. Profile view of a rib with 3 broken straight lines. 

https://doi.org/10.4236/eng.2020.123017


K. Sharipov et al. 
 

 
DOI: 10.4236/eng.2020.123017 220 Engineering 
 

2

1 1 2 h
tS C v t= +                          (12) 

( )1 1 1sin cosC a f a= −  

Here 2hv gh= , h—is the height from the center of gravity of the seed to the 
bulge of the grate. 

In Equation (12), taking into account the equation 1 1S l= , we obtain the equ-
ation with respect to 1t  

1 1 1 12 0nC t v t l+ − =  
2

1 2 h
tl c tυ= ⋅ + ⋅ ⇒                       (13) 

Here we define 1t t= . 
As a result, we obtain the expression of speed 1v   

1 1 1 hv c t v= +                          (14) 

Similarly, we obtain the following solutions for the second and third sections 

( ) ( )
2

1
2 2 2 1

2 1 1

2 2 2

2
cos

sin cos

t t
S c t t

a
c a f a

ϑ

ϑ ϑ

−
= + −

= 
= − 

                  (15) 

( )2
3 3 3 2

3 2 2

3 3 3

2
cos

sin cos

t tS c t t

a
c a f a

ϑ

ϑ ϑ

− 
= + − 

= 
= − 

                   (16) 

2) Assume that the sections of the transition AB, BC and CA the convex grate 
are expressed by circular arcs (Figure 3). 
 

 
Figure 3. Coordinates of the characteristic points of the rib. 
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We write the equations of arcs in the following form 

( ) ( )
( ) ( )

2 2 2
1 1 1

2 2
2 2 i

x x y y R

x x y y R

− + − = 


− + − = 
                    (17) 

Here ix ; iy —coordinates of the centers of arcs; 

iR —radius of arcs. 
Equations of straight lines, AB, BC and CD: 

( )
( )
( )

1 1 11 11

2 2 12 12

3 3 13 13

y k x x y

y x x x y

y x x x y

= − + 


= − + 
= − + 

                      (18) 

Points 11x , 11y  lie on an arc, therefore 

( ) ( )2 2 2
11 1 11 1 ix x y y R− + − =                    (19) 

In addition, the slope of the line AB 

( ) ( )
11 1

1 12 2
11 1 11 1

tgx xK a
x x y y

−
= =

− + −
               (20) 

If the angle coefficient 1K  is given, the coordinates 11x  and 11y  are also 
determined in Equations (18) and (20). 

The coordinates 12x  and 12y  

( ) ( )2 2
12 1 12 1 ix x y y R− + − =                   (21) 

( ) ( )
12 1

2 22
12 1 12 1

tgx xK a
x x y y

−
= =

− + −
               (22) 

( ) ( )2 2 2
21 2 21 2 ix x y y R− + − =                  (23) 

( ) ( )
22 2

3 32 2
22 2 22 2

tgx xK a
x x y y

−
= =

− + −
              (24) 

From each Equations (20)-(24) unknown coordinates are determined 11x , 

11y ; 12x , 12y ; 21x , 21y ; 22x , 22y . The equation for the convexity of the grate 
will be in the form 

( )

( )
( )

( )
( )

1 11 11 0 11

22
1 1 11 12

2 21 21 12 22

22
2 2 21 22

3 22 22 22 12

i

i

y K x x y x x x

y y R x x x x x

y K x x y x x x

y y R x x x x x

y k x x y x x x

= − + < <

= − − − < <

= − + < <

= − − − < <

= − + < <

            (25) 

We write the equation of motion of the seed for each plot (Figure 4) 

( )
( )
( )

1 1 1

2 2 1 2

3 3 2 3

sin cos 0

sin cos

sin cos

mx mg a f a t t

mx mg a f a t t t

mx mg a f a t t t

= − < < 


= − < < 
= − < < 







           (26) 
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Figure 4. The view of the grate with a concave surface in 
the plane (х:у). 

 
The differential equations of movement of along the concave profile of the 

grate, consisting of three broken lines, is integrated on Maple 9.5 under initial 
conditions, using separate functions, and graphs of the dependence of move-
ment and speed over time are presented (Figures 5-10).  

Figure 5 and Figure 6 show the nature of the change in the path and speed of 
the seeds with time t for various friction coefficients in the aircraft section, for 
various values of the friction coefficient: 1—f = 0.03; 2—f = 0.06; 3—f = 0.09, in 
which all graphs are upward. 

Figure 7 and Figure 8 show the nature of the change in the path and speed of 
passage of seeds with time t at various friction coefficients in the SD section: 1—f = 
0.03; 2—f = 0.06; 3—f = 0.09, which also have an upward character of change. 

Figure 9 and Figure 10 show the nature of the change in the speed of seeds 
along the trajectory s for various friction coefficients in the DE and EF sections 
for various friction coefficients 1—f = 0.03; 2—f = 0.06; 3—f = 0.09, where the 
growth rate of parameters in the EF region is much higher than in the previous 
one. 

The graphs show the patterns of change in displacement and speed at different 
angles, friction coefficient of seeds along grate with a broken line of a concave 
profile.  

The analysis showed the feasibility of using ribs with a concave profile, which 
helps to accelerate the release of seeds from the working chamber of the fiber 
separator, which significantly increases the productivity of the cotton processing. 
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Figure 5. The pattern of change in the path of the seed over time t at 
various friction coefficients in the plot ВС: 1—f = 0.03; 2—f = 0.06; 3—f = 
0.09. 

 

 
Figure 6. The pattern of change in the path of the seed over time t at 
various friction coefficients in the plot ВС: 1—f = 0.09; 2—f = 0.06; 3—f = 
0.03. 
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Figure 7. The pattern of change in the path of the seed over time t at 
various friction coefficients in the plot СД: 1—f = 0.03; 2—f = 0.06; 3—f = 
0.09. 

 

 
Figure 8. The pattern of change in the path of the seed over time t at 
various friction coefficients in the plot СД: 1—f = 0.03; 2—f = 0.06; 3—f = 
0.09. 
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Figure 9. The pattern of change in seed speed along the path s at 
various friction coefficients in the plot ДЕ: 1—f = 0.03; 2—f = 0.06; 
3—f = 0.09. 

 

 
Figure 10. The pattern of change in seed speed along the path s at 
various friction coefficients in the plot ЕF: 1—f = 0.03; 2—f = 0.06; 
3—f = 0.09. 

2. Conclusions 

1) An increase in the coefficient of friction leads to a decrease in the move-
ment and speed of the seed in time. 

2) You can see that in this section the trajectory and speed of the seeds depend 
on the friction coefficient, that is, with an increase in the friction coefficient, the 
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speed decreases. 
3) From the above graphs, it is possible to determine the tilt angles 

1 2 365 , 25 , 45α α α= = =    for the concave grate model with broken, the values 
of which were accepted, and the grates were tested under production conditions. 

4) Determining the movement and speeds of seeds along the grate with a 
concave profile makes it possible to improve—accelerate the exit of seeds from 
the roll box of the gin. 
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