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• To deal with the complex and variable marine data, we propose a basic model of marine data from various sensors in order to make each sensor,
equipment and system can share and process the data.

• To the best of our knowledge, there is no research focusing on the multi-sensors data in marine field. This paper propose a data processing algorithm
of multi-sensors data in order to delete outliers and interpolate value.

• In previous studies, there is no algorithm or software for processing ship tracks systematically, the mathematical model we design will be beneficial
to the route planning and marine surveying.
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a b s t r a c t

With the increasing popularity of Cloud Computing and Internet of Things(IoT), Cloud computing among
with the IoT concept has become a hot research field in recent years. The ocean data information is more
complex than the traditional data information. Based on the analysis of IoT in marine field, this paper
will establish a simplified model of Cloud Computing on marine IoT and propose a ocean data processing
algorithm. Specifically, different from traditional data processing algorithms, the proposed algorithm is
based on the data of various sensors and cares deeply the effect of eliminating outliers and the smoothness
of the processed curve. According to the processed data, we propose a mathematical model of route
planning. In this model, the ship can arrive the destination line as soon and short distance as possible.
Through analysis of experimental results by comparing the raw data and the processed data, it is shown
that the proposed algorithm has a good optimization effect and the mathematical model is reasonable in
actual measurement work.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Cloud Computing is an increase, use, and delivery model for
internet-related services. It takes computing to the pool of re-
sources that aremade up of a large number of computers, enabling
a variety of applications to acquire the ability of calculation, storage
space, and information services as needed [1,2]. Firstly, Cloud
Computing allows users to use a variety of terminals at any location
to obtain application services and the requested resource is from
the cloud rather than the fixed entity.Whenmeasuring themarine
data, the location and terminal are non-stationary, so the compu-
tation and storage of data will not be affected by the application of
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Cloud Computing [3,4]. Next, Cloud Computing has high scalability
and large scale. The scale of the cloud can be extended dynamically
and this dynamic extension is transparent to the user and does
not affect the user’s business and application [5]. Finally, it also
has high reliability. Cloud Computing takes use of multiple copies
of fault tolerance, multi-computing node isomorphism, and other
measures to guarantee the high reliability of service [6,7].

With the purpose of improving the ability of system to collect
data and analyze data, it is significant to combine the Cloud Com-
puting with Internet of Things [8,9]. Internet of Things(IoT) is an
important part of the new generation of information technology.
It is still based on Internet and the expansion of Internet by thing
to thing with the purpose of exchanging information and com-
municating [10,11]. There are various kinds of sensors(pressure,
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temperature, speed, etc.) in IoT, allowing us to use the data of each
sensors and make the sensors interact each other [12,13].

As the basic model of Cloud Computing and IoT shown in Fig. 1,
there are three parts in this model. The various sensors collect data
and interact with each other. Then the data will be transmitted to
the cloud. Based on Internet server and cloud, the Cloud Computing
is used to deal with the larger quantity of data. According to the
processed data, they will be used in many applications [14,15].

According to IoT and Cloud Computing in marine field, it is
a new technology in IoT, which can be used to process the big
data and develop new oceanic technologies [16,17]. It combines
the IoT and ocean. To be more specific, IoT can be linked with a
large number of information from various sensors [18]. According
to the contract agreement, any items connected with the Internet
in order to achieve intelligent identification, positioning, tracking,
monitoring and management of a network [19]. The basic feature
of IoT is the comprehensive perception, reliable transmission and
intelligent processing of information, the core ofwhich is the infor-
mation interaction between people and things or different devices
[20]. Wherefore, in view of the application of large-scale wireless
sensor network, it is necessary to study the various problems
involved in IoT and Cloud Computing and verify the conclusions
of theoretical research through the actual data processing system
and the marine surveying and mapping system [21,22].

At present, oceanic information is usually acquired by using
measuring vessels, satellites and oceanographic stations. However,
with the development of the oceans and the increasing demand for
data, IoT-based data acquisition and cloud-based data processing
can improve data collection efficiency, solve the problem of low
data utilization and also can be applied to the marine mapping
system. But the problems encounteredmainly in the following two
aspects, one is in data processing that the application of big data
processing in other fields is mature, but relatively few in the field
of the ocean, which needs a suitable data processing algorithm; the
other is that in the actual surveying andmapping of marine survey
ships, it sometimes needs to follow the designated route, so a basic
model of route planning is necessary.

Marine charting is an accurate measurement and description
of all kinds of data information of the ocean, such as water flow
velocity, wind direction, wind speed and other data information.
And these data information is analyzed and processed in order to
set up the voyage line [23]. For the ship underway measurement,
the basic layout is in accordance with the planned survey to make
an underway measurement. The measuring ships need to change
their direction frequently and the methods let these ships sail on
many different lines [24]. Thus, the establishment of a navigation
system for sea ships is based on the analysis of the minimum
turning radius and the influence of wind direction, water flow
velocity and the direction of the ship in order to reach the route
in the fastest and shortest way. Based on the data information and
the relative position of the ship and themeasured line,we establish
the mathematical model of the route planning of the navigation to
the test line under different conditions by means of analysis and
simulation [25,26].

In this paper, we propose a basic model of Cloud Computing
in marine IoT. And according to the model, we put forward the
data processing algorithm based on the data interaction between
various kinds of sensors and propose a mathematical model of
route planning according to the processed data. According to the
Could Computing and marine IoT, there are three contributions in
this paper. First of all, this paper proposes a basic model of Cloud
Computing andmarine data from various sensors in order to make
each sensor, equipment and system can share and process the data.
In addition, a data processing algorithm of multi-sensors data is
proposed in order to delete outliers and interpolate value. At last,
the mathematical model we design will be beneficial to the route
planning and marine surveying.

The rest of the paper is organized as follows: Section 2 is
devoted to the introduction of the related works. Section 3 illus-
trates the proposed approach. Experimental results as well as the
evaluation of the proposed approach are presented in Section 4.
Ultimately, Section 5 concludes the paper.

2. Background and motivation

Most marine detection systems are made up of payloads, de-
tection equipment, launchers and ground stations. And the station
mainly includes the ground receiving equipment that receives the
measurement information, tracking and detecting equipment, po-
sitioning speedmeasuring equipment and data processing system.
The data processing system of each monitoring equipment stores,
processes and visualizes the collected data. Ground handling sys-
tems in early stage have the drawbacks of low storage capacity,
low computational speed, etc. With the development of computer
technology, real-time information and communication efficiency
has been greatly improved by applying various data processing
software and a stable and reliable database [27].

Data processing plays a key role in Marine Mapping System.
The data acquisition can automatically collect the non-electric
or electric signal in the unit, such as the sensor and other test
equipment, etc. [28,29], and send them to the upper machine for
analyzing and processing. Data processingmodulewill standardize
and visualize data to provide data support for the system [30,31].

Compared with the existing data processing methods, the Ma-
rine Surveying and Mapping System based on Cloud Computing
and IoT combines the characteristics of the data acquisition of the
detection equipment. Based on the analysis of the complicated
marine environment, the reasons for the measurement error of
the sounding rocket are summarized. What is more, the system
errors are corrected to make themmore realistic to reflect the real
situation of the marine atmosphere. And it also breaks the tradi-
tional telemetry data processingmode and solves the problem that
most marine wireless sensors or equipment have poor processing
flexibility and low utilization rate for collecting environment pa-
rameters such as temperature, humidity and wind direction.

2.1. Data preprocessing in data acquisition module

The data acquisition is a kind of indirect access technology, such
as the marine environment parameters, containing temperature,
air pressure and other marine parameters, which is transformed
into electrical signals through a certain transformation technol-
ogy [32]. After data acquisition, the data information will be trans-
mitted to the cloud. With a large quantity of data, it is necessary
to process data in the cloud. In multiple conversions, the data will
be mixed with a small amount of noise data, which affect the
accuracy of the data. In order to reduce or prevent the influence
of noise, digital filtering technology can be used to eliminate noise
and improve the accuracy of data [33].

In the data processing methods, data filtering is a crucial step,
while most of exiting methods are using mean filtering method.
The mean filtering is the average of the sum of the data in the
sampling sequence {Xi}, the formula is as follows:

X =
1

n + 1

n∑
i=0

Xi (1)

The mean filtering is very effective for filtering the random
interference signals mixed in the detected signals. The signal is
characterized by an average signal that moves up and down near
a numerical range. But the filtering result of this method can be
affected when the noise data is uncertain [34].
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Fig. 1. Basic model of Cloud Computing on the Internet of Things.

The median filter method is used to treat the abnormal value
of data [35]. Suppose the data sequence as X0 (i) where i =

1, 2, . . . ,N .
Take the element j as the starting point, and take out (m + 1)

elements in order. In the formula, m is even and j takes the value
1, 2, . . . ,N − m, the data of each participating median filter is
(m + 1), so the sequence is rearranged into a new sequence in
order of magnitude X0 (j) , . . . , X0 (j + m). Each j takes the middle
elements in the sequence to form a new sequence and this new
sequence is the result of (m+1)-point median filtering: X1

(
j + m

2

)
where j = 1, 2, . . . ,N − m

The median filter method must be given a test value that is not
physically intuitive, so we will optimize the method for dealing
with the abnormal data in part three [36,37].

2.2. Route planning methods in marine field

The measurement of the ocean is very different from land
measurement, it is that the survey line of measurement will be
influenced by many factors such as wind and wave. Even though
the operators try to keep the ship on a preset plan, the actual flight
path is a curve that moves around the planned course. Let us take
the water depth measurement as an example [38]. At present, the
expression ofwater depth data is in the formofwater depth,where
the location of the water depth can be represented in either direct
location point or interpolated points. In order to compensate the
system error of the test line network, we can use the two points
connected on the main test line to find the intersection point of
the nearest two points on the line, and thenmake the system error
compensation. This method will be more effective in the situation
of small scale or straight survey line. In the measurement of large
scale depth, it is likely to bring the measured line noise into the
intersection when the intersection point method is obtained by
using the straight line. Next, this paper summarizes themathemat-
ical model based on the observation position and the calculation
of the ship position, the random disturbance of navigation and
the smooth trajectory, and the adjustment calculation is carried
out [39].

In the ship’s route planning, most of the technologies are now
focused on the algorithms in positioning and route correction. But
there are few algorithms for route layout, it is necessary to build a
suitable model of route planning in order to solve some problems
in practical measurement. Also, the combination of the route plan-
ningmodel and route correction algorithms is very important [40].

There are two ways to measure the position of the ship. The
first is a method of measurement, which makes use of the GPS
positioning system, optical or acoustic system, etc. and observes

several given points to determine the position coordinates on each
measurement parameter point [41].

When using multiple sensor measurements, k represents the
number of locating sensor, so the observation i measured by the
sensor k on themeasuring point j isU(i·j)k. Also the power isU(i·j)k
and P(i · j) · k. The corresponding error equation is:

V (i · j)k = (ai·jδxj + bi·j · δyj − li·j) · k,P(i · j) · k (2)

The error equation of the whole measuring line can be written:

V ′
= A · X − l,PA (3)

Next we can calculate the error equation of the reckoning
method. The position of the (j + 1) is obtained by the j coordinate
point and the heading and speed of that position. Take the result to
the error equation of the measurement method, and the constant
term is equal to zero. Then the error equation can be calculated as
follows:
V ′

xi·j+1
= δxj+1 − δxj + ηx

Vyi·j+1 = δyj+1 − δyj

}
(4)

Assuming that V ′
− η = V , then we can convert expression (4)

into the following equation:

Vxi·j+1 = δxj+1 − δxj
Vyi·j+1 = δyj+1 − δyj

}
(5)

The calculation error equation of the whole line is written:

V ′′
= B · X,PB (6)

By combining the two error formulas of the measurement
method and rocking method, the basic equation of the adjusting
of survey line can be represented as (7). When the ship is affected
by a variety of dynamic factors, such as the wind and wave, it will
generate random errors to the heading and speed as a result of
forming the error source.

(ATPAA + BTPBB) · X = ATPAl (7)

In Fig. 2, xi represents the measurement of the fixed position,
and yi means that the position of the estimated method zi is the
position of the adjustment. There will be some observation errors
when we fix the position by measurement, and the calculated
position contains the random error causing by the heading or the
speed of the ship when we use the reckoning method. Therefore,
the adjustment point calculated by themethods is the best position
zi.
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Fig. 2. Illustration of reckoning method.

3. Proposed method

According to the information data from various kinds of sen-
sors, it can be known that the information transmission and data
processing between sensors is significant.

3.1. Basic model of data transmission in marine Internet of Things

In the oceanic data system, there are many devices and sensors.
They previously interact with the data and eventually converge
to the receiver. In this paper, the main discussion is about at-
mospheric data collection, control and processing in the cloud.
And we also analyze the interaction between various devices and
sensors and propose a model of data transmission. The model of
information transmission in marine IoT is shown in Fig. 3.

In Fig. 3, the data information fromone sensor interact the other
sensors. The various sensors collect data information and transmit
the data to transducer. Then the transducer can change the data
into signal in order to make the receiving terminal receive data
information. The receiving data information will be transmitted to
the cloud. In the cloud, data processingmethodwill be used to deal
with data.

3.2. Sounding rocket data processing

Low-altitude sounding rocket is a device used for detecting
marine environment parameter of the atmospheric boundary layer
and mixed layer, and also utilizes the sensor carried by the ra-
diosonde to detect air temperature, air pressure, relative humid-
ity and other atmospheric environmental parameters. The low-
altitude sounding rocket is usually launched on a ship, with a
rocket launch altitude of about 1000 m high. After reaching the
highest point, the parachute opens and the rocket sends data stably
once per second. It has the characteristics of high spatial resolution,
affected lightly by the hull environment and it can be used in all-
weather situations. Theworkingmodel of rocket is shownon Fig. 4.

The performance index of each sensor is shown in Table 1.
Due to the movement of the sounding rocket, the launch of the
sonde and the failing process strongly influenced by sea conditions
and atmospheric environment, the data usually show abnormal
condition. After a large number of sounding rocket data processing
and analysis, we summarized the abnormal situation shown in
Table 2.

Through the analysis of a large number of measured and ab-
normal data, we sum up the following quality control methods.
After transmitting data to the cloud, a suitable data processing
is significant. In the data processing stage, there are three kinds
of sensor data for each observation layer. A sensor data may be
abnormal in a probe layer, while the others are normal. Then if
we delete the data of this layer, it will cause the normal data to be
deleted. In this situation, we mark the bad data rather than delete
it.

(1) The extraction of the falling stage.
In the initial stage, the launch of the sounding rocket sensor

will produce detection error because of failing to adapt to the
environment and this error usually occurs near the highest point.
Onlywhen the rockets through the highest point and the parachute
opened, the data is valid. Therefore, it is necessary to judge the

point of the falling stage, which is carried out on the basis of the
data scope qualification.

Normally, the pressure change linearly with height in the ver-
tical direction and the highest point of the rocket should be the
lowest point of atmospheric pressure. So the pressure gradient
testing method can be used to judge data in the decline stage.

Taking the sum of five consecutive data points A1 , A2, A3 into
account, shown as Fig. 5, if the data point is empty, then we take
the point behind the empty data. The following is the discussion of
the gradient between A1 , A2, A3.

When A1 > A2, if A2 < A3, then A2 is the lowest pressure
and the midpoint of A2 is the starting point of the descent stage;
if A2 > A3, then the pressure is decreasing, so the data for the
rise phase continues to be looked down. And when A1 < A2, if
A2 < A3, then the pressure is increasing and the value of A1 is the
starting point of the descending phase; if A2 > A3, then there is
non-increasing or non-increment, there are data errors in A2.

If the highest point is not found, the starting point of the value
move one data points backwards and loop operation until the
highest point is found.

(2) Determine the stable point.
When the rocket reaches its highest point, the parachute will

deploy and the rockets radiosonde will start to fall at a constant
speed. At this time, the sensor detection data is stable and effective,
so after finding the descent phase point we should continue to find
stable point. The selection of the stable point is carried out in two
steps.

Find the empirical stability point. First of all, according to the
accuracy of the pressure sensor, we assume that the mean square
deviation of pressure of the adjacent points is 1 hPa and the
difference between two consecutive points is calculated from the
highest point. When the difference between the 10 successive
points is less than 1hPa, the starting point of the continuous point
will be considered as the stable point of the instrument. If the
stable point is not found, though moving down the starting point
and searching for loops, we will set the point as the empirical
stability point. The data sequence is supposed as X0 (i) where i =

1, 2, . . . ,N . And when i = 1 we call the point is the empirical
stability point.

Recount the mean square deviation of the data sequence. Let
k equals to the m times of mean square deviation, the empirical
stability point is regarded as the starting point and we compare
the difference between adjacent points and k. If the value of 10
consecutive points is less than k, then the X0 (i) point is the stable
starting point. If there is a point greater than k, then the starting
point is moved one point backward and so on.

If thewhole data sequence does not find the starting point, then
we increase the k value while reducing the number of continuous
points, in accordance with the above method to do the search.

3.3. Data processing in marine internet of things

As for a large quantity of data in oceanic data system, there
will inevitably be a lot of error data in the system. Therefore, this
paper analyzes and processes the data, and proposes a basic data
processing algorithm.

The steps of the algorithm are shown in Fig. 6.
(1) Initial check.
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Fig. 3. Model of data interaction in marine Internet of Things.

Fig. 4. Working model of sounding rocket.

Table 1
The performance index of each sensor.

Sensor Type Precision Resolution Induction time Detection range

Pressure capacitor 1.0 hPa 0.01 hPa <0.1 s 600–1050 hPa

Temperature Bead thermistor 0.3 0.01 >0.1 s −55–50

Humidity
Humidity capacitance 3% 0.1% <1.0 s 0–100%

polymer

Fig. 5. Schematic diagram of smoothing data.

Since the ship is a navigational observation, it is necessary to
get the common signal in order to record the observation position

and correct element value. In the preprocessing stage, the devices
receive the observed data from the IoT in real time and performop-
erations such as unpacking, error handling and format conversion,
and send the preprocessed data to the subsequent units for further
processing. Besides, when the common signal is input abnormally,
the GPS information and the compass information are lost, so that
the current position information cannot be recorded. Taking the
signal detection from the signal access terminal and the current
common signal comparison into account, we delete this data if the
detection is not normal input.

(2) Mark outliers.
As for the outliers that appear in the data set, this method takes

theway ofmarking. An outlier refers to an extremely unreasonable
data value that deviates from most other data either out of the
range of a device’s measurement or a non-real mutation. There are
more than ten sensors at each observation point of the observation
station to record the data. For an outlier from one sensor, if take
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Table 2
The data exception analysis table of the sounding rocket.

Order Data characteristics Possible reasons

1 Incomplete data Sensor fault
2 Too much data, starting point is Premature launch of

not barometric minimum data transmitter
3 A lot of barometric data is obviously wrong Pressure sensor fault

(for example, P >2000 hPa)
4 The pressure gradient is unstable Rocket fault
5 The data is incomplete Parachute opening failed

a nd the minimum barometric
pressure is greater than 1000 hPa

6 The data is normal but The launch of the
less, and the minimum rocket is not vertical
barometric pressure is too large

7 Incomplete data, or Rocket fault
prompt at the end of the file

8 The air pressure is not increasing Influence of low
sequentially and the data altitude disturbance airflow
acquisition is uneven

9 Humidity value greater than 100% Sensors into the cloud
10 The quality of the is Sea conditions or signal interference

not stable signal interference

the way of deleting data, it is bound to affect the other elements
of this point and make all data of this point to be regarded as
outliers. It is necessary to mark the outliers to avoid spreading to
adjacent sensors, so that the original reasonable observations are
not affected.

The specific approach is setting a reasonable fluctuation value of
observation data elements according to the specific circumstances
of the observation point. So comparing the data with the upper
and lower limits of the reasonable value, the data over the range
of reasonable value as an outlier should be marked. After marking
outliers, there are n data value of an element as Xi (i = 1, 2, 3 · · · n).
And for each element of observation point, the average value is X .
By using a moving average method, the standard deviation can be
expressed as:

Y =

√ N∑
i=1

(Xi − X)2/(N − 1) (8)

According to the set value m, Xi will be considered as an outlier
to be marked if

⏐⏐Xi − X
⏐⏐ > mY .

(3) Consistency check.
In the marine system, the distribution of the elements is di-

vided into vertical and horizontal directions and it is generally
continuous in the vertical direction. Therefore, it is necessary to
detect whether the observed value of different isosurface satisfy
the consistency of the change. Assume that the change of a element
in the vertical direction is linear, the difference between two layers
can be expressed as:

DX =
⏐⏐Xi − Xj

⏐⏐ (9)

Take the wind speed for examples, the difference between two
layers (DX) should set a reasonable value. In this paper, the DX
value is set to two. Then we choose speed value of three layers
on behalf of the bottom, middle and top data, represented as X1i,
X2i, X3i (i = 1, . . . ,M). Through the expression (8), the standard
deviation of the bottom layer and the middle layer is calculated as
the following expression:

Y1 =

√ M∑
i=1

(X1i − X2i)2/(M − 1) (10)

As the sameway, the standard deviation of the bottom layer and
the top layer, the bottom layer and the top layer can be calculated
as Y2, Y3. Then we check the consistency according to the standard

Fig. 6. Frameworks of the data processing method.

deviation. Comparing the standard deviation and the difference of
each point, only when the value of difference is smaller than the
value of standard deviation then the data meets the requirements
of consistency. That is, the data meets the following inequality
group:{

|X1i − X2i| < Y1
|X2i − X3i| < Y2
|X1i − X3i| < Y3

(11)

(4) Regression analysis and interpolation.
Through the analysis of a large number of observation data,

it is found that the detection data from sensor is seriously af-
fected by the environment of hull, such as a layer of temperature,
wind speed data in a certain period of time significantly deviated
from the other two observations. In this situation, the regression
interpolation method is used to deal with the marked outliers.
Supposed that the number of experiment data group is m and
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Fig. 7. Classification diagram according to the angle.

the relationship between each group is linear. According to the
least squares method, the expression of regression function and
measured data can be defined as:

Q (b0,b1, b2) =

m∑
i=1

(yi − (b0 + b1x1 + b2x2))2 (12)

To obtain the minimum value of the above expression (12), the
coefficient should satisfy the following equations:
∂Q
∂b0

= 0,
∂Q
∂b1

= 0,
∂Q
∂b2

= 0 (13)

According the method of solving the regression problem, the
solution to this equation can be calculated. And it is able to get the
regression function by replacing the value of each coefficient. The
regression function is used to fit the data and interpolation.

(5) Regression analysis and interpolation.
Considering the unit time of data collection, take the temper-

ature sensor for example, the unit time is three seconds. But in
actual measurement, the average data per minutes will be more
convenient and effective. According to the data after processing,
the average value of the data except outliers can be calculated.

3.4. Mathematical model of route planning

According to the data transmission and data processing in the
cloud, it is known that the device get the reasonable data. As for
the data of wind speed and flow velocity, they can be widely used
in various aspects. And the complexity of seabed terrain can be
determined by the observation data. Considering the influence
of wind speed and flow velocity, the route of ship will change
compared to the ideal situation. And the complexity of seabed
terrain is also the important factor of route. In this situation, a
mathematicalmodel of route planning based on GPS is proposed in
this paper with the purpose of making the ship on the established
route.

The ocean survey line consists of the main line and the in-
spection line. The definition of tracing planning is searching a
route from the main line to the inspection line. But in practical
applications, for the survey ship, the current problem is finding a
route from the current position to a straight linewith the direction.
Depending on the particular situation, there will be many ways
of route layout. And according to different situations, the way
of route layout is more various and complex. In this paper, the
mathematical model is divided into three situations.

In this model, the following parameters are defined. The start-
ing position of the ship is S and the position of arriving the line
is D. Also the distance between point S and point D is W. In other
word, this model makes a route from S to D with shorter distance.
According to the performance of the ship, the minimum turning

(a) Illustration of 0 < θ < 90.

(b) Illustration of 90 < θ < 180.

(c) Illustration of 180 < θ < 270.

Fig. 8. Illustration of basic model.

radius of the ship is defined as R0. What is more, the angle between
the direction of the ship and the direction of the line is θ .

(1) The Basic situation.
The basic situation is when the distance between the point

S and the point D is small. Under this circumstance, the ship
can go ahead on the line, because it will provide more time and
opportunity to adjust the direction of ship while the ship is in the
actual measurement operation. But considering the situation that
distance between the ship and the line is smaller than R0, the ship
reach the line before thepointD. But fromamodeling point of view,
in order to get a more general case, this critical situation allowed
to consider later. So make the following assumptions:

a. The ship arrive the line as soon and short as possible.
b. The distance between the ship and the line is smaller than

2R0.
c. The distance W is big enough.
Under these assumptions, the basic situation can bedivided into

four parts in consideration of θ , which is shown in Fig. 7. According
to the θ , the ship can directly reach the line when the θ in range of
0 to 270. The route of each situation is show in Fig. 8.

Though comprehensive analysis, the track radius in above con-
ditions can be expressed as:

R = h/(1 − cos θ ), R > R0 (14)

where h represents the distance between the ship and the line.
When theR satisfies the expression (14), the ship can find a suitable
route in Fig. 8. However, it is unacceptable that R is too long. So a
limitation factor and threshold should be added. In this model, the
value of threshold is set to 4R0. Take the θ between 0 and 180 for
example, the expression (14) can be changed as a inequality group
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Fig. 9. Illustration of feasible domain.

Fig. 10. Illustration of the situation that angle is 0.

based on the threshold. It is expressed as:{
θ ≤ arccos(1 − h/R0)
θ ≥ arccos(1 − h/4R0)

(15)

The relationship between h and θ is shown in Fig. 9 According
to Fig. 9, the feasible domain is filled with purple, represented as
γ . When θ is in domain ε, it is necessary to decrease the value of
angle. But the angle is limited by the minimum turning radius R0,
the relationship between h and θ is continuous. The straight line AB
indicates the change qualitatively according to Fig. 9. It is obvious
that the line AB will not go through the feasible domain γ . When
θ is in domain ε, that is the R is bigger than 4R0, the method of
rotation in order to increase the θ is reasonable. As the dotted line
from point C in Fig. 9, the route can go through the feasible domain
γ .

Considering an extreme case where θ = 0, h > 0, the radius
R is infinite according to expression (14). It is necessary to find a
new route for this situation. In this model, the ship will have an
anticlockwise rotation firstly as a result of changing the situation
to the basic situation that θ between 0 and 90. It is be shown in
Fig. 10.

This situation is also suitable for the situation that θ between
270 and 360. The ship only needs to have a clockwise rotation to
make θ equal zero at first. And then the following steps are same
to the situation that θ is zero.

(2) The situation that W is too long.
In this model, take the situation that the W is much bigger

than R0 and h > 2R0 for example, the other situations are based
on this situation. Comparing the route of arriving the line at first,
represented as route SLMD in Fig. 11 and the route of going straight
in the direction to get the nearer point, represented as rout SKMD
in Fig. 11, it is obvious that the distance of SKMD is smaller than
the distance of SLMD. The way of route SKMD is to make the ship

Fig. 11. Illustration of the situation that W is too long.

close to the point D, so that the situation is converted to the basic
situation that is between 0 and 90. It should be noted that the
horizontal distance between the ship and the line-up point needs
to be taken into account in this case. And the horizontal distance
is gradually reduced in the process from the far point to the near
point. It is necessary to arrange that the ship starts going on line
before point D.

(3) The situation that the ship in the upper part of the line.
Based on the situation of the (1) and (2), this model can be

converted to a simple model that divided into two situations ac-
cording to the θ . When the θ is between 0 and 180, the ship can
make a anticlockwise rotation at first and then go straight to get
nearer to the point D, which is shown in Fig. 12(a). As we can see
from the figure, the ship get nearer point E and the situation can
be converted to the basic model. And the situation when the θ

is between 0 and 180 is similar to the above situation. As shown
in Fig. 10(b), the ship make a clockwise rotation and then get
the nearer point E. Above two situations are built in the case of
h > 2R0, it is necessary to discuss the case of h < 2R0. When the
distance between the ship and line is too smaller, the ship cannot
turn around to the line directly. In this model, a route designed
according to the h is shown in Fig. 12. The Fig. 10(c) represent the
situation that the ship is in the upper field of the line but h < 2R0.
Similarly, Fig. 10(d) represent the situation that the ship is in the
bottom field of the line but very close to the line.

In summary, the mathematical model of route planning is pro-
posed to solve the most situations in the route planning problem.
After analysis and verification, the model is suitable and reason-
able. But the model does not take into account all the critical
situation, resulting in appearing some problem in the actual travel
of the ship. And take the factor that influence the route of ship into
account, such as wind speed and flow velocity, it is necessary to
build a correction method to reduce the impact of these factors.
The value of these factors can be collected from various kinds
of sensors. The ship can get the data value finally through data
transmission and data processing. According to the value of wind



Please cite this article in press as: J. Yang, et al., Marine surveying and mapping system based on Cloud Computing and Internet of Things, Future Generation Computer
Systems (2018), https://doi.org/10.1016/j.future.2018.02.032.

J. Yang et al. / Future Generation Computer Systems ( ) – 9

(a) Anticlockwise rotation, h > 2R0 . (b) Clockwise rotation, h > 2R0 .

(c) R0 < h < 2R0 . (d) S is near to the line, h < 2R0 .

Fig. 12. Illustration of the situation that ship is above on the line.

speed and flow velocity, the ship can reduce the impact through
existing correction algorithms.

4. Experimental result

In this paper, the data such as pressure, temperature and wind
speed received directly by the ground receiving equipment with-
out any manual or computer automatic quality control are stored
in the original database. The raw data is observed for real-time
storage. At the same time, sounding and wind-measuring data
within the first 5 min are stored and the data storage format and
content are standardized according to the measurement require-
ments. When the measurement is finished, the basic data files are
converted from observed raw data into meteorological elements
and stored together with the basic parameters of the station, the
merit determination and instantaneous ground meteorological el-
ement values. After the quality control, the methods remove the
obvious error value, fit the curve and smooth the curve according
to the normal trend of the data curve. The required parameters and
data storage format in the above process are in accordancewith the
unified meteorological standards.

The real-time processing of ocean data is implemented onmini-
computers that are equipped with radars. Because minicomputers

have small memory capacity and low computational speed, they
cannot process sounding data with high code rate and data cannot
be saved in time. Then the post-processing requiresmanual typing,
which makes it difficult for subsequent analysis and research. To
overcome the drawbacks of early processing systems, by using the
data collection and processing of distributed dual processing ap-
proach (that is, the use of single-chip data acquisition, AT machine
to do real-time processing), we can get the completemeasurement
data and curve. In recent years, the processing of oceanic data has
achieved rapid development. Although various processing systems
have perfect functions, their versatility is not broad and the reason
is that different projects have different requirements for loading,
processing data and formatting. In order to solve these problems,
based on the models and the algorithms section3 proposed, we
proposed a Marine Surveying and Mapping System via Cloud and
IoT. In this model, the scale of data collection is improved through
the interaction and data transmission of multi-sensor based on
IoT, and the coupling between different types of data is also en-
hanced. What is more, the data processing algorithm based on
cloud computing improves the storage capacity and the operation
speed. And we also proposed a model of route planning according
to the processed data. The comparison of different data processing
methods is shown in Table 3.
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Table 3
Comparison of data processing methods.

Minicomputer Distributed dual Computer real-time Processing via
processing processing processing Cloud and IoT

Memory capacity Small Middle Middle Large
Calculating speed Low Middle Middle High
Reliability General General More Most
Security Small Middle High High
Sharing Low Middle Middle High
Maintainability General General More Most

Table 4
Raw data of wind speed.

Order Direction (deg) Speed (m/s) Altitude (m)

1 329.0 2.80 35.0
2 330.3 2.93 39.5
. . . . . . . . . . . .
29 341.2 4.85 149.5
30 340.8 4.84 153.0
31 340.5 4.74 157.6
32 340.3 4.84 156.3
33 339.9 4.84 159.4
. . . . . . . . . . . .
90 7.6 5.02 394.5
91 7.9 5.12 398.7
92 8.1 5.76 401.0
93 8.3 5.23 402.9
93 8.8 5.35 407.0
. . . . . . . . . . . .
104 15.9 6.34 445.8
105 16.3 6.42 450.0
. . . . . . . . . . . .

Table 5
Processed data of wind speed.

Order Direction (deg) Speed (m/s) Altitude (m)

1 329.0 2.80 35.0
2 330.3 2.93 39.5
. . . . . . . . . . . .
29 341.2 4.85 149.5
30 340.8 4.84 153.0
31 340.3 4.84 156.3
32 339.9 4.84 159.4
. . . . . . . . . . . .
89 7.6 5.02 394.5
90 7.9 5.12 398.7
91 8.3 5.23 402.9
92 8.8 5.35 407.0
. . . . . . . . . . . .
102 15.9 6.34 445.8
103 16.3 6.42 450.0
. . . . . . . . . . . .

Based on the models and the algorithms section3 proposed,
marine surveying andmapping system contains threemajor steps.
Data interaction of various sensors and data transmission is the
first step. Then data processing of the raw data is important. The
system will plan route according to the processed data. In the
experiment, in order to prove that the proposed data processing
algorithm has a good optimization effect, we take the data from
actual measurement into account. Through the experimental sim-
ulation to evaluate the feasibility of the proposedmethods, take the
particularity of the experiment into account,we choose the param-
eter such as smoothness, reliability, accuracy and adaptability to
evaluate the proposedmethods. Take two groups data for example,
the first group data of wind speed is shown in Table 4.

According to the proposed algorithm, we use computer for
programming to verify the feasibility of the algorithm and draw
the image according to the raw data and the processed data. And
the processed data is shown in Table 5. The Fig. 13 shows the graph
of the data before processing and after progressing.

Table 6
Raw data of temperature.

Order Temperature (◦C) Altitude (m)

1 11.47 35.0
2 11.11 39.5
. . . . . . . . .
65 9.41 293.2
66 9.40 297.1
67 9.39 300.4
68 9.37 301.1
69 9.35 305.1
. . . . . . . . .
89 9.05 394.5
90 9.04 398.7
91 8.92 401.1
92 9.02 402.9
. . . . . . . . .
105 8.62 445.8
106 8.60 450.0
. . . . . . . . .

Table 7
Processed data of temperature.

Order Temperature (◦C) Altitude (m)

1 11.47 35.0
2 11.11 39.5
. . . . . . . . .
65 9.41 293.2
66 9.40 297.1
67 9.37 301.1
68 9.35 305.1
. . . . . . . . .
88 9.05 394.5
89 9.04 398.7
90 9.02 402.9
. . . . . . . . .
103 8.62 445.8
104 8.60 450.0
. . . . . . . . .

In Fig. 13, the difference between the curve of raw data and the
curve of processed data is obvious. As for the curve of raw data, it is
obvious that the curve have catastrophe points. After data process-
ing based on proposed algorithm, the curve is smoother and the
catastrophe points are removed. Also through themethod of curve
fitting and interpolation in this algorithm, the new interpolation
point is added into the curve according to the density of the data.
While the data distribution is dense, the algorithm will delete the
outlier value rather than add an interpolation point into the curve.

In order to verify the algorithm more convincingly, we choose
the second group of temperature data from temperature sensor.
The group of raw data is shown in Table 6 and the processed
temperature data is shown in Table 7. As the same way as above
mentioned, the curves of the raw data and the processed data are
shown in Fig. 14. The curve of raw data is represented in blue and
the curve of processed data is represented in red. It is obvious that
the red curve removes the catastrophe point and make the curve
smoother.
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Fig. 13. The curve of wind speed data before and after processing.

Fig. 14. Comparison of the temperature data before and after processing.

5. Conclusion

With the rapid development of the IoT, the application of IoT in
the ocean will get a high degree of concern.

In this paper, we build a simple model of Cloud Computing
and IoT with data interaction of multi-sensors and transmission
to the cloud in the marine field. This simple model can represent
the relationship of each sensor and the way of transmitting data
information to the receiving terminal and the cloud. According
to the big data from various kinds of sensors, we propose a data
processing algorithm that can remove the outliers and add inter-
polation while the data distribution is loose. In order to verify the
algorithm, we discuss the perspective of data processing algorithm
and verify the feasibility of the proposed algorithm by comparing
the image of rawdata and the processed data. And the experiments
show that the algorithm can improve the accuracy of data. Based
on the processed data, we propose a mathematical model of route
planning. The model can make the ship go to the destination
more effective and plays a important role in the route layout. This
proposed model can solve most situations in actual measurement
except some critical situations.

The research work of this paper provides algorithm in marine
data processing and a model in route planning, but there is still
a lot of room for improvement. For example, the data processing
algorithm is a basic method and the mathematical model of route
planning is a hypothesis that ignore some critical situations. In the
future, we will improve the data processing algorithm in ocean big
data and add more influence factor and critical situations into the
model, and gradually improve our research work.
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