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potential is huge [6].
The existing monitoring methods of aquaculture
environment include: monitoring station, sea anchorage buoy,
underwater observation platform, etc.However, these methods
can only solve the problems such as fixed point detection,
cross-section or profile detection of certain areas, and the cost
of comprehensive monitoring of large areas is very high.With
the development of the society, the aquaculture areas need to
be monitored more and more, and the traditional fixed-point
environmental monitoring means can not meet the needs of
modern aquaculture.
For the above analysis, an environment monitoring
system based on spherical amphibious robots is proposed,
which is used for environmental monitoring and safety
inspection in aquaculture environment. The robot carries
temperature and humidity sensors, pressure sensors and high
definition cameras. It is used to monitor the temperature,
humidity level and underwater fish information in the
aquaculture environment [7]. Aiming at different fish
communities living in different depths, the proportionalintegral-derivative(PID) controller is designed to achieve
underwater deep location observation [8] [9].

Abstract -A wireless mobile environmental monitoring
system based on spherical amphibious robots is proposed in this
paper, which is used to monitor environmental data in
aquaculture.The control interface is designed by using labVIEW
to display the collected environmental data.The XBee module is
used to realize the wireless communication between robot and
PC. The robot is equipped with temperature and humidity
sensors, pressure sensors and high-definition cameras to collect
environmental information. An adaptive weighted fusion
algorithm is proposed for deal with the multi source data
collected by multiple robots and improve the accuracy of data.In
this paper, the underwater kinematic model of amphibious robot
is established, and the proportional-integral-derivative(PID)
controller is designed to control the depth of spherical
amphibious robot. The simulation and experimental results
verified the effectiveness of the system.
Index terms - Spherical amphibious robot,Environmental
monitoring ,LabVIEW, XBee module,PID

I. INTRODUCTION
The marine countries in the world pay more and more
attention to marine resources, thus promoting the rapid
development of the underwater vehicle.At first, underwater
robots were used in military, scientific research and salvage1
[1] [2].In recent years, underwater robots have begun to rise in
environmental monitoring [3] [4].At present, aquaculture is
facing a lot of serious problems. From sowing to harvesting,
from environmental monitoring to environmental adjustment,
a large number of manpower are needed, and the original tools
are also used. For aquaculture, it is not only labor intensive,
low production efficiency, but also has high risk. Underwater
robot technology can help fishermen solve these problems
easily.
DTX2 ROV is an underwater remote control robot
developed by DEEP TREEKER of Canada. It is equipped with
a pitch photography system, which is mainly used for
underwater observation in aquaculture environment [5].The
PoseidonI underwater monitoring robot, developed by
Geneinno, is used for the examination of aquaculture nets and
can complete a safety inspection of more than 260 mu of water
within a few hours.The PowerDolphin unmanned underwater
robot, which is on display at CES2018, can be used to search
underwater fish groups.So far, robots have not been widely
used in Marine fisheries and are still in their infancy, so the
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II. STRUCTURE DESIGN FOR THE ENVIRONMENT MONITORING
SYSTEM
The system uses a amphibious spherical robot as the
monitoring platform [10]. Fig.1 is the 3D model of a spherical
robot.The amphibious robot can not only achieve the crawling
movement on land, but also can complete the forward and
backward movements in the water body, the upward and
downward movement, and the rotation.Underwater motion of
the robot is realized through the reverse jet of the water-jet
thruster.Compared with the propeller propulsion mode, the
noise is smaller, which greatly reduces the interference to the
fish.
The overall structure of the environmental monitoring
system is shown in Fig.2.The system uses multi spherical
amphibious robot cooperative work mode to monitor the
aquaculture sea area which needs environmental
monitoring.The communication between robots is based on
ZigBee XBee wireless communication module, which can
realize full coverage environmental monitoring in aquaculture
waters [11].Depending on the amphibious, miniaturized and
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Fig. 3 MS5837-30BA pressure transducer

are briefly describing as follow:
a. Supply voltage: DC 1.5~3.6V
b. Pressure range: 0~30bar
c. Output :I2C
Besides,the spherical amphibious robot is loaded with
video acquisition module, which is used for robot peripheral
environment image acquisition[13].

Fig.1 The 3D model of a spherical amphibious robot

flexible characteristics of the robot,it can reach the narrow and
closed space for environmental monitoring. All kinds of
sensors carried by the robot can feed the collected
environmental data to the central monitoring room in
time.After analyzing these environmental information, the
fishermen can adjust the aquaculture area according to the
actual demand.

III. DESIGN FOR A SPHERICAL AMPHIBIOUS ROBOT MONITORING
SYSTEM

In order to replace the traditional fixed-point environment
monitoring method, this paper puts forward the wireless
environment monitoring system of amphibious robots. The
system uses LabVIEW development environment to design
the detection and control interface of upper computer [14]. It
not only controls the movement of robot, but also displays the
data information collected by robot in real time.In addition,
the PID controller is designed for deep positioning and
observation of fish in different depths.

A. The micro-controller of spherical amphibious robot
In this control system, STM32F103RB is used as the
main controller of the robot, and the core of this control
system is Cortex-M3. The chip has the advantages of high
performance price ratio and can be applied to many occasions.
The chip integrates the functions of timer, digital mode
conversion and multiple protocol communication [12].

A．The PC control interface
The central monitoring computer control interface is
based on the LabVIEW 2014 graphical programming
development platform. The operation can control the system
operation through a friendly graphical interface and graphical
programming language, and complete the acquisition of
control signals and the analysis of the output signals[15].The
LabVIEW control panel designed by the system is shown in
Fig 4, which can control the movement and data display of the
robot.

B.

Selection of sensors
Considering the accurate grasp of the environment
temperature and humidity of the robot, SHT10 is chosen as the
environmental temperature and humidity sensor of the
robot.SHT10 uses two wire serial interface for data
transmission, with small volume, low power consumption and
high sensitivity.The performance indicators of SHT10 are
shown in Table 1.
In this study, the pressure transducer MS5837-30BA is
used to detect the depth of the robot. Fig. 3 shows the photo of
the pressure transducer. The resolution of water depth
measurement is as high as 2 mm .The MS5837-30BA pressure
sensor can cooperate with all kinds of micro controllers. The
communication protocol is very simple, without modifying the
internal registers.The specifications of the pressure transducer

B．Fusion algorithm for processing multi source data
In order to improve the accuracy of data collected by
multi-robots, an adaptive weighted fusion algorithm is
proposed in this paper, which is mainly to fuse multi-source
data from similar sensors and exclude the inaccuracy and
TABLE I
THE PERFORMANCE INDICATORS OF SHT10

Power supply

2.4~5.5VDC

The response
time
Measuring range

4s~8s

Resolution ratio
Accuracy
Fig. 2 The system structure diagram
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Temperature：
-40~123℃

Humidity：
0~100％

Temperature：
14bit
Temperature：
±0.5℃

Humidity：
12bit
Humidity：
±4％（25℃）

Fig. 4 The Control system based on LabVIEW

limitations of single sensor measurement results. The adaptive
precision without prior knowledge. It only needs the measured
data of sensors, and the minimum mean square error can be
obtained, and the estimated mean square error is less than the
mean square error of a single sensor. The adaptive weighted
fusion improves the precision of the system to a certain extent
and ensures the timeliness of the data [16] [17]. Adaptive
weighted fusion algorithm model as shown in Fig.5.
Suppose the variance of
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The above estimation is based on the measurement value
of each sensor at a certain time. When the true value of X is
constant, it can be estimated by using the historical data of
each sensor, which can improve the accuracy of estimation.
Assuming that the number r sensor is measured k times, its
minimum mean square error as follows:
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weighting factors after the weighted fusion are satisfied:
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quadratic function. according to the theory of multivariate
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It is known from Formula (3) that the total mean square error
of the sensor needs to be minimized if the output precision of

the true value to estimate is X, the measured values of the
m sensors are X 1 , X 2 and X m respectively. The measured
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must be less than

, and that σ
is inversely proportional to σ min . In
order to get the robot's accurate environmental parameters, the
robot carries three sets of temperature and humidity sensors,
and adaptively weighted fusion algorithm is applied to data
processing in data processing.
2
min

2

C．Depth detection and depth positioning
In this study, the pressure transducer (MS5837-30BA) is

Fig.5 Adaptive weighted fusion algorithm model
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used to detect the depth of the robot. The pressure at depth h
is
Ph = P0 + ρgh .
(7)
Where P0 is pressure acting on surface,

ρ is the density of

water, and g is the acceleration of gravity. The pressure
measured by a pressure sensor will be able to know the
underwater depth of the robot.
In order for the robot to reach the specified depth for
environmental measurement, we designed a PID controller to
realize the depth positioning.States of the underwater robot
will be measured from gyro sensor and pressure sensor.The
block diagram of the PID control scheme for the underwater
robot is shown in Fig.6. In order to realize the accurate control
of the robot, precise control of 6 DOF is necessary [18].
Before the definition of 6 DOF, we set up a earth fixed
coordinate frame G-XYZ and a moving coordinate frame Oxyz of robot as shown in Fig.7.
As shown in Table 2, the 6 DOF are defined accoring to
the movement and rotation of 3 axes in the frame Oxyz.When the robot moves, the velocity, acceleration and
direction of movement are only controlled through the driving
force produced by its own driving device.But the velocity and
acceleration obtained by itself are respect to moving
coordinate frame O-xyz, not the earth coordinate frame GXYZ. So the coordinate transformation relation should be
determined to obtain the motion state with respect to the earth
frame. Finally the origin point O and G are coincident by
cubic orthogonal rotation with the yaw angleψ ,pitch angle

θ

and roll angle

Fig.7 Coordinate frame G-XYZ and O-xyz

and orientation of the underwater robot in earth fixed
coordinate frame, M , C , and D are inertia matrix,
Coriolis and centripetal matrix, and hydrodynamic damping
matrix, g is the gravity, τ is the thruster force vector.
The depth positions h of the underwater robot are
measured using pressure sensor. The state error of the depth
positions are defined as：
e(t ) = hs (t ) − h(t ) .
（10）
where

depth position of the underwater robot. The object of this
paper is that for any states of the underwater robot, PID
controller is designed such that the underwater robot will be
station keeping in setting depth position. The action of PID
controller is described by equation in discrete form:

φ . The conversion relation can be expressed

τ PID (t ) = K p e(t ) + K d

as：

 X  cψcθ cψsθsφ − sψcφ cψsθcφ + sψsφ   x 
Y  =  sψcθ sψsθsφ + cψcφ sψsθcφ − cψsφ   y  . （8）
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[

t
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are positive constant. Control input (11) of the water-jet
thruster is attached to the underwater robot system (9).The
system error asymptotically reduces to zero the underwater
robot is station-keeping on the setting depth position.
IV. EXPERIMENTS AND RESULTS
In order to verify the effectiveness of the system, the
temperature and humidity testing experiments on land have
been completed. The experimental environment is shown in
Fig.8. The whole laboratory is done in a closed room, and we
use the air conditioning to set the actual temperature in the
room. We chose five time nodes to set five different
temperature values，the set values are 26℃, 21℃, 10℃, 28℃,
16℃, respectively. Then the spherical amphibious robot

（9）

]T

where v = u ,ν , w, p, q, r is moving coordinate fixed
linear and angular velocity vector of the robot in the
coordinate fixed frame, η

de(t )
+ K i  e(t )dt .
dt
t0

where τ PID (t ) is control signal of thruster. K P , K d ,and K i

In (8), c = cos, s = sin .By analyzing the force of the
spherical amphibious robot, the 6 DOF space motion equation
can be obtained:

Mv + C (v)v + D (v)v + g (η ) = τ .

hs (t ) s is setting depth position and h(t ) is current

= [x, y, z , φ , θ ,ψ ] are position
T

TABLE II
THE PARAMETERS OF THE COORDINATE FRAME

Fig. 6. Block diagram of the PID control scheme
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Fig.10 The comparison results

was used to detect the temperature of these time nodes, and
the temperature and humidity test results were shown in Fig.
9. From the experimental results, it can be seen that the indoor
humidity has little change, basically maintained at around
35％. The temperature of each time node detected by robot is
basically consistent with the set temperature.
In this paper, an adaptive weighted fusion algorithm is
proposed to deal with the multi-source data of the same kind
of sensor. In order to verify the effectiveness of the algorithm,
we compare the temperature data processed by the algorithm
with the temperature data measured by a single robot and the
actual temperature values. The comparison results are shown
in Fig.10 .T 1 represents the actual temperature set, T 2
represents the temperature after the algorithm is processed,
and T 3 represents the temperature measured by a single.It can
be seen from the contrast results that the temperature data
processed by the algorithm are more close to the actual
value.The error analysis results are shown in Fig. 11.
The experimental results show that the adaptive weighted
fusion algorithm can improve the accuracy of the data to a
certain extent.
In addition, in order to realize the underwater depth
detection and localization, we design a PID controller, the
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Fig.11 The temperature error comparison graph
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Fig.8 The Robot temperature detection environment
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Fig.12 The position response in the simulation environment

underwater robot through the pressure sensor readout own
water depth, and then subtract with the set water depth. The
PID controller will control the amount sent to the drive
module to control the depth, so as to realize the underwater
robot depth control.In order to verify the effectiveness of the
system, we have completed the simulation experiment. We set
the underwater depth of 1 m , the control parameters are

0

Time(h)

Fig.9 The temperature and humidity test results
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Fig.13 The actual position response

K P =4.21, K i =1.24, K d =0.11, and the simulation results
are shown in Fig. 12. In the actual system, we set the
swimming pool as the test environment, set the depth of water
1 m , adjust the control parameters, the location response
collected through LabVIEW is shown in Fig.13.From the
simulation results, we can see that this represents an ideal
situation. After a shock, the system can quickly reach the
stable state and stabilize at the set position depth. In the actual
system, the drop speed of the robot is faster because of the
action of gravity in the first few seconds. With the increase of
depth, the buoyancy begins to increase and the drop speed
decreases.We know that the robot is by changing direction of
the water-jet thruster to adjust the depth of the robot, due to
time delay, the system has been in a state of shock, but the
basic can maintain position in setting depth. Experimental
results illustrates that can approach setting position and
station-keeping. One can find that the proposed PID controller
can successfully realize the station keeping of the underwater
robot.
V. CONCLUSION AND FUTURE WORK
A wireless mobile environment detection system based on
amphibious robots was proposed in this paper, which was
mainly used for environmental monitoring of aquaculture,
such as temperature, water level, scene picture ,etc. A control
system based on LabVIEW was designed for display the
scene and environmental parameters of the monitored
environment in real time.An adaptive weighted fusion
algorithm was proposed for deal with the multi source data
collected by multiple robots and improve the accuracy of
data.In order to track and observe fish in different depths, a
PID controller was designed to control the underwater
positioning of amphibious robots.The temperature contrast
experiments verified the effectiveness of the adaptive
weighted fusion algorithm.The underwater positioning
experiment and simulation results verified the effectiveness of
the PID controller.
In the future research work, we will carry more sensors
on the robot to realize more kinds of environmental data
monitoring. Such as pH, dissolved oxygen, etc.
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