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Abstract

This article takes the open-frame sea cucumber fishing ROV as the research object, and
simulates the calculation selection and layout scheme design of the robot's thrusters, as
well as the design of the main frame and external structure, to verify the reliability of the
robots operation under the above working conditions. Through simulation and
experiments, the rationality of the robot structure, the stability of the control system,
and the availability of sea cucumber fishing have been fully verified.
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1. Introduction

The development and utilization of marine resources play an extremely important role in the global
economic development of countries. With the implementation and gradual deepening of China's
ocean development strategy in recent years, the exploration of ocean operation technology and ocean
equipment has become increasingly important. As an important component of ocean equipment,
underwater robots have become one of the hotspots of scientific research today. Underwater robots
are mainly composed of manned and unmanned underwater vehicles, which are also composed of
AUV (Autonomous Underwater Vehicle), ROV (Remote Operated Vehicle), and ARV (Autonomous
and Remote Operated Vehicle) [2,3]. AUVs can achieve deep submergence with strong autonomy.
Based on the characteristics of AUVs, they are mainly used to complete complex tasks in the deep
sea [4]; ROV greatly improves its decision-making ability and level through real-time human-
computer interaction; ARV is a combination of AUV and ROV, with two modes: remote control and
autonomous. At present, ROV has been widely used in many fields such as underwater mining, ship
cleaning, pipeline monitoring, etc. Although the research and application of underwater robots have
become increasingly mature and have achieved significant results in various industries [5,6], there
are still limitations in the application of offshore marine ranching aquaculture. The development of
marine biological fishing type ROV has laid the foundation for the development of marine ranching
and the improvement of its intelligence and automation level.

As a kind of marine product with important economic value, the demand of sea urchin has been
increasing greatly, but at present, there is a serious shortage of mechanized and automatic equipment
in the harvesting of sea urchin industry. There are two dormant periods for the marine ginseng
cultivated in China each year, and the fishing is mainly conducted in autumn and spring. At present,
the marine ginseng is mainly fished by the professional fishing personnel. When they are working,
they need to wear an oxygen mask and go down the sea with heavy lead to collect the marine ginseng
one by one. Frequent floating and diving in cold seabed operation will cause serious occupational
disease to the practitioner. Therefore, the practitioners of seafood aquaculture have been expecting
the scientific researchers to research and develop the automatic harvesting equipment [7]. In this
paper, the open rack ROV is taken as the basic type to design and research the sea-fishing robot.
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1.1 Overall Design Related Methods

In the process of design, firstly, the applicable scenes, operation characteristics and other factors shall
be considered as a whole. Secondly, in order to ensure the stability of underwater operation, the
selection of sub-components, strength and buoyancy state of core components shall be
comprehensively considered in the structural design stage. In the actual design stage, iterative
iteration and optimization shall be carried out to finally determine the structural scheme. On the basis
of type selection and design of each sub-component, the overall outline structure and overall
dimensions are determined, and the virtual prototype model is further established according to the
overall performance index. On this basis, the overall structure and core component strength are
checked to meet the stability requirements, and finally the structural design is completed.

1.2 Main Functions and Indicators of Structural Design

In consideration of the living environment of the sea urchin and the working conditions of the fishing
robot, the designed sea urchin fishing robot shall be light and small in weight, with the mother ship
as the surface motion carrier, and the battery as the power source during underwater operation, which
can realize long-time underwater operation. The image is transmitted to the control end of the mother
ship by the underwater camera head through the TRVVP high-flexible shielding mother cable [§],
and its main functions are as follows:

(1)Be able to complete underwater search and fishing tasks through the control of the control terminal
of the mother ship;

(2)Stable and high-performance underwater movement and stable fishing operation;
(3)Dual field of view underwater image transmission.

The main design indexes of the fishing robot are as follows:

(1) Working depth:0-50m;

(2)Weight of complete machine:<15kg;

(3)Volume of complete machine:withinS00mmx=500mmx=500mm;

(4)Fishing volume per time:>5kg;

(5)Speed of movement:Direct flight>2kt;Lifting>1.5kt;

(6)Steering speed:>120°/s;

(7)Duration of flight:>6h.

2. Design Software

Computer aided design software for constructing 3D models should be better Strong 3D modeling
function and surface modeling function. In mechanica three-dimensional entity building Soliworks is
the most widely used software.

Soliworks is a set of mechanical design automation software, used by users Widely used in machinery,
automobile and aviation and other fields. Software in Soliworks There are three modules, namely
parts, assembly and engineering drawing, among which "Parts" Modules include sketch design, parts
design [9], surface design, sheet metal design and die With design, etc.

3. External Structure Design

Based on the overall design index and the open-rack shape structure, the designed sea-fishing robot
uses the propeller propeller as the power actuator to complete the sea-fishing through suction. The
main dimensions of the body are shown in Table 1.
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Table 1. Main Dimensions of Sea Cucumber Fishing Robot

Dimensions Numerical Value
Body Length (mm) 450
Body Width (mm) 420
Body Height (mm) 450
Overall Quality (kg) 14
Cruising Speed (kt) 1-2

The whole structure of the sea-fishing robot is composed of various functional sub-modules, mainly
including main frame, buoyancy module, suction module, power propulsion module, lighting and
camera module, electronic sealed cabin, etc. The main frame provides effective space for the layout
of each module; Buoyancy module is responsible for reducing the power consumption of the robot
through buoyancy matching; The suction module realizes the fishing and storage function of sea
urchin; The power propulsion module takes the propeller as the carrier to provide the propulsion force
for the search and fishing of the submarine sea urchin of the sea urchin fishing robot; The illumination
and camera module realizes the acquisition of underwater images through LED illumination
compensation and underwater high-sensitivity camera; The electronic sealed cabin provides the
underwater sealed space for the core control system of the sea-fishing robot. The overall structure is
shown in Figure 1. The components constituting each module are composed of main frame, buoyancy
material, electronic sealed cabin, suction assembly, fixed port, water pump, propeller, camera module,
lighting module, suction and drainage channel, guide chute and bottom support leg.

Figure 1. Overall Structure Diagram of Sea Cucumber Fishing Robot

4. Design of Main Frame

The main frame of the sea-fishing robot not only provides an effective space for the layout of each
module, but also requires it to have a certain structural strength and stiffness, so as to ensure long-
term good stability under the condition of bearing each module component. On this basis, it also
needs to have a certain anti-collision performance, further providing safety guarantee for the
underwater stable operation of the sea-fishing robot. In addition, considering the energy consumption
of the sea-fishing robot, the main frame design shall minimize the mass based on the advantages of
convenient disassembly, maintenance and easy loading of non-standard components.
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4.1 Material Selection

During the operation process, it is not only required to complete the fishing and storage tasks of the
sea urchin, but also have high mobility and flexibility, so as to reduce the energy consumption during
the operation process. These requirements determine that the main frame should maximize its
structural strength and stability while maintaining light weight. At present, the materials commonly
used for the main frame of open-rack underwater robot include aluminum alloy, high-strength steel,

titanium alloy and non-metallic materials. The comparison of material properties is shown in Table
2.

Table 2. Material Properties Comparison Table

Material Density (g/cm?) Modulus of elasticity (GPa) Water absorption rate
Aluminum alloy 2.75 70 0
High-strength steel 7.85 200 0
Titanium alloy 451 110 0
Polypropylene 0.9 0.89 0.02%
HDPE 0.95 0.94 0.01%
Nylon PA 1.12 1.07 1%

For this design, in order to reduce the overall mass, while considering the load capacity of the body,
the main frame material is non-metallic. Through the comparison of polypropylene, HDPE and nylon
PA, it can be seen that the three have a certain water absorption, and have the same ability to resist
elastic deformation, while HDPE has a relatively low water absorption, so HDPE is selected as the
main frame material in this design.

4.2 Structure Design

The Sea Cucumber Fishing Robot belongs to the operational underwater robot. Although this design
is a small underwater robot, considering the non-standard composition of its modules, the frame is
designed as an open frame, and the whole frame is designed as a plug-in type, which is completed by
building blocks. The main frame is composed of upper baffle plate, left side plate, right side plate,
middle tray, bottom baffle plate, extraction base plate, guide chute and handle. 6mm lock bolts are
used as fasteners at the joint of each part. Meanwhile, square holes for storing nuts are set at the joint
to avoid affecting the overall aesthetics due to the use of bolts in a large range. The main frame
structure is shown in Figure 2.

Figure 2. The main frame structure
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The upper baffle is mainly used to support and fix buoyancy materials and electronic sealed cabin,
and openings are provided on both sides to facilitate the propeller propeller to achieve effective thrust;
The left and right side plates are fixed with two propeller propellers for lifting movement, and the
overall lateral movement is limited at the same time. Four handles are installed on both sides of the
side plate to facilitate the handling of the robot and provide lifting support when the hull of the mother
ship is relatively high; Four propeller thrusters are fixed at the lower end of the middle tray on both
sides, and two LED lighting modules are installed on the upper side; The suction assembly, water
pump and guide chute are fixed on the bottom baffle and the extraction base plate.

5. Prototype Production and Experiments

On the basis of completing structural design, dynamic modeling, and control system research, it is
necessary to manufacture and assemble each module of the design to form a physical prototype. The
rationality of the overall design is further verified through performance evaluation and related
experiments of the prototype. The following will provide relevant explanations on the prototype
production of sea cucumber fishing robots, and prepare for experiments through air tightness checks
and other operations. Finally, water motion experiments and sea cucumber fishing experiments will
be conducted for water experiments.

5.1 Prototype Manufacturing and Assembly

When making the prototype, the first step is to complete the production of the main frame. In this
design, the main frame is laser cut using HDPE material plates, which has high accuracy and low cost;
Choose pine wood as the buoyancy material and entrust relevant processing companies to cut and
polish for production; The shell of the lighting lamp and the electronic sealing compartment are made
of PMMA material and processed through laser cutting. For the board of the sea cucumber basket,
acrylic professional glue is chosen to complete the bonding and forming process. In addition to the
above components, the overall force on other components is relatively small, and the structure is
relatively complex except for the guide chute. Based on the principles of convenient processing and
low cost, 3D printing is used for production. Figure 3 shows the physical structure of the robot as a
whole.

Figure 3. Physical diagram of the overall structure of the robot

5.2 Air Tightness Inspection

Before conducting underwater experiments, the sea cucumber fishing robot needs to conduct air
tightness testing on the electronic sealed cabin to ensure the safety of the electronic components inside
the cabin. To conduct airtightness testing for the robot, the cabin gas is extracted to achieve a near
vacuum state. The cabin remains stationary for 20 minutes, and if the value is still within the range
of 14-15 inches of Hg, a 50m deep dive can be achieved. The detected value reaches 14.8 inches of
Hg, which meets the experimental conditions.
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5.3 Fishing Experiment

For the underwater fishing experiment of robot, considering the cost problem, the self-purchased
model of sea urchin is used to replace the real sea urchin, and at the same time, the model adopts
large, medium and small types for the experiment. The purchased model is denser than the real one,
but the extra mass can offset the grip of the real one, so it basically has the effect of real simulation.
The images are acquired by the front window camera and the bottom camera module after the
submarine ginseng fishing robot is launched, and the images are transmitted to the PC at the same
time. Figure 4 and Figure 5 show the images acquired by the front window camera and the bottom
camera module respectively.

Figure 5. Bottom camera image acquisition

The whole field of view is acquired through the front window camera, the robot is controlled to move
to the vicinity of the sea urchin, and the local field of view is acquired through the bottom camera
module. After the suction port is moved above the sea urchin, the water pump is controlled to catch
the sea urchin, and the robot is moved to the land after the fishing is completed. The experiment
shows that the robot has the ability to catch seawater, but the water pump suction is poor. Although
some large size and large quality seawater can complete the fishing, there is a certain difficulty in
absorbing, which affects the overall fishing efficiency.

6. Conclusion

Based on the scheme design and performance index, the structure design of the sea-fishing robot is
carried out in this paper. The robot has the following characteristics: (1) Light weight and good
production process. (2) Frame shape design, low production cost and short production cycle. (3) Good
dynamic stability. Firstly, the form selection and the overall structure are introduced in detail. Based
on this, the main frame of the fishing robot is designed, and the material comparison and selection
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are carried out to ensure the reliability and safety of the structure. The underwater motion performance
and fishing efficiency of the robot were tested through the motion experiment and the experiment.
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