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Abstract— Internet of Things (IoT) is a concept defined as 
communication networks in which objects are linked to each 
other or to other systems. Today, IOT systems used in 
applications in various industries are spreading day by day. IoT 
systems also have a potential for vehicles such as underwater 
robots and underwater diving equipment. Underwater vehicles 
can be used in hazardous depths, shipwrecks, pollution analysis 
and many other areas. In relatively low-budget systems, 
efficiency may decline as underwater systems do not have the 
necessary modular structure in situations where underwater 
activities vary. The underwater vehicles on the market usually 
have camera, depth and compass sensors mounted in a water 
resistant housing. However, it is not possible to add new 
additional modules to these tools. For example, it does not allow a 
second or third camera connection to the underwater vehicle via 
the same communication system. Besides, the control of these 
systems can not be done at distances. In order to solve this 
problem, it is necessary to design communication equipment and 
protocol instead of traditional underwater communication 
systems. After doing some comparisons among the 
communication interfaces, IP based protocol is preferred to 
define the system. Thus, all the devices on the system are 
provided with data streaming via Ethernet without adding extra 
cables. As a result of this work, the increasingly popular "IOT" 
is adapted to an underwater system. 
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I.  INTRODUCTION  
Today, the Internet is used not only for people to 

communicate with each other, but also used for communication 
between the physical objects with the development of Internet 
technologies. The Internet of objects is defined as the Internet 
of Things (IoT), meaning the communication networks in 
which objects are linked to each other or to other systems. Over 
the years, systems involving IOT have become widespread and 
have found themselves in different industries [1]. These 
systems not only include applications such as industrial 
production and efficiency enhancement, but also a potential for 

underwater vehicles such as underwater robots and underwater 
diving equipments.  

Underwater robots (ROV, Remotely Operated Vehicles) 
have become more popular in recent decades with the 
development of sensors and imaging technologies [2]. ROVs, 
which can be used to view images at hazardous depths, inspect 
vessel wrecks, analyze pollution, and in many other areas, are 
often controlled by a surface module that is used by an 
operator. In this way, the image, direction, depth and 
temperature data can be viewed in the area where the dive is 
made. In relatively low-budget systems, additional equipment 
such as a second or third lighting, rear and front cameras or a 
second temperature sensor may be needed where underwater 
activities vary. When such a need occurs, the efficiency of 
these additional devices can be low because (existing) 
underwater systems do not have a modular structure that 
(connects the new devices with the ROV. For example, when a 
second camera needs to be installed in the ROV’s system, the 
communication equipment and protocol of the underwater 
robot will not allow this. Its capacity problem to provide 
sufficient data flow in the cable system going from underwater 
to the surface will come to the forefront.  

In these relatively low-budget systems, which are unlikely 
to develop modularly, users who control underwater robots 
must be present in the diving area. Even if the robot’s cables 
are extended, the user will still be likely to face limitations as 
the accuracy of data received from the sensors is reduced and 
other signals are weakened. In addition, surface control 
systems do not have the necessary equipment to send data from 
sensors belonging to underwater vehicles to far distances.  

As a result, underwater imaging and data acquisition 
activities with low-budget underwater robots can not control 
and transfer data from any point in the world without adding 
additional equipment to the surface systems. In other words, it 
is not possible for the underwater vehicle operator to carry out 
underwater activities without the obligation to go to the diving 
area themselves. In addition, when additional equipment such 
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as sensors and lights in underwater vehicles are assessed for the 
type of system connection, it is not possible to add or remove 
this equipment modularly from the system. A modular 
structure can be acquired and remote control problems can be 
solved by adapting the idea of IOT to underwater vehicles so 
that the devices working for data collection and control in 
water can work on an internet dependent basis. In this way, the 
underwater vehicle operator does not need to be in the area 
where the vehicle is located. The operator can control the 
underwater vehicle with the help of a computer from any place 
in the world with an Internet connection.   Thus, it facilitates 
the work of researchers from different regions and countries in 
underwater activities and accelerates their work. For example, 
archaeological researchers will be able to carry out scientific 
research in which more experts from around the world can 
participate in underwater activities. Another important 
advantage is that the underwater systems can be developed 
modularly, allowing additional equipment such as additional 
sensors or video display devices to be added to the systems. 

II. METHOD 
 Examining the underwater vehicles on the market, it is 
found that all of them possess devices like a camera and depth 
and compass sensors mounted in a water resistant housing on 
these vehicles. As mentioned earlier, it is not possible to extend 
these devices by installing additional equipment according to 
the activities to be performed. For example, the system does 
not allow a second or third camera connection via the same 
communication system. In addition, these systems can’t be 
controlled from a distance.   

 As a solution to these problems, it became necessary to 
design a new communication equipment and protocol 
improving traditional underwater communication systems. In 
this respect, communication protocols such as RS485 and 
CANBUS have been considered in the design of 
communication equipment and the features of the protocols 
have been examined. RS485 is mostly used for industrial data 
transfer [3]. CANBUS is a protocol developed in early 80's to 
be used in automobiles [4]. The CAN controllers operate in 
multi-master mode and each node controls priority on the bus 
and real-time data communication is highly supported. 
However, RS485 can only create one master slave system. In 
order to solve this issue, selection scan techniques are used and 
real-time performance is reduced [3]. In case of a serious fault 
in any CANBUS node, the problematic node is automatically 
shut down to prevent other nodes from being affected and it is 
prevented from going to the "dead lock" state seen on RS485 
networks [3]. The direct transmission distance of the CANBUS 
protocol can be up to 10 km at a speed of 5 kbps. For the 
RS485 protocol it is 1.2km with a speed of 4.8kbps [3]. In 
addition, the CANBUS protocol messages are in the "short-
frame" structure and contain hardware CRC in the message 
content. Thus, the transfer times are short, the transfer rate is 
low and the error rate is very low. RS485 does not have any 
hardware control feature and therefore data reliability is lower 
[3]. Considering all these comparisons, it is concluded that the 
CANBUS protocol is superior. With CANBUS, sensor data 
can be transferred and new CANBUS based sensors can be 
added to the system as a module. However, besides the sensor 

data, the camera image is an important transfer data. Within 
CANBUS transmission standard, the camera data turns out to 
be a problem. The bandwidth required for data transmission in 
camera systems depends on the resolution of the image and the 
number of frames per second. Therefore, communication 
protocols such as CANBUS with lower bandwidth will not be 
useful [5]. Instead, it was decided that all of the data received 
from the camera will be transmitted via Ethernet. Therefore an 
IP-based camera is preferred for camera selection. If an analog 
camera was selected instead of the IP-based camera, a new line 
should be drawn except for the Ethernet cable connected to the 
surface module. In order to be able to install more cameras on 
the underwater vehicle, these lines need to be increased. To set 
the standard on a vehicle, the IP based camera was designed 
and other modular devices were designed as IP based. Thus, all 
the data is transferred via an Ethernet cable without adding any 
extra cables to the system.  

 In addition to providing modularity, the operator should be 
able to control the vehicle from farther distances. To realize 
this, newly developed Internet based hardware is used. An 
example of an improved underwater vehicle system is the IP-
based camera, motor driver and pressure sensor module on the 
main unit. These modules, which have Ethernet connection and 
IP addresses on them, can be deactivated when requested by 
the user. From the surface module, all underwater modules are 
defined and selectable with an IP number like computers in a 
workplace are connected to a network. For example, with the 
IP number 192.168.1.12, you can access the web server 
running in the pressure sensor and the pressure sensor 
information on the server will be accessed. Up to three IP 
based hardware connections are considered in the sample 
system. In this way the modules on the system will be 
controlled via Internet connection. Additional modules 
(pressure sensor and compass module, etc.) may be required to 
be installed in the underwater vehicle. Bluetooth low energy 
communication is also integrated in the main unit to allow 
extra expansion to the system (Fig. 1.).  

a.  

Fig. 1. Block diagram of a sample system. 

 According to the block diagram of the sample system, IP 
based cameras can be installed in three inputs. Thus, when 



 

 

 

 

connecting to camera number one with 192.168.1.14, the 
camera number two with number 192.168.1.15 will be 
connected. Finally, the IP number 192.168.1.16 will also be 
able to connect to the third camera.   

 Apart from IP based cameras, IP based underwater modules 
are designed. Microcontroller cards and sensors are used in the 
design phase of the underwater modules. A server running on 
the microprocessor on the hardware is created using the 
ENC28J60 integration to transmit data from the sensors based 
on IP. As an example of the underwater module, a PC, Ethernet 
shield, pressure sensor and MCU (Arduino based 
microcontroller) are used in the design and testing of the 
pressure sensor module (Fig. 2.).  

b.  

Fig. 2. Block diagram of pressure sensor module based on IoT concept. 

 

 The aim of the study is not just to develop a design of 
communication equipment for an underwater system, but also 
an underwater application based on the concept of "Internet of 
Things", an important issue of the future of technological 
communication. This concept applied to the water is designed 
to allow the underwater systems to be modularly developed 
from simple to advanced, as well as allowing remote 
management of diving activities. In this regard, the idea of 
communication equipment and protocol has been expanded and 
a low-budget embedded system has been installed on the 
surface side. Through this embedded system, it is possible to 
connect the underground units of each underwater equipment 
(Fig. 3.).   

 The remote connection established through the affiliate 
system can especially be useful for underwater research 
companies e.g., if the operator otherwise had to travel to a 

distant research site they are now able to control the 
underwater vehicle via the Internet, Consequently, the cost of 
transportation and accommodation are lowered or non existent 
at all. Thus, the saved time and resources can be used for 
research and overall duration and cost of underwater research is 
lowered.   

 

Fig. 3. Block diagram of the system. 

 

 As the underwater tools adapted by the concept of IoT 
become more widespread, the cost of these systems will be 
further reduced and underwater researches will be able to be 
carried out with less resources. This will help in the discovery 
of new plant and animal species, the discovery of new oil or 
natural gas fields, the clarification of the wrecks of submerged 
ships and underwater ruins, the faster intervention of any 
seriously damaged oil pipelines, and the acceleration of 
underwater mapping studies. Surveys and exploratory work 
will be carried out in archaeological studies where more 
experts can participate in underwater activities throughout the 
world. 

III. RESULT 
In order to adapt an underwater robotic system to the 

concept of IoT, it has become necessary to design a new 
communication equipment and protocol improving traditional 
underwater communication systems. In this regard, at first 
communication protocols such as RS485 and CANBUS have 
been considered in the design of communication equipment. In 
the final decision stage, imaging equipment such as cameras, 
which are an important part of underwater systems, played a 
role in making the final decision in choosing the 
communication protocol. An IP based camera was preferred for 
camera selection. The IP-based modular devices were designed 



like the IP based camera. By this, not only a new underwater 
communication equipment has been designed, but also the 
concept of "Internet of Things" was implemented to 
underwater robotic systems. 

Their benefits are numerous: 

• This research provides the opportunity to learn about 
IoT in the design stage and to develop a new IoT based 
infrastructure. This will accelerate upcoming IoT 
underwater innovations.  

• The underwater vehicle operator does not need to be in 
the area where the vehicle is located. The operator will 
be able to control the vehicle over long distances via 
Internet connection. This reduces research costs and 
resources. 

• Since the range is increased without increasing the cable 
length, signal attenuation will be less. 

• Since Ethernet cables are used for communication on 
the underwater vehicle, no extra cable will be needed. 

• The new communication protocol allows wireless 
connection of extra modules via Bluetooth connection 
on the front. 

• Since the vehicle has a modular design, it can be 
relatively easy customized according to the user's 
individual request.  

Underwater vehicles are one of the most important 
equipment in sea or ocean research. It is essential to get more 
out of technology to use these tools more effectively. Thus, the 
increasingly popular "IoT" has been adapted to an underwater 
vehicle. As seen above, this adaptation has many positive 

effects. They are particularly effective in enhancing 
productivity, accelerating underwater exploration and 
providing infrastructure-relevant aspects of IoT. 
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