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Abstract—This paper describes the design, development and 

testing of the electronics pod (E-Pod) for the third generation 

underwater remotely operated vehicle (ROV) developed in the 

Robotics and Agents Research Laboratory (RARL) at the 

University of Cape Town (UCT). The E-Pod provides centralised 

control and distribution of all power and communications aboard 

the ROV. Its aluminium housing was designed to maintain a dry 

internal environment for its electronics at atmospheric pressure, 

while operating at a depth of 300m below the water’s surface. The 

E-Pod was to incorporate a standardised connection method to 

facilitate modularity and a degree of interchangeability of modules 

on the ROV, thereby also providing for future modifications. The 

results of tests performed on the E-Pod are presented, after which 

conclusions are drawn and recommendations made for further 

development. 
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I.  INTRODUCTION AND BACKGROUND 

Underwater Remotely Operated Vehicles are commonly 
referred to as ROVs and are unmanned vessels that carry out 
tele-operated underwater missions. The simplest ROVs carry 
only a camera and lights as tools, and are used in relatively 
shallow waters purely for observation and for recording images 
of the environment. ROVs have great advantages over manned 
underwater vessels because they can be much more compact, 
without the cockpit space required for an operator. They are also 
not limited in their duration of operation because they do not 
depend on a limited oxygen supply. The risk associated with 
sending a person to great depth is also mitigated with the use of 
an ROV, and the comparative cost of design to meet the required 
safety regulations for a manned vessel is also avoided with 
ROVs [1]. 

The ROV described in this paper was designed and built in 
response to a request from UCT’s Department of Zoology for an 
ROV to aid their oceanic research. The two generations that had 
gone before this ROV had provided the research group with 
good experience, but a new vehicle was required that would 
offer a more robust research tool for the zoologists and a more 
versatile platform for future development within the Robotics 
and Agents Research Laboratory (RARL). 

The second generation ROV had been designed to house all 
of its components in one housing, which was similar to the 

approach that was used for most commercially available mini 
observation class ROVs at the time. However, it was found that 
maintenance access to many components inside the single 
housing was time consuming and awkward. The single housing 
also posed a greater risk of damage to all of the electrical 
components in the event of a pressure seal failure than in the case 
of a multi-pod system, which is more commonly seen in 
commercially available observation class ROVs (OCROVs). 

Commercially available ROVs in this class, such as the 
Predator and Seaeye Falcon, incorporate an aluminium 
electronics pod (E-Pod) housing with standardised electrical 
connections to service the rest of the on-board components with 
power and communications [2,3]. 

II. THE COMPLETE ROV SYSTEM 

Together with project partner Thomas Knight, a new design 
was developed for an observation class ROV, as seen in Fig. 1, 
which was based on the open frame designs commonly used on 
those available commercially. The ROV was to be propelled by 
five individual thruster modules and carried four high-powered 
LED light modules to provide lighting for the ROV’s forward 
and aft video cameras. The ROV was rated for a maximum depth 
of 300m and in order to navigate the ROV an imaging sonar unit 
was also incorporated. Provision was made for two sensor pods 
to be populated at a later stage that, shared between them, would 
include a depth gauge, gyro compass, inertial measurement unit 
(IMU) and an external temperature transducer. 

 
Fig. 1. Rendering of the 3rd generation ROV developed in UCT’s Robotics and 

Agents Research Laboratory 



 

A system was developed to distribute the communications 

and 1.9kW of electrical power from the surface station to each 

of the modules on board the ROV. The main power supply, 

specified to be a nominal 230VAC, was converted at the surface 

to 400VDC and transmitted to the Power Pod on board the ROV 

via a neutrally buoyant tether. The Power Pod provided the 

necessary DC-to-DC voltage conversion from 400V to 48V, 

15V, 12V and 5V, as required on board.  

In parallel with the power transmission, a fibre optic link was 

established between the surface station and ROV, also via the 

tether. This provided a high-bandwidth data link for video, sonar 

and control signals. 

The ROV required a unit that would manage the distribution 

of power and communications, received from the Power Pod and 

tether respectively, to each of the ROV modules. It was for this 

purpose that the E-Pod was designed. Fig. 2 below shows the 

location of the E-Pod on the ROV and Fig. 3 shows a close-up 

photo of the E-Pod assembly. 

 

Fig. 2. A rendering of the ROV without its float block or cover to reveal its 

modules fixed to the top of the upper platform 

Several commercial observation class ROV’s with similar 
performance and size specifications to the RARL’s new ROV 
were using the RS-485 protocol for their on-board serial 
communications network [2,3,4]. The RS-485 protocol is also 
widely used for industrial communications in noisy 
environments and only requires two wires for robust half-duplex 
communications up to speeds of 1Mbps [5]. The RS-485 
standard had been well established in industry as well, and it was 
therefore decided to develop an RS-485 multi-drop network on 
board the ROV. 

The E-Pod would need to supply power and communications 

to 16 modules and a summary of its specifications is listed in 

Table I. 

III. PRESSURE VESSEL DESIGN 

In order to protect the ROV electronics from the harsh salt-

water environment of the ocean and large hydro-static pressures 

at the ROV’s working depth, each module required its own 

pressure-tolerant and corrosion-resistant housing. The housings 

would need to retain their shape with negligible deformation at 

the working depth and incorporate adequate sealing for its 

openings and penetrations. 

High-strength aluminium alloy was selected for the housing 

material because it was determined to be the best compromise 

between strength, weight and cost. A stress analysis was 

performed by manual calculation and then checked against a 

finite element analysis using Solid-Works® SimulationXpress 

software. 

 
Fig. 3. E-Pod electronics stack being lowered into housing 

The housing was “hard-anodised” to protect it from 

corrosion. This process used a colder solution and a longer 

immersion time than standard anodising treatments and 

produced a tough, 40µm-thick protective coating over the 

housing’s surfaces. Additional galvanic protection was provided 

for the housing by designing a sacrificial zinc anode that could 

be screwed onto a custom-designed fastener. 

To provide the sealing necessary on the E-Pod for a working 

depth of 300m, a combination of two radial O-ring seals and one 

face O-ring seal was used. Dimensions of the O-ring glands are 

given in Table II. 

Birns® Aquamate® subsea connectors, each rated for a depth 

of 6000m and also incorporating O-ring face seals, were used to 

connect each module to the E-Pod. A six-pin configuration was 

used for all connectors to facilitate the design of a modular 

connection system. 

 



 

TABLE I.  E-POD SPECIFICATIONS 

Description of Requirement Values 

Operating depth below surface 300m 

Standardised electrical connection system Yes 

Output voltages 5/12/15/48VDC 

48V Current input 27.4A 

48V Maximum output current 4.5A 

15V Current input 9.6A 

15V Maximum output current 1.9A 

12V Current input 0.8A 

12V Maximum output current 0.5A 

5V Current input 1.0A 

5V Maximum output current 0.5A 

Power to each module to be switched inside 

E-Pod 
Yes 

Current monitoring accuracy for thruster 

power lines 
±10% 

TCP/IP over optical fibre connection to 

surface 
Yes 

Serial communication protocol between 
ROV modules 

RS-485 

Minimum frequency of sending commands to 

each thruster 
2Hz 

Minimum number of video channels 
available 

2 

Ambient temperature monitoring accuracy ±2°C 

TABLE II.  O-RING GLAND DIMENSIONS 

 

[mm] Face Seal Radial Seal 

D F E F E 

3.0 3.9 2.3 3.9 1.8 
 

 

IV. ELECTRONICS STACK 

The electronics inside the E-Pod could be split into two 

groups. The first group incorporated the hardware required to 

interface the on-board video and serial communications 

networks with the surface control station via the tether’s optical 

fibres. The second group incorporated the custom-designed 

printed circuit boards (PCBs) required to distribute power and 

communications to each ROV module. 

A stack of “shelves” was designed to house these 

components and a progressive assembly of the electronics stack 

can be seen in Fig. 5. The first group of components was 

sandwiched between the two distribution PCBs. These 

distribution PCBs were situated at the top and bottom of the 

stack to facilitate easy connection and disconnection to the 

bulkhead connectors on each end of the housing. 

V. DISTRIBUTION PCB DESIGN 

The design of the distribution PCBs was standardised to 

reduce manufacturing costs, design time and to increase the 

interchangeability of parts. Although only 16 ROV modules 

were to be serviced by the two PCBs, 20 module connections 

were provided for redundancy and future expansion. 

The distribution PCB was designed in two parts due to space 

constraints. A separate PCB was designed for the 

microcontroller that controlled the distribution circuitry and it 

was mounted as a daughterboard on the distribution PCB. The 

design of the microcontroller daughterboard was standardised so 

that it could be used throughout the E-Pod and Power Pod for 

control and communications. A photo of the distribution and 

microcontroller PCBs is shown in Fig. 4. 

 

Fig. 4. Photo of the E-Pod distribution PCB 

Each distribution board incorporated 10 ROV module 

connectors that were designed to integrate with the standardised 

wiring of the bulkhead connectors. Table III lists the pin 

assignment options for each of the connectors on the PCB. 

Connectors 8-10 on each PCB incorporated a 7th pin on each of 

their connectors and needed to be carefully wired because they 

differed from the six-pin wiring standard that was otherwise 

implemented. 

The PCB was sized and shaped to fit, with its connectors, 
into the E-Pod housing with just enough room around its 
circumference for wiring the connectors. This round design 
provided the maximum area for component layout and routing 
of the copper tracks. The tracks were designed for a copper  



 

  
(i). Top distribution PCB (ii). First shelf with video encoder 

& 1st fan 

  

(iii). Second shelf with fibre optic 

switch & RS-485 converter 

(iv). Third shelf with RS232 

converter & 2nd fan 

  
(v) Bottom distribution PCB (vi) Bottom cover with 3rd cooling 

fan 

Fig. 5. Progressive assembly of the electronics stack on the E-Pod lid 

 

thickness of 70µm although at the time of manufacture 35µm 
thick copper was selected because it was the more cost-effective 
option. The track widths used and their corresponding 
theoretical current capacities are listed in Table IV. 

As seen in Fig. 6, full use was made of the two PCB layers. 
A central bus system, carrying the input power supplies, fed 
power at the four different voltages to each channel around the 
board. The power supply buses were fed via resettable fuses to 
solid-state switching circuits, which were controlled by the 
microcontroller, for each output channel. Due to its compact 
PowerPak® SO-8 package, Vishay’s Si7461DP p-channel 
MOSFET was used to switch the 48V and 15V lines, while 
bipolar junction transistors were used to switch the 5V lines.  

 

 

 

TABLE III.  OUTPUT CHANNEL PIN ASSIGNMENT 

Pin Signal 

1 48V 

2 12V/15V 

3 5V 

4 GND 

5 RS-485-A / RS232-TX 

6 RS-485-B / RS232-RX 

7 PAL Video / RS232-GND 

TABLE IV.  PCB TRACK WIDTHS AND CURRENT CAPACITIES FOR A 45°C 

RISE [6] 

Track 

Width 

[mm] 

Current 

Capacity [A] 

(35µm Cu) 

Current 

Capacity [A] 

(70µm Cu) 

0.5 2.5 4.0 

1.0 4.2 6.8 

2.0 7.5 12.0 

2.5 8.5 14.0 

5.6 15.4 24.8 

7.0 18.0 28.4 

 

 
 

 
Fig. 6. Top and bottom layouts of the distribution PCB 

 



 

VI. GRAPHICAL USER INTERFACE 

The graphical user interface (GUI) was designed to provide 
control of the E-Pod, display readings from the Power Pod and 
provide control of the lights. However, provision was made in 
the GUI for the rest of the ROV system controls to be added 
when complete. The GUI, shown below in Fig. 8, was developed 
using National Instruments’ graphical programming software, 
Labview®, and was based on previous work done in the RARL 
by Cameron Sharp and Thomas Knight. 

The Ethernet-to-serial converter on board the ROV was 
setup as a virtual COM port on the GUI laptop (via the fibre 
link), enabling the GUI to act as the master controller in the RS-
485 network. The GUI was designed to initiate communications 
with each of the ROV modules, cycling sequentially through a 
transmit-and-receive transaction with each ROV module. 

Each transmit-and-receive transaction involved the sending 
and receiving of a 10-byte packet of data, the structure of which 
is shown below in Table V. Some modules needed to send more 
than one packet of information back to the GUI so up to four 
different packets could be cycled through, if required. 

TABLE V.  COMMUNICATIONS PACKET DATA ASSIGNMENT 

Byte 

1 2 3 4 5 6 7 8 9 10 

A
d

d
r.

 1
 

A
d

d
r.

 2
 

D
at

a 
1

 /
 P

ac
k

et
 

ID
 

D
at

a 
2
 

D
at

a 
3
 

D
at

a 
4
 

D
at

a 
5
 

D
at

a 
6
 

D
at

a 
7
 

D
at

a 
8
 

The packet identifier was incremented on each 
communications cycle, which meant that modules needing to 
send more information would take longer to complete 
transmission of all their data, but would not impact the speed of 
each communications cycle performed by the master controller.  

 

 

Setup
- Timer register
- ADC register
- I/O Ports
- Bus Clock
- Serial Comms Interface
- Enable interrupts
- Disable watchdog

Main Program

Main Routine
“Rolling Pass Filter”

Poll ADC registers every 
100ms, storing values in 

separate arrays for each ADC 
port. Place average of each 
array in a separate variable.

Declare functions and 
variables

Serial Interrupt

Read in bytes at serial 
port until 10 bytes 

present and address 
bytes correct

Send required ADC 
readings in a 10-byte 

packet

Set outputs according to 
data received

Return from interrupt

 

Fig. 7. Microcontroller programming structure 

 

 

 
Fig. 8. Screen shot of the ROV's GUI home screen 



 

VII. TEST METHODS 

Before assembling the E-Pod, the chamber was first pressure 
tested in the test rig at the premises of ROV specialists, Marine 
Solutions. The pod was sealed, inserted into a large pressure 
vessel and pressurised to 45bar for 1 hour. This was 1.5 times 
the rated working pressure for the ROV and was done to prove 
a margin of safety at the rated depth of 300m (30bar).  

The E-Pod circuitry was then tested to determine the 
maximum speed of communications with each of the modules 
when operating the RS-485 network at 115.2kbaud. The ROV 
was connected to the user interface and measurements of the 
signal captured using an oscilloscope.  

The bottom E-Pod distribution PCB was connected, one 
channel at a time, to a resistive test load to determine the 
temperature rise of its copper tracks and components. 

After initial thermal tests and sensor calibrations had been 
completed, the E-Pod was fully assembled and connected to the 
rest of the ROV power and control system. A large resistive load 
was connected to the E-Pod output channels and the thermal 
performance of the system was monitored first in air at an 
ambient temperature of 19°C and then in 21°C water. 

VIII. TEST RESULTS 

No leaks were found at the end of the pressure test. 

The oscilloscope measurements of the RS-485 signals 
showed that the send and receive transaction with each module 
took 20ms. This would result in a 320ms period to complete 
communications with all 16 modules. 

The 48V power MOSFETs, as shown in the thermal image 
(Fig. 9), and their respective fuses were the hottest components 
on the PCB, while the copper tracks were significantly cooler. 
The temperature rise in the copper track adjacent to the 
MOSFETs was primarily due to heat conducted away from the 
MOSFETs. 

When dry and loaded to its rated currents for operation, the 
E-Pod was found to reach its maximum internal ambient 
temperature of 55°C after 15 minutes. When submerged in 21°C 
water and again fully loaded, the E-pod did not overheat, 
although it did reach an internal ambient temperature of 52°C 
after 91 minutes. 

IX. CONCLUSIONS & RECOMMENDATIONS 

It was found that the three types of seals on each pod – the 
lid seals, the bulkhead electrical connector seals and the vent 
plug seals – all performed as intended and were effective at 
150% of their rated working pressures.  

The 320ms serial communications cycle period fell within the 
required specifications for the system, but further gains were still 
possible. The baud rate of the system could still be increased 
quite substantially and a more efficiently designed GUI was 
expected to provide further gains. This done by reducing dead 
time between packets and avoiding communication timeout 
delays when attempting to communicate with inactive modules. 
It was also recommended that the RS-485 converter be 

programmed with custom-designed software to speed up the 
Ethernet-to-serial conversion. 

The 35µm thick copper tracks of the E-Pod distribution 
PCBs did not heat up as the theoretical design values predicted 
and proved to be an economical and reliable design. The E-Pod 
would not be fully loaded when out of the water so was not likely 
to overheat when dry unless ambient temperatures were 
significantly higher than 19°C. Submerged in water 21°C or 
cooler, the E-Pod could dissipate sufficient heat to keep its 
internal ambient temperature below the predetermined 55°C 
limit. 

 
Fig. 9. Thermal image of E-Pod PCB underside after 39 min. at 4.5 A on the 

48 V line of Connector 1 
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Fig. 10. The authors with the ROV system – November 2013 
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