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2. Scope and purpose 

This document describes the Ocean Monitoring M18 demonstrator, developed to 

demonstrate and validate the CERBERO technologies and tools. The M18 demonstrator 

provides the first iteration of the planned demonstrator, with the focus on the 

development of adaptive camera prototype and the use of a part of CERBERO 

technologies.  

In the next iteration (M36) the functionality of the OM demonstrator will be further 

extended. 

 

The drivers of demonstration activities have been defined in D2.7. In Table 2-1 an 

excerpt of Table 2 of D2.7 is provided. 

 

Table 2-1 – OM User to Technical requirements mapping with related assessment 

strategy (M18 activities are shown in Italic) 

User requirement Technical 

requirement 

Validation demonstration Planned month 

OM1. Provide complete design 

cycle from system level design to 

HW/SW co-design and 

implementation of Ocean 

Monitoring robot using adaptable 

COTS. 

 

Need: reduction of energy 

consumption and costs, increase 

reuse in other projects, while 

keeping or improving safety and 

security level and maintenance 

costs. 

 

5, 6 (see 

section 4.5 

and Table 4 

in section 

4.6 in D2.7) 

Development of Adaptive 
Camera based on COTS 
(Commercial Off The Shelf) 
HW with OEM firmware. 
 
Data storage according to 
mission needs 
 
On demand task dependent 
Data Fusion. 
 

 

Secure communication. 

 

Building Battery and Motor 

functionality from generic 

components. 

M18 initial 

prototype 

 

 

 

M18 first version of 

data storage system 

 

M18 data fusion 

models for image 

fusion and retrieval 

 

 

 

 

OM2. Develop integrated “open” 

toolchain environment for 

development of Ocean 

Monitoring robots with focus on 

incremental prototyping. 

 

Need: facilitate development 

cycles, reduce time to market, and 

increase reuse, quality and 

verification level by incremental 

prototyping from high level of 

abstraction directly to working 

1, 2, 3, 7, 

and 8 (see 

section 4.5 

and Table 4 

in section 

4.6 in D2.7) 

Incremental prototyping of 
Adaptive Camera 
components from high level 
models. 

M18 configuration 

assessment based 

on high level 

models using 

CERBERO 

technology 
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real time applications. 

OM3. Development of a (self-

)adaptation methodology with 

supporting tools. 

 

Need: Efficient support of 

functional adaptivity, according 

to system, human and 

environment triggers. 

6 and 20 (see 

section 4.5 

and Table 4 

in section 

4.6 in D2.7) 

Develop adaptive image 
enhancement methods for 
Adaptive Camera. 
 

Multi-objective navigation 

and motor control modules 

with run time adaptation for 

Autopilot. 

M18 adaptive 

image enhancement 

methods 

 

In Table 4 of D2.7 the user requirements are mapped to technical requirements. In this 

document we are describing how the validation will be performed and when. The various 

elements and functionalities of the demonstrator are distributed between M18 and M36. 



H2020-ICT-2016-1-732105 - CERBERO 

WP6 – D6.9: Ocean Monitoring Demonstrator 

Page 8 of 30 

3. Description of the Ocean Monitoring demonstrator 

The high level CERBERO requirements related directly to the Ocean Monitoring use 

case are the following (see D2.7): 

1. (OM1) Provide complete design cycle from system level design to HW/SW  

co-design and implementation of Ocean Monitoring robot using adaptable COTS. 

2. (OM2) Develop integrated “open” toolchain environment for development of 

Ocean Monitoring robots with focus on incremental prototyping. 

3. (OM3) Development of a (self-) adaptation methodology with supporting tools. 

 

Derived from these requirements are the three main goals which we want to accomplish 

during the development of the M18 demonstrator (see D2.4): 

1. Development of adaptive camera system and development of new task-dependent 

information fusion techniques. Development of efficient information fusion 

models for information storage and retrieval purposes.  

2. Incremental prototyping of OM components from high level models. Use of 

CERBERO infrastructure to reduce the cost of the assessment of different design 

time and runtime configurations. 

3. Development of adaptive image enhancement methods. 

 

The first goal is accomplished by the development of the adaptive camera system initial 

physical prototype comprising two high-definition cameras. The camera is capable of 

adapting to different visibility conditions and user preferences. The developed and 

implemented data fusion techniques and data storage system enable adaptive image 

enhancement methods and efficient storage and retrieval of relevant information based on 

combined data.  

The second goal is the development of initial high-level models of the OM components 

using the modelling support of the CERBERO infrastructure to assess alternative design 

configurations and to ensure that the final hardware platform will meet the KPIs required 

in its final runtime configuration.  

The third goal relates to the development of image enhancement techniques for the 

adaptive camera system. 

Figure 3-1 shows the main components of the M18 demonstrator consisting of:  

- Adaptive Camera System which can be also used as navigational sensors - images 

of different quality depending on the number of active cameras or depth maps for 

distance measurement for obstacle avoidance. 

- Information storage system for storing and retrieving images, videos, and other 

data obtained from sensors. 

- Data fusion models, from WP4, for image enhancement and retrieval. 
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Figure 3-1. Highlighted components of the M18 OM demonstrator. 

Components of M18 demonstrator are shown in colour in Figure 3-1. 

CERBERO demonstrators, for all the use-cases, follow the generic CERBERO skeleton 

defined in D6.7. Therefore, it is important to be able to identify the skeleton parts in the 

demonstrator overview presented in Figure 3-1, which could help in future reuse of the 

developed CERBERO tools. The graphical mapping is provided in Figure 3-2. 

Here is a short recap of the different element for M18 implementation: 

1. KPI Estimator: represents a way to evaluate how close the CPS currently is to its 

expected goals/performance. 

2. Manager: defines if adaptation is needed, according to the distance between the 

evaluated KPIs and the final system goal. 

3. Target: composed of three different elements: the adaptation engine, the fabric 

and the monitors. The engine is a target dependent element which physically put 

in place the actions to execute the decisions of the manager in terms of adaptivity, 

the reconfigurable fabric carries out the functional tasks according to the taken 

decisions, and the HW monitors and the SW supervisors sense the fabric status. 
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Figure 3-2. Ocean Monitoring use-case - CERBERO skeleton mapping. Notice the 

colour-based mapping between the two diagrams. 

 

The M18 OM demonstrator follows the CERBERO adaptation loop (Figure 3-3). 
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Figure 3-5. First Prototype of the Adaptive Camera System. 

 

 

Figure 3-6. Stereo calibration. 
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Figure 3-7. Stereo rectification. 

3.1.3. Image enhancement methods 

The Adaptive Camera System uses the following image enhancement methods: fusion of 

our edge detector with the original image, histogram equalization, and image de-nosing. 

Figure 3-8 shows the results of histogram equalization. 

The results of fusion of the original with the novel edge image are depicted in Figure 3-9. 

The fusion model de-noises the image and enhances its edges. 
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Figure 3-8. Underwater images and their corresponding histograms before and after 

histogram equalization. 

 

Figure 3-9. Image enhancement by information fusion. Left - original image, right - 

enhanced image. 
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3.1.4. Data fusion techniques for image enhancement, image 

retrieval, and navigation 

The information fusion techniques used in the demonstrator have been developed as part 

of the T4.3 activities from WP4. The OM demonstrator uses different information fusion 

models in order to: 

- Enhance images:  the edge detector image is fused with the original one to 

sharpen the image, remove the noise, and enhance the edges of objects. 

- Enhance images: images from different cameras are fused together in order to 

improve the overall image quality (super-resolution). 

- Retrieve fused data: stored data (e.g. images) need to be retrievable based on 

combination of different information related to them. The proposed unified 

information storage and retrieval framework uses different data fusion models to 

perform the information search. 

- Enhance navigation: fused images from the cameras are used to find the 

disparity/depth maps that can be used for obstacle avoidance. 

 

Figure 3-10 shows different notions of correlation captured in the data fusion model in 

the context of information retrieval. The developed unified information retrieval model 

represents a complete information retrieval solution and uses tensors and the notion of 

co-occurrence to combine the so-called feature spaces e.g. visual and textual. 

 

Figure 3-10. Notions of correlation in the context of information retrieval. 

 




























