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1 Introduction

Secondvalidation trials were performed from 10.10.2015 t0.20.2015.in Biograd na moruCroatia.

Trials wee, per the project timeling scheduledcloseto the end of the project whemll components
and functionalities of the system were developéthe secondralidation trial assessefllll system

functionalities validatingthe project accomplishmentseventuallyproviding the guideline for the
future work.

Figurel Debriefing session during the CADDY validation trials in Biograd na Moru

The basis for defining valilon activitieswas Validatn Plan presented in®1.andReport from the
first validation trials D5.2.

Validation procedures and criteri@ere designed tancorporate plannedealtlife validationscenarios

and divers (endisers) preferencesSections 2 to 4 elaborate validation experiment in details, present

results Divers subjective evaluation of the validation téskecorded in ANNEXofthe sectiorb. Final

O2yOf dzaA2y o0l aSR 2y S@rftdad A2y 2F (GKS NBadzZ G§a o:
task evaluatioris provided in the section 6.

2 Validation scenario

Scenario for theCADDY validation mission wamtivated by realife tasks Search& Rescue and
Underwater Archaeology. To design the mission whirers envisioned scenarios kalso addresss
end-user (divers) specifinterest and epectation from the CADDY systgne created questionnaire

to be filled out by divers before mission desigihe CADDY system functionalities proposed in the
guestionnaire were compiled to incorporate most common functionalities of the Search & Rescue and
Underwater Archaeology mission¥alidation mission was finally design by fusing the -liéal
scenarios witlR A @ fréNdiefices.

2.1 Divers specific preferences

Divers, endusers of the CADDystem filled out the questionnaiexpressing their specific pfication
preferences. The results from thyiestionnairewere:
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What specific functionalities would you like
to try/test?

Guide me on a
given path

Take a picture
(with a...

Take e.g. the
samples to t...

Record the
mission log .

Track,
supervise di...

Record a video
of the dive ...

Present the
map of the...

Carry the
payload for me

Follow me

Map the area
[mosaic/3D map)

Communicate
with the div...

Record a video
of me diving

Communication
with robot 0...

Alarm if e.g.
breathing ra...

Monitor divers
heart rate,...

Wait here,
move back, U..

=]

% 10% 20% 0% 40% 5

(=]

% 60% 70% 80% 0% 100%

Figure2 Bar graphg diver's preferences
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Answer Choices Responses
Guide me on a given path 100.00%
Take a picture (with a location tag) or save my position 100.00%
Take e.g. the samples to the surface or bring me e.g. tool from the surface 83.33%
Record the mission log and reconstruct the events - "black box mode" B6.67%
Track, supervize diver from the surface using graphic interface B6.6T%
Record a video of the dive for analisys 66.67%
Present the map of the logged positions and tagged pictures (google earth like) after 50.00%
the end of the dive
Carry the payload for me 50.00%
Follow me 50.00%
Map the area (mosaic/3D map) 50.00%
Communicate with the diver or robot during the dive/mission 50.00%
Record a video of me diving 50.00%
Communication with robot or surface using underwater table, diving signs or 50.00%
pestures
Alarm if e.g. breathing rate is too high 33.33%
Monitor divers heart rate, breathing rate or emotion clues from the surface 33.33%
Wait here, move back, up or down 33.33%

Figure35 A @S NXe#icesLINS ¥ S NJ

Q: Do you have any comment or other functionality to suggest?

A: The alarm function, if something happens with the diver during the dive

Based on a result frorthe questionnaire functionalitieschosen for the final validation trial were
G3dzZA RS YS¢z aGF1S F LAOGdINBeE:E aqil UBDRAFAY SKEA WA 4k
etc.

2.2 Validation mission design

During the first validation trials functionality of BUDDY vehicle, supported by surface vehicle, to
perform hightrackingquality lawnrmower mission was validated. Mission was initiated using
CADDIAN. Colieed data were processed offline to create the mosaic of the mission area giving us
opportunity to localize object of interest. Designed validatesenario for the second trials wa
continuation ofthisreaklife task to find and recover the previouslg#dized object with support of the
CADDY robotic fleefThe scenario incorporated functionalities pointed out by the diver in the
guestionnaire.

Specific objectives were to validate functionalities:
i Dive guide

0 to guide the diver efficientlyo find/detect the object/objects located othe known
position even in the case of unfavourable divers behaviour and willingness to
cooperate
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9 Dive slave
0 to georeference objects of interest
0 to collect data for object identification, ge®ferenced image 08D image
0 to recover selected objects, i.e., to take it to the surface
9 Dive observer
0 to monitor/supervise diver states in retime during the mission

o0 to trigger alarm on e.g. high breathing rate

2.3 ValidationProcedure:

1. Briefing:
a. All participants in the trial are briefed about the mission scenario and plan. Participents
diversand diving supervisor, CADDY system operators and CADDY supervisor.
b. Diver learns CADDIAN signs needed for this task

c. Perform the Pre Dive Check. Tthieing supervisor and CADDY supervisor must perform the
required checks before each dive according to the safety recommendations given in
deliverable D6.1. Post dive checks are post dive debrief meetings are also recommended.

d. Predive safety briefing for timanrobot diving. Check of robot safety devices.
2. Diver wearsDiverNetand tablet, BUDDY vehicle uaderwater while surface vehicle is on the
surface half way in between underwater agents.

Autonomous surface vehicle

A

Autonomous
underwater vehicle

Diver Q/-'
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3. BUDDY performs pointer manoeuwbserving the diver at bime.

Il .' 2 - o =T e
position .

4. Diversearchedor the target i.efollows the transectl (rope) laid down on the seabed.

@® Object?2
Rope
transect?2
Target
- o=
Object#l Rope
transectl1

5. Mission is supervised from the surface centre.

1. DiverNet transmits measurements via
acoustic link to the surface

6. Atthe end of the first seabed transect object#1 is found. Diver infeumigce centre that object#1
is spotted.
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7. Diver orders BUDDY to take a picture of object#1 using CADDIAN.

1. Diver issues a command using CADDIAN 2. BUDDY executes command

8. Divercontinuesalong second transect laid down on the seal@dDDY monitors the diver.

@® Object2

A

Rope
. "Y——
7z transect2

Target

- o
Object#l Rope

transectl

9. Diver informs surface centthbat he/she reachedhe erd of the second seabed transect
10. Diver receives message from the surface to simulate high breathing rate.

11. Alarm of high breathing rate is received in the control centre.

1. DiverNet transmits measurements via (((Q)))

acoustic link to the surface
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12. Diver now receives the message to follow the BUDDY.

@® Object#2

Rope
transect2

Target

- o
Object#l Rope

transectl

13. Diver follows the BUDDY until Target is found.
14. Diver informs surface centre that Target will be recovered to the surface.
15. Diver loagthe Target onto the BUDDY
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16. Diver orders BUDDY to take the getrto the surfacaeising CADDIAN.

1. Diver issues a command using CADDIAN 2. BUDDY executes command

akeit to
the surface

17. Mission completed.
18. Diversurface in a safe way.

19. Perform task evaluation using providgdestionnaireduring debriefing session.

3 Integration experiments

Integration experimentsvere conductedprior to full validationtrials. The scopef the integration
experiments was:

9ELISNAYSYyd mY .!55, aD! L59¢

1.1. BUDDY approaches the diver

1.2. Diver follows the square transect on the seabed

9ELINAYSYy:d unyYy .!55 dh. { 9w+ 9 wé

B

2.1. Diver tests chat and DiverNet measurements

O9ELISNAYSY(l o9¢ .!55 a{[! +

B
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Experiment 4: Report generation
4.1. Replaying the mission
10
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4  Full validation experiment experiment 5

Validation mission:

Validation trials wee perormed 20.10.2016. Only one trigbs performed day earlier i.e. 19.1Divers
participated in the trialswere: Masa Frleta, Pavel AnkoKruno ZupcicClaudio Lamolinara, Jan
Grootaerts and Marco Pot.

Altogether five trials were performed. Thrégals were completed (divers: Pavel Ankon, Masa Frleta,
Kruno Zupcig)while two trials(divers: Claudio Lamolinara and Jan Grootaems)e not completed

due to technical problems. Problem during the missioma% error in the navigation filter causing the
occasionainaccurate estimation of the diver position relative to the BUD&C¢CurateBUDD Yelative
positioning in respect to diver is very important for both observation and guidance pointer behaviour.
Thus, mission 4 was aborted.echnical problem during the mission 5 was failure of the port forward
BUDDYhrusterswhich required longer intervention and resulted in cancelatiothat trial as well as

the trial with the sixth diver

Although we experienakcertain problems performing integral relifle scenario trialswe can say that
data collected and experience gained were valuablaving in mind that work was done in real
environment with the robotic prototypes and novel, CADDY developed applicatirssnot with off
the-shelfthoroughly tested products and software, some problems were expected. Neverthdless, t
complete set of results from the missions were sufficient to evaluate and validate work done in the
scope of the CADDY project.
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1. Briefing and familiarization with the DiverNet, underwater tablet and application,DG*Dand
CADDY system in general.

Figure5 Preparation of three different divefor the validation missiordan is familiarizingimself
with the tablet application (left image), finaheckup of the Pavel'ssquipment before the trial
(middle image) an&runo exercisebie CADDIAN signs relevant for the validation mission (right

image).

12
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2. Mission agents.

Agents participatingni all missionsvere: diver wearingDiverNetand tablet, BUDDYinderwater
vehicleand Medus& surface vehicle.

Figure6 Agents are getting ready for thmission

3. BUDDY performs pointer manoeuvre observing the diver at all time.

Figure7 BUDDY maintaiobserverposition in front of the diver

13
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4. Diver searches for the target i.e. follows the transectl (rope) laid down on the seBh&DY
continues with pointer observation manoeuvre.

@® Object?2
Rope
transect?2
Target
- O -
Object#l Rope
transectl

Rope transect

Figure8 Diver follows the transect i.e. rope laid on the seabed

Figure9 BUDDY maintains observer positighile diver swims along the transect
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Transect with Buddy

Buddy

FigurelO Transect 1Presented purple frame is layout of the padpper image presendiver and BUDDY trajectories (blue and green) and corresponding
orientations (arrows). Images show that BUDDY maiethuiistance fronand orientation towardsliver. The same but in the form of time plot is presented
in Lower Imagerange and bearing ofider relative to BUDDY
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