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Experimental Laser Flux Imaging System

Test of an innovative method in the underwater cave system of Tulum/Mexico
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PROBLEM STA
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TESTING SITE - DETAIL

~ 50 meters south of Cenote Jailhouse
Water depth of conduit: 9 to 11 meters
Red arrow: main current direction

Interupted line: axis of measurement
system.

Positioned in fresh water top layer

50 m
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COMPONENTS OF SET-UP

Flux Imager 2

Surface

Conduit

Recording time:
Recording interval:
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1h 58 minutes
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Measurement sequence:

1-timer:

= mini-PC power on
—> camera power on
= laser power on

2 —mini-PC:

— auto start program
2.1 —program:

= record movie

= shutdown mini-PC

3 —timer:

= mini-PC power off
— camera power off
= laser power off

timer and record length
have to be synchronized



Skizze UW-Gehause M1:2
aus Rohr 70/80 mit Flansch, Deckel und O-Ring-Nut auf beiden Seiten
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LASER HEAD

Ansicht A

Aluminiumblock mit 11
12,4 mm Bohrungen.

muss in ein Rohr mit 90 mm
Innendurchmesser passen.
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i
M4 Innengewinde mit t

Wurmschrauben Ansicht B

Ansicht B Ansicht A
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- - t

0.595
1.786
2.989
4.481
5.955

dt

1.191
1.203
1.492
1.474

normal meanv

1.01
1.00
0.80
0.81

0.91 cm/s
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RAW DATA - RECORDS
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HOW TO TELL IT THE COMPUTER? - DATA PROCESSING

1) Frames of a record stored into 3d-array
2) Background reduction

3) Projection of 3d array along time axis (sum of frames) => identification of traces,
calulation of mask.

4) Blanking data not identified as traces
5) twofold projection of filtered traces along frame axis => peak series

6) Analysis of peak series => frame intervals => time intervals
=> normal velocity-component.

7) Done for several traces: spatial and temporal distribution of normal velocity
component as input for flux calculation.
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STATISTICS WITHIN ON RECORD 03/09/2016

Example:
Record GrabberVideo 20130421 093724, 41 traces analysed
mean velocity: 1.8287 cm/s

Standard deviation: 0.7090 cm/s - due to turbulences!

distribution of velocities (number over cm/s-class)
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RESULTS -SHORT TERM SERIES SERIES

Normal component of velocity over day/time
cm/s over day time interval: 1 day
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CONCLUSION

- Slow turb
- Improved
- Variation

- Superior

Next Steps:
- Improving full
- Data reduction on
- Extension to wider area
- Artificial particle generation (elec

- Full autonomous system (under water battery)
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