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Executive summary
This document presenBystem Two which ighe finalhardwareversionof theUTOFIA camera

System Twaofulfils most of thedesign goalset for the systermAn overviewis given alongnith
performancgarameterandfirst-handexperiences usin8ystem TwoExperimental results from test
trials and resultsfacomponentperformedon system levedre also presenteBinally, the individual
components comprising Systémwo arebriefly described.

SystemTwo was builtto:

1 Demonstrate the technologywards potendil markets.
1 Beas small as possiblithin the projets limitsto hopefully appeapractical for customers.
1 Become an experimental tawol test and verifjmew possibilities.

Two factors have greatly contributed to a significant size reduction;

1 anew and extremely compact small diameter laser
1 asupport flange in the middle of the houdingtallowed a thinner housing wall

The camera waalreadysmall but hadeen modified toerlap somewhat with the laser to reduce total
length. Unfortunately the demand for a wider field of vielas resulted in a much longer le8sll the
housingvolume is less than 7 litremd withpotential for future length reduction.

For the software/firmware part of System Two, focus has been put on handling low intensities,
visualization and 3D algorithms. For the hardware part focus has besoretaser powergduced size,
pressure resistance to more than 300 meters and afiatdeaf view.

Compared to System One, this system provides numerous improvelmetisimary, our experience is
that:

Housing has been tested and found leak safe to depths of @&5@a%tter.

System communication has passed the test through 70 nesydahtable.

Laserfrom BRI has passed tests and is successfully included in Systegpshowing low jitter.
The thermal control, including feedback from thermistor ador control are effective

A newinterface boar@¢onnecting camera, lasétrduino pcontrollerhassuccessfully been set up
to handle the thermal control as well as the motor, lens focusing motor and laser monitoring.
The reduced size of Systéfwo is a valuable feature that makes operasiompler

SystemTwo deliverslive 3D data of higlquality

Range gating works well. Even in poor water conditions the backscatteipressgd very well.
The new firmware algorithmsork as well as expected with a framerate of higher than 10 Hz.

= =4 -4 -8 -9

= =4 —a A

We haveperformed preliminary testinig two practical applications sea bed observation and fish
farming. Based on these preliminary tests,see that Utofia provides good images compared to-a hon
gated reference system. The combined 3D and intensity images make a real difference. In detail:

1

)l

1

f

Utofia eliminats backscatter and obtaimages with good contrast. The limitation is the signal

to noise when illumination is attenuated by the water.

The 3D information makes a differeno®t only towards enabling biomass estimation and object
sizing, but &0 to enhance contrast of underwater objects which otherwise are easily overlooked.
The combined display of backscatfeze images and depth information provides more pleasant
images that are easier to interpret for the operator.

Utofia's performancesiin the middle of expected performance for range gated system, providing
data up to approximately 4.5 attenuation lengths (5 m harbour waters, 15+ meter sea water)

We believe this system witlpenseverabpossibilities within the marine sciences, espéciaith regards
to fish behavior and size estimation.
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1 UTOFIA motivation and background

UTOFIA will offer a compact and cosiffective underwater imaging system for turbid environments.
Using rangegated imaging Kigure 1), the system will extend the imaging range by factor 2 to 3 over
conventional video systems. At the same time, the system has the potential to providateidid
information.

This will fil  the current gap between shoainge, higkresolution conventional video and lerange low
resolution sonar systems.

UTOFIA offers a new modus operandi for the main targeted domains of application: marine life
monitoring, harbour and ocean litter detentifisheries stock assessment, aquaculture monitoring, and
seabed mapping.

Particles close to the sensoausebackscattering

Same laser pulse at different time instance

Sample target
5 / scene objects
we want to
visualize

Irradiance at
receiver,("/,.2)
o
o

Camera

Control

Gate closed Gate open
20 40 60 80

v

.0
time (ns)

Figure 1: Rangegating reduces the effect of backscatterindn this figure an underwater object at
a distance of approx. 9m is imaged. The graph showise reflected signal from a laser pulse as a
function of time. The first peak of the curve corresponds to backscattering from particles in the
water. The second, attenuated peak corresponds to the reflection from the object that we are
interested in (e.g.a lobster). The camera shutter is kept closed for approximately 50ns before it
opens. Since the image is created from an integration of all light received, when the first 50 ns is
gated out, most of the backscattering contribution to the fundamental noise removed.

1.1 Relationship with other deliverables
Thesystempresented in this document relates on the following deliverables:

D1.17 Preliminary end user requirements and system specificatios document presents the baseline
design of System One

D1.271 Revised end user requirements and system specificalibissdocument summarizes the
differences between the plan in D1.1 and the System One actual)yahdillso the specs for System
Two.

D2.371 Describes the laser used by System Two.
D4.31 Pre®ntsthe housing used by System Two, and also the detailed beam shaping optics.
D5.471 Details the capabilities of the firmware embedded in System Two.

These deliverables are consortiimternal, so some of the relevant illustrations/infation has been
copied in here for the benefit of consortihaxternal readers.

1.2 Contributors
The following partners have contributed to this deliveraBIBITEF

UTOFIA33098 8of61
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2 System Twa; overview and performance summary
SystemTwo was built to:

1 Demonstrate the technology towards potential markets.
1 Be as small as possible within the projects limits to hopefully appear practical for customers.
1 Become an experimental tool to tpstentialandor verify performance fonew possibilities.

The baseline design for Systdiwo is given in D12, summarized ifTfablel. A technical successful
System One laid the ground for System T¥th all the "basidunctions' like cooling and
communication workingthefocuswas to reduce the diameteFwo factors have greatly contributed to a
significant size reduction;

1 anew and extremely compact small diameter laser
9 asupport flange in the middle of the housing #iwed a thinner housing wall.

The main tradeff was between laser volume and laser power. Having experienced how much more
practical System One was compared to System Zero the bias was towards a smaller size. This resulted in
keeping the laser cagliration but tune the power up asgueeze the diameter (and volume) as much as
possible.The Odoscamera was already small buas modified to overlap somewhat with the laser to
reduce total length.

Unfortunatelythe demand for a wider field of viewdilaeen difficultto fulfil . Large sensor area combined
with short focal length andlarge aperture gives a lotgns with alarge diameterThe focal length from
System One was kept but a lens that could cover the whole sensor chip was chosesullédsin a
longer lensThis lens increases the FOV by 50Rlawever,to read out thevhole chip takes longer time
and the frameate drops. This means that performance is lost when using maximum field of view. And
even at maximum FOV we are not fulfilfj the customer's requiremefihis is not a fundamental problem.
A shorter focal length lens in theame series exist. This could give us a FOV around 70 dedmees.
retrospect, this could have been done. SUB came up weélyaice design for the froritange thatcould
have beerurther developed to handle a largéameterens. This lenswill requirea complex window
supporting structurand maybetronger materialS here will be very little material between the windows.
It is not clear thathis coud have been done within the budlgkt will however, be possible to find a
solution for limited depths.

Compared to System One, this system provides numerous improvements in terms of compactness, laser
power, depth rating, firmware and software analgfgerithms.Housing volume is less than 7 litrasd
there ispotential for future length reduction.

The SysteniTwo camera is mechanicallimilar to the front ofa standarddDOS camera and uses the
14pm pitch sensor fro®@DOS All tests are done with thisensorThe new FHG chip could be used since

it will fit inside the front of arDdoscamerawith asmall spacer under the camera window to compensate
for the somewhat higher sensor socket

Firmware inside the camemupdated and includes new fa&isi The main difference is that the camera
will give depth estimates at > 10 Hz regie. There are also numerous other features to improve image
quality. Like taking background images for automatic background subtraction, do pixel hinimogase
signal to noise.

Except for thesomewhat lower field of vienSystem Two fulfils all the requirements givenDi.2, as
summarized infable 1. Furthermore, almost all of the relevant risks have been cleared as described in
Appendix C.

System Two will be fully capable of revealing the potential for this technology in numerous applications.
The 3D feature seems to be particularly interedtingizing and bio estimates.
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Table 1. SystemTwo specifications based otthe revisedend users surveyD1.2 (2016)

UTOFIA basic specifications System One | Status for
System Two

Range 0.5t0 5 n¥

FOV 70° to 90°

Depth 300 m®

3D Not mandator{

Power <300 W

Voltage 12 or24V

Weight in air <10Kkg

Weight in water neutral

Laser safety class Max 3R

@ Operator adjustable through GUI
@ 1000 m version for théuture
©®  Desired range for 3D: 5 m

2.1 System Two overview

System Two has been built according to ke sketched out in D2. An uncertainty was related to the

laser diameter and volume. BRI was able to fit the laser into a 130mm inner diametenitibeasour

most aggressive goaNith the laser size decidea detailed design of System Two was done. This design

is reported inD4.3, an overview is shown iRigure2. Then all parts described in D4.3we produced.

During integration the details around cabling, voltage limiter, thermal fuse, focus motor and laser beam
shielding was worked out. The denseking of components gave some EMC challenges mainly affecting
Ethernet communication. This problems was greatly reduced by shielding and rewiring.

This update is illustrated iRigure2. Figure3 andFigure4 shows external and internal view of actual
system. As one can see the outline from D4.2 is implemented with only minor deviations.

The housing of System Two has a diameter of 155 mm and a length of 370 mm. The total v@lume is
litres. The housing islesignedo withstand the pressure30meter depth. The housing is teste@%im
depth @5 bar).
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Figure 2: System One as outlined in D&.Laser (red) is mounted to the back flange and holds the
"middle flange". Camera main body is mounted to the middle flange. Power and control
electronics is mounted to the blue part. The blue part is the back lid of the camera and is fed
through a hole in the middle flange.

Figure 3: Photosof SystemTwo. Left; Complete Utofia system with PC, ¢pside power, cable ad
housing.Right: Detail of rear part of housing. The thermal isolating flange is easy to remove for
cleaning and inspection.
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and laser (below), thermal fuse, back flange with voltage limiter (heater), pump and connector.
The Arduino computer isunder the grey flat cable and isconnected directly to theinterface circuit
board.

Primaryimprovementsre mostly the inclusion ofteeat transfer element between camera and back flange.
The new laser does not have a thick baseplate thermally connected to the back flange. Thisameant th
thermistor and voltage limiter had to be mounted on the back flange which has just a little free area. A
piece ofaluminium was used to connect the camera thermally to the back flange to give a more uniform
inside temperature. On thigece,the thermakwitch is mounted.

The housing for Systefiwo has a diameter df55mm and a length d70 mm (6.98 litres) The total
volume isa little more due to the connector and pump housing. The weight is aroun@it®ekgousing is
designed to withstand the psaise aB00meter depttand is tested 2&tbar (250 m).

2.2 Summary of experience with System Two

The first thing to notice is that System Two is much more like a product compared to System One. There
arefeatures included that facilitate operations. Theeshandles for carryingeyebolts for fixation and

tools for disassembling. The smaller size makes it easy to transport the system. The weight is larger than
the buoyancy so it will sink. In operation that means that we do not need to put weights maketa

sink. It will be possible to thin and lighten the flanges if neutral buoyancy is impoftarglternative

would be to add external buoyancy foam for weight sensitive platforms (ngROVS).

The machining of the parts seems to be good acdrake. The camera aligns well with the front flange
when everything is mounted togeth€he front and back flange are not rotational fixedhe housinglf

the back flange is forced to rotate relative to the front flange something inside will bretk.ddsembly
one must take care that the lens and laser optic is aligned with the front TThedaser ofic servesat a
key to fix the rotatiorbut it is not very strong.

The new beam optics works well. We have better efficiency and better unjfaandt brger beam
divergencehan before.

The denser interior and the new layout of the camera gave ground loops and interference that knocked out
the communication board. This was unexpected since we did not see sign of it in System One. The cables
where rerouted, shielded and the communicatimardb was isolated. Moving the communication board

from the camera housing to directly above the laser gave a penalty. Even the laser is in an aluminium
housing the &witch currengave interference in a critical frequency range/dopmivbably through th
grounding cables. The rerouting of the cables affected the planned featuRCaitimtrolledadditional

heating at start ug he denser layout has also affectedtthreng jitter of the laserThe timing jitteris

around 200 ps and dominated by noisi the trigger circuit rather thanndamental laser properties.
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With a more powerful laser and a smaller housing heating to operating temperature is much quicker and is
around 5 minutes. To boost the heating the top side box voltage moiutdreasedlhe voltage limiter

will draw more current such that the voltage drop in the cable will correspond to the voltage added. In
normal operation, there will be no or little current through the voltage limiter. When laser is idling the
voltage, limiter will drav current and limit the temperate drop inside the housing.

The new firmwaredeveloped byOdosworks very well.Most of the 3Dprocessing isiow donein the
camera. Thidas boosted the frame raWwhen the distancealculationis donein the camera, thdata
amount iggreatly reduced. This allows a higher framate. The camera will send ¢an intensity imagea
depth mapand 3D signal informatiorgt more than 10HZA new feature is binning of pixels. Binning
reducs the data amount and increaske sgnal to noise. The cost is lower resolution. It is possible to
have more binning in the depth image than in the intensity image. sThigdod thing since the depth
calculation is more sensitive to noise and the distance will vary more slowly tharetm@tinBinning is

a solution if you have to operate at a 100Mb/s Ethernet line.

The rew visualization softwargives nice images and sterienage data. The new softwaredéte user

control the camera to get the most outhef actual imagingituation/condition. The Utofia system is quite
flexible and can be configured in many ways. The amount of control parameters could be overwhelming
and difficult to optimise. With more experiendmetter guidelines and standards can be develdpes.
software is well suited to explore the fundamental limitatioh the system. The softwalgas been
developed in MatLab, C++ and C#/hile the reatime acquisition loop runs in C++/C#, Matlab is used

for the main display. In the project, this has provided gt benefits towards agility of development,

but now also means that doing display rates beyond 10 Hz is diffitudt.was a tradeff early in the
projectthatwe have to live with now.

2.3 Performance summary

We have tested System Two in two differamter qualities. In both situatispwe end up with the same
conclusion. Utofia is able to take useful images umtound4.5 attenuation lengths. One attenuation length

is the distance light is attenuated to B@%). In"1.5 m watet, we saw a targett&@ m distance. In water
gradually improving with depth from 2.5 to 4 m we saw a target at 14 m. In very clear water the signal
drop given by the inverse of the distance square will be significant. Utofia is able to eliminate backscatter
and obtain imagewith good contrastThe limitation is the signal to noise wh#lnmination is attenuated

by the water.

The standard deviation of the distance values in the 3D images is estimai2dio up to 3 attenuation
lengths for a white target. A 10% reflectiviiarget at 3 attenuation lengths will have a distance variation
of 510 cm.At 14 m range, we got a distance variation of 10 cm for a white targgummary:

A Intensityand 3Dimages up tet,5 attenuation lengths
A 3D precision 12 cm up to 3 attenuation lengths

We believe this system will open up many possibilities within the marine sciences, especially with regards
to fish behavior and size estimation.
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3 System Two components

3.1 Housing

This section provides onlg brief overviewof the housing, with the detailed design being described in
D4.3.

For practical reasons, some changes have been done. The windows are 15 mm thick due to delivery
problems with 20 mm acrylic plate with high optical quality. The pressusista@ce othe 15mm thick
camerawindow iscalculated t®8 bar (280mpy SUB That was assumed to be OK for System Two.

The total weight of the housing included eyebaltd bracketss 9,9 kg.The volume is 7 litres.

Figure 5: Housing. Left; Housing resting on the floor.Middle; Front of housing. The external vertical
diffusor is in the upper part attached with two M6 bolts.Two eyebolts with zinc anodeson the sides. A
bracket is mountedunder the camera window to be able taest the housing on the floor. Right; back of the
hosing with cable eyebolt, cooling water outlet (orange) and pump housingvith inlet filter.

Detailsof the housing is shown iRigure5. A handle could be mounted on the front flafigecarrying
(Figure6, middle imagg A bracket in the front makes | possible to place the housing on the floor without
damaging the window3.he easiest way to carry the housing is by a rope iey@bolt in the back flange.
Under operation the housing should be secured by a rope irfrbathand back flange. Thinermal
insulation on the back flange is easy to remove for service and inspection of the coolinffehalse
could be opened according to the instruction give(Figure6). When the front flange is removed the
windows can be pushed out and chanfjeecessary

Figure 6: How to open the housingBehind the bracket in the front there is adraw bead that
secures the front flangeThis is the greenplastic filament in the lower part of the left picture. Pull
this out with a plier. Mount the handle as seen in the middle picturand pull the front flange out.
For the back flange, Emove the eyéolt in the back flange(right picture). Under the bolt is a M8
thread. Screw ina long M8 bolt and pull the thermal isolation flange outUnder the thermal flange
is a draw beadas in the front flange. Pull it out, mount the handle barand pull out the back flange
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3.2 Laser

The System Two laser is shown fiigure?7. The new laser is more compact and delivers more power than
the S§stemOne laserlt has been operatingultless during all the test$he laser has buiin safety
features that protects the laséfhen the power is turned on tlaser willoperate norméf except that the
g-switchis not triggered before the temperature is in the right inte®eathere is no laar emission before

the laser is in the correct temperature interval. This interval is several degreessagabit to keep the
laser at the @rrect temperature for the cooling systérhe laser operates at a single supply voltage, the
built in DC-DC converters operates an input voltageetween 20 and 30 veltOutsidehis interval the
laser is shut off.

The laser has a mounting flange i tiear All the insice components are mounted on this flange. This
flange ismounted orto the back flange. Thermal grease is usethitmimize the temperature difference.
By stabilizing theback flange t@®2 °C optimum temperatureonditions are obtained inside the laser. The
laser temperature ggven by the diodes usedédcite the activatoms inside the laser crystabr optimum
excitation theemissionwavelengthmust be temperature tunéal match the absorptiomavelengthof the
laser crystal.The operation temperature can be chahgg ordering diodes with a different nominal
wavelength at 25CThe maximum seawater temperature dptimal operation oBystem Two is 2TC.
Above that the performance wilecreaseThe laser wil operatewith somewhateduced poweup to a
seawater temperatureoand 23C. Above thata protection circuit will shut down thader

In the front of the laser is a beam expanding,lsm@inted on the middle flange. The middle flangbése

to support the housing and is not part of the |d&etuween the rear flange and the middle flange tiseme
two-piece cover, one flat part with connectors and angved part. System taesshowed that it was
necessary to tapgbe two parts togethaevith copper tap¢o reduce electromagnetic interference from the
laser System Two is very dense in the rear part@edtromagnetiinterference (EN) has been a larger
isaue than expected.

Figure 7: System Two &ser, out of the box to the left and nounted to the right. The laser emits3-
3,5 mJ per pulseup to 1kHz repetition rate. The timing jitter is 200 psRMS.

UTOFIA33098 150f 61




Figure 8: Jitter measurement. The cameratrigger signal is picked outfrom the laser signal
connector(blue trace in right picture). The laser pulse is picked up by &igh-speeddetector (green
trace in right picture). The RMS timing jitter between the pulsesis measuredby an oscilloscope
function to around 200 ps. Just bfore the laser pulse arinterference from the g-switch can be
picked up. There is less than 50 ps jitter between-gwitch and laser

The laser jitter has beaneasured in two waysoth giving around 200 ps jitter. This dsrespectable
numberand webelieve it can be even bett&he timing jitter between camera trigger pulse and lasisep
emissionis measuredvith an oscilloscopas described ifrigure 8. The main contribution to the jitter
seems to baoise in the eswitch triggercircuit inside the laseramerated by DEDC convertesinside the
laser. As can be seen iRigure8 the interference picked up on thi@ger signal and on the laser shield
(yellow trace)is easy tsee. The frequency content of thignal seems to be in a sensitive domain for the
Ethernet communication module. Initiallye communication module was knocked out as soon as the q
switch was turned on.

The timingjitter wasalsoestimated fronseveralddelayswees. A sweep is showim Figure9. Comparing
mean image intensity in the central part of the image, for several consecutive sweeps reveals information
about laser intensity i&e and jitter.
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Figure 9: Estimation of laser timing jitter. The blue curve inthe left picture shows adelay sweep
for a flat target. Intensity variation is measuredat delay step 14 and 20, shown to the righ#&t
delay 14 timing jitter will contribute to timing jitter due to the slope in the camera response. A
jitter of 200 ps corresponds to theobserved increase inntensity noise.

In Figure9 we show relative intensity variations for Intensity noise, taken at sweep position 20, where
timing jitter has little or no effect omeasured intensity, afitter noise, taken at sweep position 14, where
timing jitter has large effect on measured intensity. We see that the intensity noise is 2.2 %, well within
specs. Jitter noise and intensity noise combined is 7.1 %, which gives a jitter noise alone of 6.8 %. From
the sweep, we observe that the intensity increag&$ 86 pr delay step (or 33 % pr ns) at delay step 14.
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The observed jitter noise of 6.8 % can then be explained by a jitter of 20bipds in line with the
measurements performed with the oscilloscapéhis setup, the housing is close®otential noisérom
test wires and a@dlloscopetrigger errors are eliminated.

3.3 Beam optics

The beam expwsion consists of the laser lens, mounted on the laser housing, giving a beam divergence of
around 6° (FWHM), and two crossed lenticular arrapained near the exit windovDne lenticular array

is glued onto the inside of the laser exit window, and one is mounted outside of this window. In
combination, this gives a nearly tbat, rectangular beam profile. Several configurations have been
designed, ezh corresponding to a desired image format (pixel resolufltn@ defaulill umination profile

is shown inFigure10.
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Figure 10: lllumination profile with crossed lenticulars LN611. This image is taken withthe
underwater housing submerged in an aquariumooking through a side wall. The external diffusor
must be submergedo operate as intended

With the system submerged imater tank, looking at a curtain in air, we get the following resthis.

image resolutionvas measured @77 pixels / meter at a distance of 260 cm, giving 2.1 mm / pikéd.

is a horizontal field of view of 52 degrees (full angle) in air using Ji4és as widthUsing camera data

with 14 um pixels and 17.5 mm focal length, the corresponding value is also 52 degrees, which corresponds
to 38 deg in water.

Figure 11 and Figure 12 showthe observed intensity profile measured both using the camera and by
moving a power meter across the scene. Tvewes are scaled using the results above, the intensity values

are scatd based on the power meter measurements and the size of the power meter measurement head.
Both horizontal and vertical fields of illumination have the width expected from Zemax optical simulations,
however, the profiles are slightly lessoat than expeted.This could be due to imperfect lenticular shape

or other effects.
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Figure 11: Horizontal illumination profile. The internal diffuser is an acrylic lenticular array,
LN611. The blue profile is measured by the camera and thead is measured by a power meter
scanning the target. The difference isaused primarily by vignetting.

Figure 12: Vertical illumination profile. The external diffuser is an acrylic lenticular array, LN611.
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The profile is measuredby the camera

Integrating over the entire image, we reach an estimated power at the scene of 1.5 W at 850 Hz repetition
rate, corresponding to 1.8 W at 1000 Hz. This is in reasonable agreement with the expected power reaching
the scene, taking into aaaat the reflection and transmission losses of two lenticulars, housing window,

water and glass wall, and vignetting from the lens.

The field of illumination can be increased by using diffusers made of polycarli®@td>olycarbonate
has a higher indexf @efraction, 1.59 compared to 1.49 for acrnflRMMA). The same lenticular profile
(LN611) will give a wider illumination.We have made one laser window with PMMA diffusor and one
with PC diffusor. There are also two versions of the external diffuser PedMA and one PC. This is

shown inFigurel3.




Figure 13: Beam optics. Left imae: Ieticular array is glued to an acrylic windowThe upper
left part showsthe window with PC diffusor. Under window external diffusors in PMMA and PC
are shown.Right image shows the window mouting and the mounting holes for the external
diffusor.

3.4 Camera

The System Two camera is mechanically similar to the front of a staBdastamera and uses the 14um
pitch sensor fron®dos All tests are done with this sensor. The new FHG chip could barutssifuture
with minor modifications of the housinglt will fit inside the front of at©doscamerabut the FHG sensor
board uses aocket resulting in a longeameraSince the FHG camera has a smaller @ripther lens
will probably be needed.

Firmware inside the camera is updated and includes new feabatearé defined in D5.4. The main
difference is that the camera will give depth estimates at > 10 HatepThere are also humerous other
features to improve image quality. Like taking background images for automatic background subtraction,
do pixel biming to increase signal to noise and interleaved sequencer acquisition.

Extensive functional testing was perfoed of the added functionality. Here we will summarize the main
findings.

3.4.1 Interleaved vs noAnterleaved acquisition

Assuming we would like tocjuire images at R ranges and 2 accumulations per rangeicterteaved
acquisition would sequence these images as foll0®EOHONOM HONKO, while an interleaved
acquisition would sequence these images as foll@#OB FOROROM HO.

In the sweeps that we acquire, the first image of the sweep is most often a "background” image, i.e. an
image gated far away (>20m) such that a minimal number of photons hit the sensor. We have found that it
is important to hee an as wo-date background image as possible to reduce the effect offateztn

noise when we are operating in ldight situations. Interleaving the sequence provide us with the most
recent estimate of the background image.

There is a tradeff with respect to interleaving the sequence when there is a relative motion between the
camera and objects of intere&tresult of interleaving the acquisition is that the total exposure time of a
single range image is the total acquisition time of the whaleep. If the sequencir setup to acquire
sweep at 10Hzwith interleaving the exposure time is 100ms. Figure 14 we show the effects of
interleaving the acquisition on both the depth map as well as the intensity image. A pallet is hanging from
the ceiling and moving as a pendulum left to right. At the boundary between the pallet and the background
there is a large depth boundary (and intensityndaty). The topow show an intensity image and an
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