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ABSTRACT: Experiments are widely used obtain validation data for numericmodelsin well-controllec
flow conditions. One difficulty when conducting expments is the selection of appropriate measuremen
techniques. Most of the current techniques can ocapture a small portion of the area of interest ssme of
them are also intrusive. This study uses photograimnto determine the water elevation in a wideaaep-
resenting a scale model of the Dahan creek in Traiwé&hout perturbing the flow. In this work, steaitbws
over a fixed bed (without sediment transport) asestigated. Based on the obtained results, thabdédpes
and limitations of the photogrammetry in capturihg flow features are discussed.

1 INTRODUCTION the second required strong assumptions in order to
use the Bernoulli equation to link the velocitythe
Many numerical models have been developed for thelevation.
simulation of flows in arbitrary bathymetries. Te&-a  Aureli et al (2011) used a light-absorption meth-
sess the capabilities of those models, the sinaumlati od to capture the water level during a dam-break on
results have to be compared to data obtained durirg flat bed. With the combination of a backlighting
experiments. diffusing light and a colored solution, the authors
To measure water levels, different methods can beould determine the water depths from recorded
used such as resistive gauges that are slightly-int RGB values. The determination is possible because
sive and provide only point measurements, or nornthe absorption is a function of the wavelength and
intrusive image capture through a side panel (e.ghe water depth. The method showed promising re-
Lauber and Hager 1998; Soares-Frazao 2007) or usults. However, it suffers the limitation of beingl-
ing a laser-sheet (e.g. Soares-Fragfical. 2007; id only on a flat bed or a smoothly varying bed.
Rousseauwet al. 2016), which provide data along a The research presented here uses photogrammetry
given section. These techniques allow the measur#s capture the whole water free-surface elevation.
ment of a continuous flow profile along the consid- According to Schenk (2005), photogrammetry is
ered axis. However, these are restricted to theipos defined as the science of obtaining reliable infor-
bility of having optical access to the area ofiegt  mation about the properties of surfaces and objects
in the flow. In cases of complex topographies, suchvithout physical contact with the objects, and of
an optical access is not always available. measuring and interpreting this information. The in
Some attempts were made to apply particle detedormation is obtained by taking several overlapping
tion to floating tracers in steady flows to reconst  pictures (stereopsis) issued from different view-
the free surface but this technique also presesged points in order to reconstruct a 3D geometry. This
rious drawbacks. For example, in Douxcharepal = method has the advantage of being both non-
(2005), the authors used two alternative techniquestrusive and able to capture a wide area. Thogse tw
to determine the free surface position: stereoscopicharacteristics are interesting for capturing water
matching of particles on the free surface filmed byevel while performing experiments, or in the field
two cameras, and estimation of the free-surface ele Photogrammetry is here applied to an experiment
vation based on the horizontal velocity measured usonducted at the National Taiwan University. The
ing a single camera. They obtained acceptable r&ase considered is a scale model of the Dahan,creek
sults but highlighted difficulties in both methods. located upstream of the Shihmen reservoir in the
The first method suffered from many errors due tanorthern part of Taiwan. This creek is characterize
the difficulty of identifying accurately the parégs by a complex topography, with a main channel and
and positioning them in the vertical direction vehil floodplains limited by cliffs and then higher tama



and featuring abrupt changes in the cross-sectic
shape (Figure 1).

The goal of this experiment is to assess the cap
bilities of this technique in capturing the watevél
for a flow in a completely arbitrary topography.

The paper is organized as follow: in section 2, the
experiment and measurement technique are detaile
Then, results are presented and validated in $ectic
3. Finally, conclusions about the capabilities bbp
togrammetry in the domain of experimental hydrau
lics are drawn. Several possibilities of improvemen
are also highlighted.

2 EXPERIMENTAL SETUP

The 1/2500 scaled model was constructed in fibe
glass reinforced polyester (Figure 1). The topogra
phy was created from field measurements and map
To obtain an accurate representation of the tereain
mold was cut out of a block of Styrofoam by a
Computer Numerical Controlled Styrofoam Cutter.
As Styrofoam is not water tight and highly resistan ¢
a layer of fiberglass-reinforced polyester was adde
on top of it.
Considering the important scale factor, a verti
cal / horizontal distortion of a factor 7 has begn
plied in order to obtain measurable water-depths i
the model. The vertical scale is thus 7/2500. The f
nal model, illustrated in Figure 1, is 12 m longdan
2 m wide. :
In order to reproduce the observed water dept Tk
taking into account the distortion factor appli#ds  Figure 1. Experimental seup
necessary to have an adapted high value of the Man-
ning coefficient. This is not achievable with a cha
nel in polyester. Therefore, a higher friction isat- To impose the discharge, a reservoir with a rotat-
ed using small acrylic cubes placed on the riverbedng door was built. Inside the reservoir, the water
Their size (3 mm) and distribution were selected tdevel was kept constant using a system of pumps.
reach the expected water depths without affectinhus, the inclination of the door could control the
too much the water surface, i.e. without creating alischarge exiting by overflow.
step-pool behavior. The 3 mm height in the model As can be seen in Figure 1, a waterfall is created
corresponds to approximately 1 m in the prototypeat the exit of the reservoir. To diminish the eyen{
this is non-negligible but the increase of frictisn the flow there and prevent this waterfall to attes
important to reach the correct measured water depthbehavior of the flow in the rest of the channelis
Three different discharges are considered. Theipation pool has been added at the upstream end of
lower one corresponds to a flow restricted to thehe model.
main channel withQ = 0.93 I/s, corresponding ap-
proximately to 16 000 #s in the prototype. The
largest one corresponds to the peak discharge that 3 DATA ACQUISITION AND TREATMENT

could be reasonably expected in case of a dam fail- . _
ure at the Shihmen Reservoir, with= 2.37 I/s, i.e. The water free surface elevation was measured using

approximately 40 000 #s in the prototype. The last Photogrammetry. The technique is briefly recalled,
one corresponds to intermediary conditions, vgth and then its application to the present case is de-
= 1.48 I/s, i.e. approximately 25 00G/min the pro- SC'ibed.

totype.



3.1 Photogrammetry for level measurements scaled and oriented using information from the iden

Photogrammetry is used to reconstruct the 3D watdfied objects.
surface from aerial photographs.

First, photographs should be captured with 3.2 Application to the Dahan creek model

enough overlap: a minimum of 60% Is reCommend'Several reference points have been placed to ensure
ed (Ippoliti et al, Figure 2). With this overlap, P P

points on the domain are captured from difl‘erenfecognition and scaling during data treatment (Fig-

points of view and thus with different angles. Tdes ure 1). Their position has been determined using a

different angles will allow the correct positionind L(Jrgalzn?jtaztlggcgggs ailﬁc;;aclé/ gfrr:rr:]e irﬁofj?ét::litgnTﬁe
the photographs gie, :

positioning of these reference points is cruciall an
presents some difficulties. To ensure the correet p
sitioning and orientation of the pictures in thesw
step of the treatment, a sufficient number of refer
ence points should be captured in the entire set of
pictures. In addition, these detected referencatpoi
should be distributed randomly to prevent any ambi-
guities in the picture positioning, which could hap
pen if the reference points appear aligned on a pic
ture. This constraint is enhanced by the fact tiat
reference point can be used if submerged.

To satisfy as much as possible these recommen-
dations, 72 reference points have been placeden th
channel, on the small plateaus, out of the reach of
the flow and as close as possible to the main chan-

nel. The average distance between two consecutive

~ Then, the treatment starts by correcting the distofeference points (on the same bank) is thus 0.2 m.
tions of the camera (Figure 3); these optical disto

tions are created by the lens and can be corrected
knowing the characteristics of the lens used.

Figure 2. Sketch of the pictures capture

Figure 4: Example of reference points (12-bit diacu

Any type of reference points can be used. In this
case, 12-bit circular reference points (Figure @eh
been used, because they can easily be recognizec
(position and number) by the software used in the
pictures treatment.

The pictures were captured using four synchro-
Figure 3. Distortion correction: original pictura)(and picture  njzed cameras (see Table 1). The synchronization
after correction (b) was controlled by four independent flashes. It was
necessary to use four flashes in order to obtain un
formly bright pictures and a recycling time low
tenough to be able to take many pictures in a short
time. To synchronize correctly the pictures, themo
was kept completely dark and the cameras were set
in long exposure mode. That way, the flash ensures
that all the pictures are taken at exactly the same
time. The area covered by one set of pictures 4s ap
proximately 2 by 2 meters. The set of cameras is
.thus moved twelve times to cover the complete do-
'Pnain with enough overlap. This is relatively easy f

ment consists in a correct positioning and orieomat
of the pictures. It is determined using other piesu
by matching identical points with a known position.
Finally, elevation data can be extracted from pix
els information to create a cloud of points with
known properties (e.g. coordinates of points, size...
In the third step of the treatment, a mesh is exkat
by interpolation between the points. The mesh



steady flows, as the water surface is considered st

ble. In the first stage, in order to obtain good quality
pictures, the free-surface detection was improwed b
Table 1. Cameras used in the experiments. adding blue dye to the water in order to make it an
Camera Type Lens focal length opaque surface. In addition, for each steady flow
Nikon D3 >4 mm case and for each camera position, ten sets of pic-
Nikon D200 18 mm tures were taken to obtain an average water level.
Nikon D7000 18 mm Figure 5a shows such a picture, where eight refer-
Nikon D7000 18 mm ence points can be identified, and the water sarfac

can be identified as a darker area.

Before starting the experiment, pictures of the dry In a second stage (Figure 5b), the sets of pictures
bed have been taken to obtain a reference situati@ie treated using the commercial software Agisoft
to extract water depths. Then, the flow measuremefthotoscan. This software, first, corrects the pesu
process was realized in three consecutive stages flonsidering the lens deformation and positions them
lustrated in Figure 5: (1) capture of pictures (Ffey in the global system of coordinates. This step uses
5a), (2) treatment of the pictures to obtain theefr recognizable features in the photographs sucheas th
surface (Figure 5b), (3) validation and furthemtre reference points or points with enough texture.
ments of the results, in order to extract the water The last treatment in the process is to assemble

depths (Figure 5c¢). These stages are described gee meshes created with Photoscan. To obtain the
low. steady water level, the values given by each of the

ten meshes corresponding to the ten sets of pgture
are time averaged. The results are thus smootleen an
depend less on local errors or fluctuations. Fnall
the bed level mesh, obtained from the dry-bed pic-
tures, is subtracted from the water level meshrde p
vide the water depth in the whole domain (Figure
5¢).

4 RESULTS AND DISCUSSIONS

To assess the accuracy of the complete process, two
cross-sections S1 and S2 have been measured manu
ally using a point-gauge (Figure 6). Both the water
level and the bed level were measured, for a dis-
charge of 2.37 I/s. In addition, the experiment was
repeated twice with the same discharge (i.e. 10 pic
tures for each position of the camera, for eacthef

two experiments), as well as the treatment with the
two sets of pictures to verify the good reprodueibi

ity of the experiment.

D e S [ e o
Figure 6: Location of the cross-sections S1 andsg2l for the

verification of the photogrammetry measurement&g@ion
of the flow indicated by an arrow)

LA
g0

Figure 5: Complete process to obtain results: €3 8f four Then, the bed level, water level and water-depths
pictures taken on the flume (only one is represkhtze), (b) obtained by the photogrammetry measurements for

Determination of the level using the commerciatwafe Pho- these two cross-sections were compared to the man-
toscan, and (c) Final treatment of the data anchetidon of the P

water depth ual measurements (Figures 7 and 8).



The results in the main channel, where the water Furthermore, water depths lower than 3 mm will
is the deepest, show a good agreement and reprodumt be correctly represented, as there would beesom
ibility. However, low water depths on the flood interference with the acrylic blocks placed to in-
plains are not correctly captured and feature morgrease the friction. These blocks would also have a
variations from one test to the other. This prom?”?mpact on the flow pattern with low water depttisth
could be caused by a lack of texture or a t00 imghq|d be kept in mind if the results from the expe
portant transparency of the water. A consequence ﬂ‘cent should be compared to numerical simulations.
an excessive transparency is that a limit withia th To study the averaging process of the different
water column is detected instead of the water SUfzaiar jevel meshes, Figure 9 shows the envelope of
face, yielding an incorrect value for the waterelev the water depth for the first section. The envelispe

defined with the limits: Mean + Standard deviation.
Figure 10 illustrates the results obtained for dif-
ferent discharges (0.93 I/s, 1.48 I/s and 2.37 kg

water depth is represented using a gray scale, the
deepest water being the darkest.
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Figure 7: Comparison of the bed and water levetaioed by  Figure 8: Comparisons of the water depth obtainggHmnto-
photogrammetry (lines) and measured manually (ems§d  grammetry for the two repeated experiments (lieeg) meas-
dots) for (a) cross-section S1, (b) cross-sect®n S

ured with point-measurements (crosses) for (a)sesestion
S1, (b) cross-section S2
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flow in one run. This would reduce the number run
needed to characterize the whole domain.

() 0=0.931s

0 0.02 0.04 0.06 0.08 0.1
§ (m) (b) 0=1.481/s Depth (m)
Figure 9: Envelope obtained for the second seclitve. enve- 0.07
lope is constructed using Mean * Standard deviatfotne 10 0.06
meshes
0.04
The results generally agree well qualitatively with 0.03
what was observed during the experiment. Howeve =
as observed before (Figures 7 and 8), problems | 0.01
the flood plains are present for the discharge o - E
1.48 I/s (Figure 10b, indicated by the black arrow) ° =0
where there seems to be water coming from no-
where, not linked to the rest of the flow. (c)0=2371s Depth (m)
As can be expected, the water depth increase 0.07
with the discharge. In the first case, water isriets 0.06
ed to the main channel. In the second case, wat
starts to appear on the flood plain. Finally, fbe t 0.04
last two cases corresponding to the repeated expe
ment, with the largest discharges, water floods 0.03
large area on the flood plains. =
The measurement techniqgue was able to captu 0.01
the hydraulic jump (darkest colors) at the narrgwin | :
part of the channel, as observed during the exper. =0
ments. (d)0=2.371s Depth (m)
' 0.07
5 CONCLUSIONS AND FUTURE WORK 000
The use of photogrammetry to capture water level il 0.04
experiments conducted in a scale model of the De
han creek has been presented. - 0.03
Photogrammetry is able to provide accurate re 001

sults even though it showed some difficulties with
low water depth despite the use of dye. A way tc
solve this problem might be to increase the concen-
tration of dye in Wate'f or to use other WaYS tf) a‘dq:igurelo: Water depths results for tests with atdisge of (a)
texture to the flow. This could be done addingipart o 93 /s, (b) 1.48 Ifs, (c-d) 2.37 lis. The direatiof the flow is
cles or an oil film on the water; the solution sliou indicated by the white arrow
be selected to have the least impact on the flow.

Future work will focus on the improving of shal-
low water recognition. The use of photogrammetry
to capture transient flows should also be investiga
ed. This technique could help a lot in these experi
ments by allowing the capture of a wide area of the

i
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Rousseaux, G., Mougenot J-M., Chatellier, L., Dakid
However, several challenges would need to be and Calluaud, D.,2016. A novel method to geneidte t
faced in order to use photogrammetry in transient al-like bores in the laboratorfuropean Journal of

flows. Mechanics, B/Fluid§5: 31-38
First, the time elapsed between two consecutivéchenk, T. 2005. Introduction to Photogrammetrge Ohio
pictures is controlled by the flashes used. In éxis State Universitycourse)

: : Soares-Frazéo, S., Le Grelle, N., Spinewine, Bd, Zech, Y.
periment, the use of four mdependent flashes, Wltﬁ 2007. Dam-break induced morphological changes in a

independent power supplies, allowed to take afset 0 cpannel with uniform sediments: measurements tasert
pictures every second, but not faster without Igsin  sheet imaging techniquelournal of Hydraulic Research
quality. This poses a limitation to the type ofnsa 45:13-16
ent flows that could be captured. Real dam break cyoares-Frazéo, S. 2007. Experiments of dam-bresk oreer a
transient flows in arbitrary topographies wouldy-cu ';réag%ular bottom sill.Journal of Hydraulic Research5:
rently, be out of reach (with the technique used in )
this paper).
Second, in order to reconstruct the complete do-
main from different data set, it would be necessary
to have pictures taken at the same time but irediff
ent positions. This would need a complete automa-
tized system to control the beginning of the tesg.(
the starting of the pumps, or, in this case, thenep
ing of the door) and the capture of the pictures- A
other solution would be to increase the number of
cameras. However, this is not the most practical so
lution as, for example, 48 pictures were necestary
represent the full domain in the experiments priesen
ed here. To improve the results, as in the steady
state, every set of pictures should be duplicaidukt
able to determine an average water level. This in-
crease the importance of a well-timed experiment.
This is not as important in the case of a steaoly fl
as it can be assumed that the water level does not
change when moving the cameras set.
Finally, photogrammetry could be applied to
monitor the morphological evolution in flows over
movable beds by, for example, projecting a grid on
the bed surface (Frank and Hager, 2015)
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