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PIV 57T 44

The fundamental idea behind the PIV technique is detection of
movement of flow tracers in consecutive images.

« PIV (Particle Image
Ve ocimetry) & 1B IFE
LS E) HS'Zm - HIFRS

- SZEEEEAT (high spatial
resolution)

- JEFEBE T (non-instructive)
- B MR MO =15 (real-time)

HE

- BEMARAR (velocity at - l
distribution successive time)

https://www.dantecdynamics.com/measurement-principles-of-piv
Adrian (1991), Particle-imaging techniques for experimental fluid mechanics, Annual Review of
Fluid Mechanics. DOI: 10.1146/annurev.fluid.23.1.261
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limited adaptive histogram equalization, CLAHE)

- S8B K (high-pass filter)
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- SR EMEE (Intensity capping)
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f& A 2= f5l-MLSPIV

c THNAREBHEZE=EN A
#t (Mobile large-scale
particle image velocimetry)

- HIIF R &1L (visualization)
- 2 bmBEH 4 ENRFAF19)
- SZEEAEAT  BIIF ~ EE

(high spatial resolution, real-
time, fully digital)

Power Generator, Batter fes c ntrol a le Processing Unit
Charger, UPS, Tool Box, Fued Tank omputer, Remote Control, D 2=l

Kim et al. (2008), Stream discharge using mobile large-scale particlé‘image Velocimetry: a proof of
concept, Water Resour. Res., 44, W09502, doi: 10.1029/2006WR005441.
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f& A 2= f5l-MLSPIV

- 1 3B K aE (setup the truck and
peripherals)

- 2 BN E K BgEE (Camera
positioning and image acquisition)

- 3 BRI MR MME(Image processing
to obtain the velocity fields and
discharge)

o #FH Y154 -No obstructive conditions
(topographic or vegetation)

Kim et al. (2008), Stream discharge using mobile large-scale particle image velocimetry a proof of
concept, Water Resour. Res., 44, W09502, doi: 10.1029/2006WR005441.
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f& A 2= f5l-MLSPIV

- ;R EZEB2%EF (oblique angle to the
flow surface, perspective projection
distortion)

« HEMZEBSZMETROERLR - K&
H AR 1E(with a set of GRP of known

locations, corrects for the distortion). | R o
BOBRBIAZESEY  HEAEEE l L
AT 7K TE B2 i

L GRpﬁfjmgzﬂ*ﬂT PLEEHTotal station =k it
E=GPSHRIEEIF

Kim et al. (2008), Stream discharge using mobile large-scale particle image ve — . h,
concept, Water Resour. Res., 44, W09502, doi: 10.1029/2006WR005441. o ' :
- P Volocity Index
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=12 B Image acquisition

- FHBARU DB EMEREHER Seeding of the
flow with neutrally buoyant tracer particles

 MHmBERRIE 2R ERFMSIERHENER The
field conditions provide natural seeding such as
foam or floatlng debris.

- BREMERASTEUHEMIRFEEERIEEZRE
i{ﬁﬁ Natural seeding defines any particular
combination of factors that produce visible
patterns at the free surface.

Kim et al. (2008), Stream discharge using mobile large-scale particle image velocimetry: a proof of
concept, Water Resour. Res., 44, W09502, doi: 10.1029/2006WR005441.
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- B2 E18-Image processing

« RPIVIID - ISR EETRARDL o= s
& Using standard PIV techniques,a | /5 1+ 35597 gy
pair of images is processed to L% R RN R
estimate surface velocity. o f fuj NL\ R o

- BEGIRBEE I TAESEE - B Lo S
SEHMARITES Theimagesare 7
divided into several interrogation =
and search areas, and search areas - :
are larger than interrogation areas.

(Fujita et al. 1998) a8

AR 0 2014 > JEAE B GO N AR 2 75 B 5 115347 2014 Taiwan Rock

Engineering Symposium, Wufeng, Taichung, Taiwan.

Kim et al. (2008), Stream discharge using mobile large-scale particle image velocimetry: a proof of
concept, Water Resour. Res., 44, W09502, doi: 10.1029/2006WR005441.
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5/1%}2_E_:—Image processing

« 3SR E( |nterr09qtion area ) KEB& T e YW
AGHERBEGTEEZSOE Lo St Lo el
(dlsplacement vector) ° B e iz e

o ‘ - Jr—vlfn-- p .

: 1@/;|Liﬁﬁ’1%ﬁ5_fﬂ§(surfacevelocity ~f Bl 2 i 3
vector)EE M RENREFMREWZE&EN [ g

EItE -
° \)L_ Iz__zﬁ@m%@;uLL%;EE|9¢BL§,E@/)IL X[o] 5=
B TR S B TS

- EHEREARENEBRERMEZER - Whe
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AR 0 2014 > JEAE B GO N AR 2 75 B 5 115347 2014 Taiwan Rock

Engineering Symposium, Wufeng, Taichung, Taiwan.

Kim et al. (2008), Stream discharge using mobile large-scale particle image velocimetry: a proof of
concept, Water Resour. Res., 44, W09502, doi: 10.1029/2006WR005441.
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Method Accuracy

e iREACEM RS HIPEER DA : BBBA(illumination) ~ B BLRIT
(seeding) * ®&4CEk(recording) ~ B (transformation) ~ £&
AR (processing) ~ & & E&3E (post-processing) -

. %i@?ﬁ%(&obal errors)E =G HEEREER - B2 E 2 ZE

- EEFRZ=(Local errors) 2 E9t— B AR 55 —1E 55 155 -

c MR IS - MBEZEEZREARNELIONZA (the errors were
within 10% of the reference velocity) -

- SHIEEEEZRISMSRIRENEE - FESRATNESR
RFRIE °

Kim et al. (2008), Stream discharge using mobile large-scale particle image velocimetry: a proof of
concept, Water Resour. Res., 44, W09502, doi: 10.1029/2006WR005441.
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« Mobile LSPIV ol A= BB/ E R - =P\
FE/N2PRENEZRMATF

o« IERFBIEZS5ERZERIR : 1EHt(tracing) - BUREE
(sampling t|me) Eﬁﬁﬁ(dlstance) HHEE*%%(GRP)’
’;‘Eﬁb\f(seedlng density) -

IR EM SR AREEUSGSE AIBELEBRFRE R B-2%
(5.2m3/s - 5.1m3/s) - MmElfERStreamPro ADCPRZ=E
#5-5.5% (4.9m3/s — 5.1m3/s)

Kim et al. (2008), Stream discharge using mobile large-scale particle image velocimetry: a proof of
concept, Water Resour. Res., 44, W09502, doi: 10.1029/2006WR005441.
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flow velocities {?T»::m;

Theule et al. (2008), Exploiting LSPIV to assess debris-flow velocities i

BE X - BX

The Gadria catchment (Venosta Valley, South
Tyrol, eastern Italian Alps)

Area: 6.3 km? (EL: 1394~ 2945 ma.s. |.)
Average Slope: 79.1%

The catchment prone to rockfall, landslides,
avalanches, and debris flows.

Mean volume of debris flow: 14,000 m3.
Sediment yield: 5200 m3km-2yr1.

Z Hl-LSPIV to assess debris-

\ . Cabxn

Videocamera

Geophane
N Rada stage sensor

Radar and geophone

—- -

Rain gauge

| I Catchmant beundary

Earth Syst. Sci., 18, 1-13, https://doi.org/10.5194/nhess-18-1-2018.
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Setting

TamEtERMaZREMameRE: Cam 1 i EER
@ - Cam 280284 [@ MiFrs(mE -

B 3BIE AR i UERE -

B AR EAIRE DT ER - EHEEFERFTEE
(triggered by a rain gauge) °

« LSPIVAMTEFERESH2(MOBOTIX M12 video
cameras) °

- mEH1ASRIZRAXSEINE - HES=Z/ AR - ML

EEESEHEXN/N - AESLSPIVOER -

« MRAM2URIEN L - BB ZLSPIVEEAIS12-46m
A4t - BEHAMZEER -

. %%ﬁ’fMEUEEEEAEEmLfI:J - N BB E
WhiEiR - SERIEA DT o

« Camera frequency: 2-3 fps; Resolution: 5cm/pixel;

RTDT sortisamia

2013 2014 2015

resolution

alignment error near
the flow plane

# reference points
interrogation area

search area (pixels)

time step
grid

drea

5 cm pixel !

3 10em 4 Tem  EB-13cm

13 13 14

26 pixel (1.3 m)

T5-100 down; 5 up;
35-50 left; 30-50 right

03335 05s 05s

0.4-1.2m

28-35m long and 7-32 m wide
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LSPIV calculation

NAS#ETEEE R (High-resolution point

clouds )E R BARESZE, -

- REDTEE (interrogation area, IA ) ZER -
ETOMHERBRBGETE -

- SRE—(EREERENZE ERE(travel
distance) -

« IARRTE/26%26 pixel (1.3x1.3m); search areazk
E4375-100 pixels (3.75-5m) -

- ABEEXS0.7m -

. SEET - B RASITHRE  EARAEE
Noisy doto)  WESHERROWARMAT o
NFEE - EERIERE 2 S - '
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LSPIV calculation

 SIEREMENZEE D MIRE ViairE S| AR
FE R Bl (direction and velocity fluctuation) - H

ol BB T AR B A RY4S tE (turbulence of
the various debris-flow surges.) -

o #EKEZEARIEE : directional variation (Ty)
and velocity variation (T,).

« Small T, and T, characterize laminar flow
conditions

« High T,, and T, characterize more turbulent
flows

« AN ﬁ@UiE}fﬁ}ﬁ"%&EFﬁMde osition and

remoblllzatlon) SRR E Jttﬁﬁm,n\EEEU:I:E
NS
JILJILEE
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Cam 2

Cam 3

2011

2013

2015
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« 2011 22015HTE45SH

« 2011 event: hyper concentrated flow
« 2013 event: debris-flow; 2014 event: debris-flow
« 2015 event: woody debris, muddier flow, visco-plastic flow

Event Surge Time LSPIV Visual Radar sensors (70 and 150 m
upstream from LSPIV)

velocity  width Ty Ty sediment  velocity | velocity average height
(ms— 1) (m) ™) (m s_'} concentration  (m s_l} (m 5_'} {m)

2011  HF surge 18:00-18:30 - - - - | low — | 2.6
2013 SI front 17:23:10-17:23:26 44 19 245 2.7 high 44 5.7 1.9
S1 inter. 17:23:35-17:23:42 31 18 152 1.3 medium 24 - 1.6
S1 tail 17:23:43-17:24:05 1.9 17 246 1.3 medium 26 - 1.0
2014  Pre-surge 17:13:45-17:15:13 3.2 7 338 22 low 2.7 - 04
S1* 17:22:01-17:22:17 4.6 23 360 28 medium 5.6 53 1
S1 tail* 17:22:20-17:22:49 42 13 326 3 medium 4.4 48 0.5
52 17:25:43-17:26:04 31 22 323 2.8 high 33 4.1 0.9
52 tail 17:26:10-17:27:00 29 15 341 2.6 high 2.8 36 0.7
53 17:29:24-17:29:40 39 14 323 33 high 44 4.8 0.9
S4 (wave)  17:30:13-17:30:21 6.2 8 313 4.2 low 6.9 35 0.7
2015 S1 17:16:52-17:17:15 5.6 14 332 3.0 low 49 - 0.8
52 17:20:05-17:21:02 2.5 17 307 2.8 high 30 35 0.8
53 17:23:30-17:24:01 2.2 22 292 2.5 high 1.5 35 1.25
S4 17:24:25-17:25:12 0.6 200 215 1.1 very high 0.7 - 0.6
S5 17:26:54-17:27:39 0.8 16 94 0.6 very high 1.0 - 0.8

* The first actual debris-flow surge stopped between the LSPIV and the radar. It remobilized with 81.
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Surface flow velocities

« JEIOEREMRENA 0.61t06.2m/s -

- ZMAEE(T,)EH:H%%5 0.6to4.6 m/s

« ZXMAE(T,)EE#X% 941036 -

- 20132 3EEB3fps; 2014 K 20158 ZEER A
2fps -

« 2014 SAPRERE X MR E(T,) RIS - olgEEHER
< H K E 52 2 (wave passing through slurry) -

. LSPIVRE B EE R - HEROR0.1m/s -
2EZ50.54 m/s -

o LSPIVIAEREMERIBE - HREXRSLEEIRRK
B -

- BHIEFFETF 2)E NG ER (feature picking)i
gﬁ@ﬁﬁﬁ%ﬁ% - HERA KB ERARERE
LR °
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Surface flow velocities

@

+ The LSPIV velocities vs radar sensors (70- - "I
150m upstream) vs feature picking
(orthorectified image). A TR

[y

 LISPIVEHIFREMREAF EZGEER - HER
#750.9m/s - BEZES0.25m/s ° ? e rem i
- EEMRABENAISHRE  BrgE . T -
20155HISSHF - EAnam it hs(visco- £, s, 02
plastlc surges) - thee,\/uLE}JFJJ:_JZ NS A
2~ /EZIJJﬂ&@J  BEMESEEAS ﬁﬁ =, -tk
AR IEENE - T

o 1 2 3 4 5 6 7

Reference velocity (m s}
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Pattern of flow velocities from
the 2013 debris flow

+ Debris flow front: Z{E % 7|‘)TJ 2R S E 0V F1I9miE(high scattered
average velocities)dx &

« Debris flow intermediate: =+ Hills - REARRFEBE ZIRREENIGT D -

 Debris flow tail: EERlG - 2 HIFREXRAREEXIELIETE  H
meElZIRER (laminar flow)AREE -

RTDT &
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Pattern of flow velocities from
the 2013 debris flow

(a) . ®

Residual height (m) S SRE= 5 A7
G
14-1

x1 Front (23 pts /0.33 8)
Interm {18 pts / 0.33 5)
Avg44ms" Tail (18 pts /0.33 )

‘ el 10
o e £ ¢ Avg32ms!
S I Avg19ms”’
: 2 WAy oAb
. 5 L . o

; (27 pls /033 5)
X2 (27 pts /033 s)
Avg43ms’ (6 pts /0,33 s)

MAX1, X2, X3k E 18 5z
BB RS RIS (L -

TE MR I 22 I8 7T 2R B ASF [ 2
BhPRIE -

£ HARS - EEE 3 H A
TE?;?;B ﬁ /)IL ﬁﬁﬁﬂﬁ_ﬂw
FEE - MREMIEN - 2

EE) NSRRI b T )
FREL -

Avg21ms’

Ag12ms IMW

(28 pts /033 8)
(22pts/0.33 5)

. = (
> K
-
Wit I (14 pts /0,33 5)
27, o 8
o) 2 | AgSSms Avg36ms
Sk ; Avg3.5ms]
1, v/
. i
a
L g Pt )
i
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Conclusions

'ﬁ JLSPIV= 1335 1+ A i E
CF )’l%ﬁ#”%ﬁun%*ﬂﬁﬁkz;ﬂ
MmREEZEDAA0.LIm/s &

\

3R AETTEEEY -
0.9 m/s -

BE X - BX

=S B ERIRIER &

=19

- (1) SRR S0\ IR TR BlUe & 59 1 1

U/m@JHk (2 B EIRE

TEENSHUE - B

BinmER; (3) RIERER - ufﬁimﬁﬂﬁmﬂi%;;
HREEX - SR

A= %EL/UFUE/E (4) % T2 48
i B & H/(dlstortlon)th

. 7Y/f\’ttﬁﬁj‘bLSPIV)EF[E//EJ/)ILLHT . O] L= ES

= E RS a8 g &nE

5 = =8

BEEEENTE -

& o',
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