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Abstract

Acquiring reliable flow velocity and discharge estimates is critical in aquatic and water
management studies. Acoustic Tomography is a Cutting-edge River monitoring technology that has been
developed innovatively for continuous monitoring of surface water currents in oceans, seas, and, in
recent years, rivers. It is a promising method to measure flow characteristics such as velocity and
discharge precisely and continuously in time. Unlike classic point/transect flow velocity measurements,
the acoustic tomography system can measure depth-averaged and range-averaged flow velocity along
the ray path in a fraction of a second. The FAT system's backbone concept is the "'time-of-travel™
principle, which is analogous to acoustic velocity meters to some extent. The reciprocal sound
transmission between two acoustic stations that are deployed diagonally on both sides of the river occurs
in this system, and the cross-sectional averaged velocity is measured using the travel time of the
transmitted signals between the two stations.
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The FAT system velocity data, similar to all acoustic instruments measurements, contains outliers
that were previously cleaned using the simple standard deviation (STD) method. The problem of this
method is that it not only fails to replace identified spikes with the appropriate values, resulting in signal
discontinuity, but it also employs engineering judgement in its process, increasing the method's error.

The Phase-Space Thresholding (PST) method, which was developed for despiking output of Acoustic
Doppler Velocimeter (ADV) data, is proposed in this study to implement on the FAT system output and
to detect its spikes. This method combines three concepts: 1) Differentiation enhances a signal's high-
frequency portion, 2) the universal threshold parameter gives the expected maximum of a normal,
random series, and 3) good data cluster in a dense cloud in phase space. These concepts are employed to
construct an ellipsoid in three-dimensional phase space, and points that are outside the threshold
ellipsoid are designated as spikes. An important advantage of this method in comparison with various
other methods is that it requires no parameters tuning. Another advantage of this method over the
standard deviation method is that identified spikes are replaced with a reliable result. We used the mean
value of two adjacent data points on either side of the identified spike to replace the values of the
detected spike.

The data used in this research included a 12-day dataset collected from the Gono River in Miyoshi
City, Hiroshima Prefecture, Japan. After 6 iterations of applying the PST approach to the input dataset,
a total of 8017 data were detected as spikes and replaced with the proper value, accounting for 32% of
the 25031 data. Furthermore, before despiking, the standard deviation was 0/206, but improved to 0/119
after employing the PST technique. The decrease in standard deviation implies that as a result of
despiking process, the data dispersion around the signal mean has decreased. According to the results
the PST method is more accurate in despiking FAT system data compared to the standard deviation
method.

Finally, it was discovered that the relative discharge error between the output of the PST method and
the rating curve data (as a reference) is less than 20%, but this value surpasses 50% for the standard
deviation and rating curve method data.
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Tomography System [7]

Cawdpml Bl o Jye gleel o, e
oK) 90y alold 5l el o le (<] ol Cazy0)

Loutlier
2GPS
3 Transducer


http://dx.doi.org/10.61186/jsdp.20.2.59
https://jsdp.rcisp.ac.ir/article-1-1223-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.61186/jsdp.20.2.59 ]

sdnlive Clawsrml g TVl (6 nSoslail sloolKiws!
glsel oS Lyl 13815 g0 gbisly (s asly 093 o0
Sl ax 0 YV dilbog, Lol L > e g lao
2 0k S i jshieay (lewle 55 5 0ud
Ol hel jeme bl 5o S pua ST 50 sl
el ouls bl
Ay Gl S Cdle (T) S5
o5 ol sanlica 5 AT 50 s lel oyl cslinl,
Pl slaosls (59, » adsl Glaghilon pbul Sl
e Eai oS lmosls Bis g wilebes pl zgy5
sdeliewddy wamd Jrwd Vo 5l 5ol ol Padgs
pl slosls wad o camlin a5 jsbiles
Ll gl o)KaSs wlebes 5l odbiidlo,y zgs
il 5 Bis 4 4y pas oS o3g gledy O p
lesls o s obul el clio polio b Loyl

o9 09y -V

Liog Yoo Jlo yo Vsl las g la8abaal o,
7955 Sbi S ST n ok 4 )5S 5 S s8
o495 oxl 101 5,5 o arwgs MLl e miwie pu
1S (o0 oS 5 ) (S porde

ooy i gl s bl S 31 55 e )

iy e -V [11]0g5 o0 lhe cudle o (5L
SeS a4y (Solad Gy g S el 550 e
Ll ¥ [12] Coul Geans J6  Sler il el

s oSl ol Gy 38 slad jo poes ool
[13] s oo disg>

i

‘ N
= oﬁ‘é
v S Yo

ik S

3395 Ail50g) (5, asid sosls Cubls y culw (Y- JSCi)
(figure-2) FATS data Collection site, Gono River, Japan

4 Station 1

S Station 2

6 Signal to Noise Ratio(SNR)

7 Phase-Space Thresholding (PST)

8 Acoustic Doppler Velocimeter (ADV)
® Universal Threshold

ol sleesls gl jshaie 4 Jloal a5 b,
)| oolaiwl ool o9y | 0l 0 oolaiwl aslel
aS Syeo ol sl oo Jlre Blsil il
lao cadle Lol wigy 5l sasrin alold b 457 Slaosls
5l sattine co o 5l &g, Jo oyl Slilugs g aijls I8
30 Jby slrosls flaicds sl J S8 Lo Syl
Sy 4l opl 5l z, bl ple g wiload go 48,5 s
Loy lrosls Bas 5l gy g sload o a8 5 Jlas o
Sy S 2 (625 5eSlee b gy ol 5 ool
osliinl 5 (Byme hghy (nl )0 a5 (g, DS )
odi 8> laksd wm' )l o SO 6[.{&00‘.) Cawloads
ol oM Koo 5l cpl pegdle iloaids cod (3> g
a5 08 o)l (ohgy Sl esliial pae 4 lgie b,
S O 9 SdlBs (e GBS slaosls 55, » Wl
Jleel (Sluil wslas ulul p 5l3s,50 slayiell @
P e S oS aie & il aSh w5l
sl 1) gy a5 605 Lawg bools [Las Ol
2,18 0429 WS oo

adbanwgs sy, 5 (Ko (owyn SRegh (| Saa
ool Shls (Sge gruce yu (295 ST n Hlaiea
Zoy b bodls (nl (0gggind 5 e Sdedy &5
ol s9y Grey orl 9 les (Sae )0 alale
U‘»’o‘ 5o UJ‘)'”)?)LC ¢l 4.\_‘3;)‘).9 IR0 osls
Sk e ye ahalies x5 eSle gy 5l oo
o= ol lade leiedy sas luls &y sbesls
Cawloads eolatwl &y bl Bds 5 slulis

1 gy 9 0lgo Y

sodls g adlaod;ge adlie -Y-)
roslaiwls yg0

e Jolis imgh opl o colatuly,ge (slaosls
Oz e g9 5l Fae )RS Al (29
hsee el 5o &8ly TeisS allbog, Sl S el allssg,
L ools ol Casloads ails p Tepls Lowdig o yliwl
WL 4,081 loj o3l 50559, VW Sloj Jsbo
50 Cawloas clblopy LSS adl Yo y0 4 Y18 468
GrS 8 e g osls cuiloy oogume ¥V IS

! Moving Average
2 Gono River
3 Miyoshi City, Hiroshima, Japan

0F 2l ¥ 5, Py Jl

e


http://dx.doi.org/10.61186/jsdp.20.2.59
https://jsdp.rcisp.ac.ir/article-1-1223-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.61186/jsdp.20.2.59 ]

S SLaS ()HIAT Al g, )l o dliiaml b (5igs0 (55455 (5)9Ud (S0 IIS B Sgue

%

&

S g Ceodle 92 9 Jg‘ G -1 d.ywbu -

(5999
AU; = (U, —U; ) /2 )
Nu; = (Au,,, —Au, ;) /2 W

il ailw] g9 lasliow! jlse B 2l dusslxo ¥
1y e Bl A%U AU U gl i 51 S e ol
oS el o a0 diog jlade dewlre g 090 oo dwlxe
e Sl S Jlos 5 ol ke K sl
Sao ol Kl g sdod) ez O L ol o laslial

s ol ailin] el )l SeSay ol

Ay =+/2In(n) Q)

el oy 6y ool Ll S slasin a5
Sy ol Heme Bz agly amwlxe Y
U-AU 10905 5o dibiw!

255 s plonl 5 ala, SaSay o5

G:tan‘l(ZuiAzui/Zuiz) O

S99 S, b yemo ojladl woldo awlxo —F
saibw] ‘5th59..43.3

WNigdge Al ) O g0ty polie oyl

L Syan S5 9 S Heme ojlil U-AU loges sl
Ay O Ay 9 oy P Espel oSS

G3im S5 g S, ye ojlail Au-A2u Soged 5l
AUGAZu 9 Ao,y et e A

Cyan S=55 95,0 9 olul U-A2U Joged sl g
Jolo 15 Jstze 50 dolae g0 oKiws J> S5
! &}ﬁ)gmb jsj)f)ﬁmadsb}w‘sa

(1,0,) =a’Cos?(8) +b*Sin*(6) Y

(4,0, f =asin?(6)+b*Cos?(6) Ov)

OF 2l ¥ 5Ll 1F-Y Jlo

Velocity (m/s)

Feb 02 Feb 04 Feb 06 Feb 08 Feb 10 Feb12
Date
Sl Elaol Glowly 5o Gl Cos puw Coodle (Y- i)
Slaogy 6,Kasls dilbolw

(figure-3) Flow Velocity Signal in the direction of
transmitted FATS Waves

Se Sran S oSl shie 4 eelis ol
LU g 9 00,5 oolittl goman (556 slas
4 W55 o0 18 sean slad ol sl z s A Glesls
P9yl $Fp Sgboe plolid Lp blE pleie
wiigs S5 opl 0 ol Sl Gl slagty, ple 4 Cus
&S bl g 5l Gl wnlp e a5 el
Ot (o g (9275 Djyged g Bime lawg il
Sos S by nl eimes WS oo eslatul o5l
Ba> g plelid 5l G 52 50 5 039 0aigd )15
wlie polis U 1 lagl gl Sy slaesls
P9y 3 GReen crl 5o sskie (nl 4 oged (23S0l
Syoalad B a0 ooy dhadigy polie .Sl
ol oaloolal (30l ke flgieds adbans
ol jo a8 el &jge cpl 4 (8 cpl ploxl ogs
e b g 00,5 S baools 5l 1, cedle puSilio laia
L oSy S Sl Jlaie s> laools oblug
laosls 4 1) o caodle (uKilis e Tsaome g ools ploxl
slrosls Hlgieay a5 Hlaools Jlade e g 00,5 adlal
c oo el lie olie b 1) wleads Slolis oy
30 ey Slilog polie (0Kl Bis 5l gl
e 9oh9d Dypon ol pes 5 Jol slogiine Jlis
U-AZU cU-AU  (samgo loges dw ol cael a5 00,5
sloygmme o3l dwlre b s 5 00 AU-ATU s
sloyial S5 @ abn] Glaggan SsS 5 S5
odgazs cpl 5l Zlb bla Slulis 4 pladl s4>g0
L oleools L 1, onts Lol ools blis g 03,5 wilzw]
S5 80l Jolie cnl 05500 paiSalr el jolie
L g asS ol ose bla ol a5 09l oo

Slpls Wedd @ls i Oy bl SKoo,lea

903 i o5 S jgo cpl @]y Ghg,y ol OlS o0


http://dx.doi.org/10.61186/jsdp.20.2.59
https://jsdp.rcisp.ac.ir/article-1-1223-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.61186/jsdp.20.2.59 ]

Sl & Gl B ol e ials al> e ey ailil
il war Oy bl asS s 6l Koo oy bl

iy oo L 4 bl ST Al e ol yo aST asly

Sy by, bl e gladaig, (F) S o
il oo canlie JB ;18 slas 6)“’545[3“‘"

Wy bl (030l g 2lels -0

sy |y il lasgan Jloges aw 5l S5 o sl
Sy ogodls Glgea 1) oyl 5l z )l cols blas ws S
@9 S o 2Rl calie polie by 008 plulis
Py ! LSS e 0 g b9y i LSS Ele
0ol o sl polas b oy leosls 3K
Gyam ojlail plply g oads o lailbiwl jlee Bl il lie

W g a5
eata S g

....... s “ ﬁ o

sad Jlasl slo, S shl Ll , 3 caalie il gydnr I TN 7

(O PRNRPERE TCI P CL { RO FVCP VN

@3B slad gl aibunl by Jlasl ogi gladuigy (F- JS)
(Figure-4) The PST Method Flowchart

Uipgs el 0 eddesliiul Tsle oolsacgema o
039, VY o3b y0 cadcddloy eols bl S L‘:BW
slaws oyl ylee 51 a5 ol 00gr eols YV -V (553

G b blis (osls S 7 AY/FR) ools YO
~Op el g Wledgy hgws Ve VL Wi 4 cadle
el 0030 5 Jlosl baools ol (59, 595

lao cadle 5l uSile Bis 3 s g dm al> 0
5 LSN0 L (56 slad (o laS bl g, «s)s
bl 5o 9 08 Jloel (2Ske Jo> Wosls Sllugs (s,
4 J3 LS et el ke Boame 1S5 5
Ay bl dlol a> e o] 0 sadigle, cudle
50 o bla Sl pac o5 bS5 slasl b ybay
Sil 4y azgi b g o waz Oy abki plaieay SIS
aii ol woadabel 1S5 pais s aliee o)l
5 bools jlao Ulzul Jlade I Glae G laicas
S Ohse ol 4 ws )5 colaiul b |,SS slasl ansets
99 oy ool e Gzl Ol a4y ety 1SS
g 9D debre pliacSy 5l S g 2l b 1SS
o Bl i S5 pled sy onl e (5]

2 Data Set

5 ool dawgs YN8 Jlo o a5 iegh o

29 &0 lp lee Szl g, 5l [14] oS
oadoslaiwl gt cpl yo caboslaiul ools 09,5 (59,
olid o9 5l psllacl o Sas Jlae Byl g, cosls
SeSar Lipgy ol ol Kiwgh a5 (slaigSay g0 oold
Sly e Sy 00gusme S 03 owdige Dglad
5 ooty (gl adl 5 e o 9 SO U s 03 0 oools
Oleieds 1) oogazs ol 5l Z 5 (glaosls 5 auzd 3 Las
oadboslaiwl g, =9 C’L"’ WB8,S Bl Gy bl

D9 oo dmnlio LB gy (>9,5 b Glegh (pl yo

oy g i =Y

Sy 6,545 wlol glaools gisls y adsl al> 0 3o
sl lisly a4 o Dle joew; oloy sleesls a4
Sy godls 4 Casopol 5 CandVl laolSiy)
Comd &S oloosls Bi> b wgd oo o b
erodls sl haws Vo5l S oyl Yadg 4 cudle
Digd oo Bd> el 0395 S oyl Luel a5,

1 SNR

0F 2l ¥ 5, Py Jl


http://dx.doi.org/10.61186/jsdp.20.2.59
https://jsdp.rcisp.ac.ir/article-1-1223-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.61186/jsdp.20.2.59 ]

S SLaS ()HIAT Al g, )l o dliiaml b (5igs0 (55455 (5)9Ud (S0 IIS B Sgue

Jolis 1) osls YO-¥Y S 5l aoys YY/AY a5 oog

g 5
63 GLad gy 51,55 i 53 oo o lwlid b (V- JSi)
eodle 30 Lyl ol g (5o,8) 8010 lgicas
((Sino)and g

(Figure-7) Detected Data points as Spikes in PST method
(Red Points) & their position in input signal (Black)

Velocity (m/s)

| | |
Feb 02 Feb 04 Feb 06 Feb 08 Feb 10 Feb 12
Date

09y 9 obae Bl gy e awolie (A) S
9 adsl (69959 (b S ST Sl e (531 slas
Slas 1) Gy S Sl SoS 4y (5 lugbans

'MQQSQ
MA 20, Upsr(Red) VS Usyp(Black)
14f T T
@ 12}
E 10 i | " |
o W - Y
L | 1 f {
04 1 ! ! i
0.2 |
0.0 ! ! !
Feb 02 Feb 04 Feb 06 Feb 08 Feb 10 Feb 12
Time

V9 4 Gy 3l s by sy dong o (A= JSC)
L 55l o 9 ((Seio) ylmo Bl puil 9 (30,9) 558 sLad
Yo S e (Sl

(Figure-8) Comparison of flow velocity after despiking with
PST (Red)& STD (Black) & flattening with moving average
20

SN (Pg) 99 B d9des osalin a5 jsbiles
Iy Cdle g odges Bdo |, o1 &y bl wslauslys
9y sZeF > ey Slleg 4z ST anle whae
3 ookl a8 cewl (S8 4y a3Y el iy Lo Gyl
GRNSESE ot Sl 4z S Gy S e (ke
Iy o9 se B 00 4 4l (ol Sloj 6w S
2 S8l lapi )5 Slowlne 4o alS el
ools slass g axils g0l Job (699,9 ools a5 Il
A daly el YU s

N om 95 99 Ol o N e (s ISl
2P e S 5:Sile SaS 4 giluphas
et &S jebijles casloads ools lis (A) S
5o bl co 58T glp co gy g DS Jlaske el
Pl bl (50 g Sslao s (ol cie b e o3l
SOl &5 wy o0 b doyd (o VL 4 BB
et 5 2l @l 5o Gl by Sl Ceal
28 sy boeadlesl 656 by cwle Ll
Syl 00l Jlog! pwaige Dglad ol

1 Relative Velocity Diffrence

0F 2l ¥ 5, VoY JLlu

Al Ay o)l S plasl byl ais fol> cle

4.7;;;2.;)0 9 Sl 099y wl) Lsu).a.u)},oi.‘ )L:M ;.9b.>u|
b bl Glaggan SzsS 5 S5 gleysme ojlul
03gs Cudgdzme hyls (y blas YL ws o b slaoals
Qb bad e 30 eolaiulyge S0l g, Cudgase
I olaie il Hlade b bla 05Kk sloa o5
Olgeds amy LSS 50 Jlake ples 093 a5 0S50l
9 Aondd (B) KK (0 0ed 0 Al Oy (gools
odalivo b uids g Sz IS5 6l 55 slad i,

]

Iteration 1 PST Method

Velocity (m/s)

-0.5! |
i 1
Feb 02 Feb04 Feb 06 Feb 08 Feb 10 Feb12
Date
Iteration 6 PST Method

25 | | |
_. 20
@
£ 15
> L0} e
g t WMW.NW
g ool Wims i
£ 00;

-3 i | i

Feb 02 Feb 04 Feb 06 Feb 08 Feb 10 Feb 12
Date

3B sLad gy e 3 Jal sl S5 i (8- JSCR)
(Figure-5) 1% & 6™ Iteration Results of PST Method

SR Oy Gl wedee cswlie a5 jebiles

o2 oo codle ovaline b aS 1) | ISal &y blas anwilys
sl 5 Bl s ams s, B Saluy
O 5 o 6B sl g, (29 o(F) JSB y0 S
Al v o801l 4 adgl (69959 lao Cudle L 1SS
6)‘.)?4.1[.»...;‘ ws) WL».A Q)S.Lo.c o)l.g5~b aS Sl o0l
ol 4 8999 lhe cdle gl 0 B lad

oo Las 1 565!

20— ’
Lse LTI ‘H el

0.5 1 fi o e | <!
0.0 0t L1 U AR b

0.5 ‘ ; ‘ | ‘ LI I 1
-1.0t

Velocity (m/s)

I I I
Feb02 Feb 04 Feb 06 Feb08 Feb 10 Feb 12
Time

b 53 Lad syl ailn (g, (o9 ,% amlis (F-JSi)
69919 4algl lao codle

(Figure-6) Comparison between Input (Blue) & Output(Red)
Signal of PST method

LS Gy aS ol colvacgema(Y) S o
ailoads 135 5 ololis &y bla lgiedy sadplx!
ode AWV lools (pl S slows .Cawlodds ools oyl


http://dx.doi.org/10.61186/jsdp.20.2.59
https://jsdp.rcisp.ac.ir/article-1-1223-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.61186/jsdp.20.2.59 ]

) oeized g 3B sy all Gagy 50 2 e
St B Cay (R (o o Bl (029 (09, b slome Sl
Olgse it )0 g Sl piie bl ST 0 ws s o
ke el 5 L0 sy ol b JpsB 6 3l
plsl 5l m Sye RS alle (295 mls
5 obe Sl gy 6ln 085 A |y o
5 doyo ol (oYL DS bl 5l 25 LB slass
o oSl o aS s oad oo cdwlie mls
3B sl gl piy sl g b lisla
H8 o0 G Cude b ke 00gazme jo S oyl
s 636 6 AT Wl] g, fmmlie o Slae 45 oo
S eizen 5 0ol plad [ b Sl g
lad o IS alnl pg, 4z 51 S conl Cii> oyl
Sp bl Hga YL ao s b glaosls 055 sl 5
ol 5l Gagh ol yo aS lools 09,5 aslive) oyl o
Lol o)l o880 MlS 5 angy o,Sles (0l colaiul
e Dgldd bl ALBIS )5 4 (g ) sl
odds oo Jlosl dmosls Jlo g oogume s jolaie 4
Aol axsls (6,0 o, Sles (ol
Sere Blymil by M (556 (s lS kil g,
45 0jl0p o0 b odbALS Dy BB (03Kl Com @
a8 Cal e Bzl oy, 4 s o] slas 5
2 4By s Sloy G Jsb 2ol Sl xS ol e
ol oals Gy dwgm lS 29,5 SO (093 oy

Relative Discharge diffrence STD-MA20 vs Stage-Discharge
100, | | i

Feb02 Feb 04 re \ 06 Febos Feb 10 Feb12
Date
Relative Discharge diffrence PST-MA20 vs Stage-Discharg

A kb

I | 1 1 1 11
rebo2 reboa reb 06 Feb 08 Teb10 reb12
Date

LR bzl il ‘_glbdi';s) R SBMS | (V- i)

(o)l o0 9 536 s IS aliwl glogdg, 9 (Yb)Jl
(figure-11) Relative Discharge Difference between STD &
Stage-Discharge Methods (up) and PST & Stage-Discharge
Methods (down)

Boleidany 9 g Sz -F
o Ol & sl (Fge 6,0 alebe (29>
sla, ‘)'.s‘ o asile O cwdige ;0 i g o500 ]

JoLa.: fﬁ )d ‘6|¢0L.wb JA‘9£ ).uLs Sl 4@9»0

Ayl

i | | i
Feb 02 Feb 04 Feb 06 Feb 08 Feb 10 Feb 12

9.6 sLad 59y 90 ym Sl yuw (o BB (A JSC)
Hlzo Bl il

(Figure-9) Relative Velocity Difference between PST & STD
Methods

oo onl ot by, (relore jsliied

Iom eSS wble (2gr Cepe Cadle
b eizren 5 5306 slad (IS bl o) b a5
b (o2 ghio 4 bape SlbI g ies )
g dad b oo slaools 4y I35 g0 o ailBo,
a5 By e sleodds b e
o slrools 5l jelaie b a4 e ol jo A F
Bl Sl A Jal oo by, 5l edwlcasa
sadosls las ¥ USs 0 o] Cundas a5) T s sieg o
40 g by 18 ghlopeals e oYL o (Cnl
IS5 50 0l solaiul g sabzuily y gloj o3l yaen
Sl Bzl gy a1 sasliawsdy oo (9,5 e
ool lad ol o0 9 53l slad s laFaitinl w lasti!

Cawloads

STD-MA20 (Red) Vs Stage-discharge (Black) VS PST-MA20(Blue)
T T

1 1

Feb 02 Feb 04 Feb 06 Feb 08 Feb 10 Feb 12
Date

-1zl gLy (52955 (2 A Lo (Ve JSCB)

(So) Jol- 10 9 (@T)‘_;,’Lé 6).1:‘45[;;J (30,8) Lo
(Figure-10) Comparison of Output Discharge of STD (Red),
PST (Blue) & Stage-Discharge Methods

—aSE Ghe) e el b gLl S5 G
e g sl plas 1y LAl (@0 g, b (Fee o)
ey el edelowssd o0 Jowle oSl
OGPy A Cemd 6B slad g, 4 end g5lS
s yine odgione by Jloel b olyen [Lre il
a3 oo ol 1) 4l e ol 9 SQ B s
Slghy, slp T@d o SO S5 s
olas Jal (oo ey blie )0 (5518 (slasd 5 slne Sl 2l
AW 05d oo oamlie a5 jeblan (! oddosls

1 Stage Discharge Method
2 Ozekiyama gauge station
3 Relative Discharge Difference

0F 2l ¥ 5, Py Jl


http://dx.doi.org/10.61186/jsdp.20.2.59
https://jsdp.rcisp.ac.ir/article-1-1223-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.61186/jsdp.20.2.59 ]

S SLaS ()HIAT Al g, )l o dliiaml b (5igs0 (55455 (5)9Ud (S0 IIS B Sgue

&

5 Glalesg, Syo oA elfias i eslinal b Dl

MepSoilal sy Slas g Gl g pSojlul cds s
OAB-OAY o IYAA 50bLVo,lods Fo,90 «(559)9,0u055 |

olge (OYAP) wi)l cwlid IS bbb s p o> [Y]

—ools i, sl b gle (g slrosls o &y ools Lasis
cgmigee 0SS Wiidg pe alg ¢ codluol ST ol8ils (55l

Dbl (5,5L8 5 SgeralS 05,5

e Q" TR Sen g Gllae oy pae [F]
Gyokd 5l eolatwl b olnl sleailseg,  oes ol
ozl alme MpaslS 0 Glileg, Spe (KA
PP 14-21 Voot wuiin Jlo ol Sligo swiiges

Gl i ST O TN Sen 5 (3llae (20 Sgas [0]
Sre GRS (6,9l 5l eolaul b )l md> sbayl >
ool Jlo dyd cwdige a8 KmslS Ve Glje
COYAIYY) ATAA lis) s 5l Feojles

Slod atwgn b (YA e ¢ Glhae b ov Sgras [F]
e a8 < Seo (6 50aSS (5,5l eolazul L LT
AV Jlo ol Y 0,50 « S sl oyl e

(s u,o.?u‘ PIEN ‘kS”Jj) e 6)&45“"' oKiws @L))‘
AYAY sl 5 s o) oyl ot Lo ooylpl Sligo

wlolw @75 opdgl" (VYA e g Gllas (o o0 Sgmane [A]
Solpl o wlBog, by e Gk lp Sge KA
AYAALIT Vojlads v 0,98 iyl S 5 O wlizagh

u.a.v..cj Gu)ﬁl" ‘(\\”‘i‘/)‘ul)m 9 dﬂa.n (SR Ogramo [ﬂ]
6585 (6558 5l oolaiwl b pp i axbye o O b=
YAl (5,08 leo 5 pole) S 5 Ol 4,85 K g

YY-YO .o o Ctiguud, 00,958 Nojleds

[10] D. G. Goring and V. I. Nikora, “Despiking
acoustic doppler velocimeter data,” J.
Hydraul. Eng., vol. 128, no. 1, pp. 117-
126,
2002,d0i:10.1061/(ASCE)07339429(2002)
128:1(117).

[11] M. Roy, V. R. Kumar, B. D. Kulkarni, J.
Sanderson, M. Rhodes, and M. Vander
Stappen, “Simple denoising algorithm
using wavelet transform,” AIChE J., vol.
45, no. 11, pp.2461—
2466,1999,d0i:10.1002/aic.690451120.

[12]  N. Carolina and N. Carolina, “Identification
of Low-Dimensional Energy Containing /
Flux Transporting Eddy Motion in the
Atmospheric Surface Layer Using Wavelet
Thresholding Methods,” no. 1941, pp. 377—
389, 1998.

[13] H. D. I. Abarbanel, J. P. Gollub, F.
Combes, A. Mazure, and A. Blanchard,
“Analysis of Observed Chaotic Data
Analysis of Observed Chaotic Data,” vol.
49, no. 11, pp. 10-13, 1996, doi:
10.1063/1.881528.

[14] K. Kawanisi, M. Razaz, J. Yano, and K.

OF 2l ¥ 5Ll 1F-Y Jlo

ol ) bl adly Sl oS sl Sy sloosls gl
sl 5 Bie s lulid (o pae g ool
Lo ol (sl il el nlin ol L o]
D9

IS SeS 4 &S ad e hagh nl o
S9) S Sn Jos sy )3 950 slagty,
P9y Ol o ySlas g 090 plxl (5,54 aibelus (sloosls
Coole Jody a4z ST.09l gl beosls g9 cnl 55, 2
Sy Sz 5 G Son ColS (ah s
9§ L85 @ lgieed e 4l lyier aseie 4>l
LTy lagl oSlee 5 calisee slaghy, (so0e &g
Eyoge 4 azg pac Lol )5 awlie 5 (o) p 005
Dygods OlgE 45 0ghon o 5 Sdegnl g5
oxte osls adgi (g9l (g slalpl 5l A Sl
a loalel 5 Guilsd (S iy b el Wy
gl ools plxil 1) golS ey SIS (gold )l & jen
wlie Sliwgn b fogh onl @mls awlie b ol
Gl b a5 0 caslive el 4z Sobil 45 5,500
3, Sloc ((639,5 0315 09,5 15 dg>g0 Dy (sloodls ds)o
Wlgi i g ond fe g3 sl g NSalT s,
b oaslio )0 gy cnl 4z ST S Joo di &gt
b o 5l omlin 9Slae Jlons Bl i s,
9 0Py ol Om e (20 S g el Gl
Gh9) Ot s (20 ST & Ces JBl (o8
0351 oS ools Bl 5ty 55 ol 0 5 jlome Gl ol
o plsl Jsb 55 g ggemme )3 g cnl po el
Olsie a5 ool sae AWV (651 g laSalinl g, 1SS
15 ool b ez ceSibio e b 5 lolid oy bl
Al Sl (eols g0 Bl 2) 0g5 jgle B, g0
0391 (639,5 sloodle IS 5l as 0 YY L Joleo Ladoe oy
3 om g ot ool Jlaee Gl il Jlade uoren «onl
VN g IV S 4 g ey 4 Sy
oSle Jo> BB (SuiSly el 45 wd aculos
A oo slis |l cadle

&=y -0

K. Kawanisi, A. Kaneko, S. Nigo, and M. [1]
Soltaniasl, “New acoustic system for
continuous measurement of river discharge and
water temperature,” Water Sci. Eng., vol.
3,n0.1,pp.47-55,2010,doi: 10.3882/j.issn.1674-
2370.2010.01.005.


http://dx.doi.org/10.61186/jsdp.20.2.59
https://jsdp.rcisp.ac.ir/article-1-1223-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.61186/jsdp.20.2.59 ]

Sryaelin 5 Copae Joll plisl aBle 5,90 cingh
9 S i) Lol o pioe i pl assm mlaw )0 O il
5 olas slaanlp «(s59dg,00m55T «s)ll (3,400 0
Lol Coalad poe Loyl o o (6 5lwaige
5l el OLle lisl 4l glas

alizadeh@iust.ac.ir

Iy, 055 OMuass (g o] awgs
g Ay )8 bl IS alade o
oBidls ;o 5 VYAZ o 0 olee
2 s Sl bl 4 olale s 5,

ahyl wlis )5 gmtils Lol> >
5 ple olails (Slgyaun sloosls 5 ST Gl olas
(89 aDle 3,90 LLdgh sloais; .l ol Caso
5 oolitul 5 See 6,545 able b lad e cole
GBS y (st yslaieds (Soran Jise sbaey )5S
5 Jolg 5 Aoy, gwiige b L e ol 5 S
ol ol mls Co o
5wl @yle lasl asblly glas
yousefolfatmiri@gmail.com

Ishikawa, “Continuous monitoring of a dam
flush in a shallow river using two crossing

ultrasonic transmission lines,” vol. 055303,
2013, doi: 10.1088/0957-
0233/24/5/055303.

393 e GOLT pm Cyam ol
Wy ;5 5 Bl ghie o )
29 WA Jlo o plyee (owaige
5 ole) Ll 4 0g,alh (Stars ol
Al gwlils IS geiils Lol Jl>
5 ple oBasls (Sdgpan slacjle 5 ol Gl S olyee
(9 Do 3,50 Aagh Slaae) el plpl Caro
oy sylpl das @Dle Bl 4 by cole
5wl (uais sslTosls 5 5 eg,000 5 Ol (b
ol Gl milive Co 00 9 Jolgw
Dl el O ke olesl 4l Sl
AmirhoseinHsnabadi@gmail.com

)5 0)90 5yl pudlpl S
Olpl Cans g ole oBisls o 1) 045
|)|):5.>5M)|(~:ELB.A i 50&3‘);\5
“i’)b )9-»5 ugg-‘ oKisls O
Ciad gae 68T BOYYY Jl sl ol .As\oasl)lf
Cew! Qlﬁ\ Sl g wlc oKisls Olj.o.c oSl ;Q.Lr_
5l cnl Oyle lasl aalbll, @m

jabbari@iust.ac.ir

1555 ahie 3o gy y2 Sgrame 353
sl Jlo 5o ol Lesdig yem o8NS ) |,
o2 oliol aileasl, a8 YNV B YVeNY
ldehe  (ele coe gae iS]
e% srate) s gy Ol Ol laiags,
ooy & beye cole bla li] addle 5
el w29, 9 Sl (owiine g (Sye )5S

Sl el &jle lial Al Slas
m.bahreini@wri.ac.ir

oS! wr edlple s iSO
. Olyes oaSiils oo cin gac

s Gyl Caio g ole oSl

P R

2 1ESs ghie )5 5 iyl gk oSl 0w
o) Wlonil )35 1) 895 O eass S el oKidls

0F 2l ¥ 5, Py Jl


mailto:jabbari@iust.ac.ir
mailto:m.bahreini@wri.ac.ir
mailto:kiyosi@hiroshima-u.ac.jp
http://dx.doi.org/10.61186/jsdp.20.2.59
https://jsdp.rcisp.ac.ir/article-1-1223-fa.html
http://www.tcpdf.org

