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2009); TR, Azl AR
(51 AN fiff X — MERIUA BT S B, H2 TR )
S RIS PERE | )R B SO R S R R,
A xS B LAV e S AR A /N T ¥ DX et A7

A FREERMEIN (ZEVE R AE, 2016; Tk4k B
A, 2021). HUAR A IRATICEEM B IR, Ridn
fISCEL A Bl A, K IS B4V R PR S
DA ] s AR B R 3 ) b SR 50

BT S S R G A

Fig. 1  Schematic of the beach geomorphologic & dynamic system
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LS, SR ERGER, IXEIREZ
Tzl ) S ot R AT I A B AL, 2D M AR
HAGREE . B A5 SR b — R ALY
J7 JE A W R 8 (Shore—based video monitoring
system) , TEA 5 B I 45 (8] RUBE A9 ] i), HAT 5
W, L, AN G T E R KR TREE
# (Holman F1 Stanley, 2007). #KFLizFH SR A
AT I3t R T A BT AR, 7R BkTE N A
2| 7Z AR (Van Koningsveld 5%, 2007; Palmsten
1 Brodie, 2022).,

PRI B, o A0 A 00 5 A B8 A1 2R G A S
Bk A R RISH O A Hrit e
HRAE AT AU AR A FAR A (1Y) 42 HY R
IG5 BT 4 o AR SCTE T] 29 48 A0 I e R
R SEDIFEM RN b, BB T R SR A bR i 5 S
T RE S ) A AR B SR IBOCHE R O E R eI,
BT T AR A i R R AE S R4S B 7 T B I 3
S, JEEE T AU DB AR B e R AR R
2 RIEDFES IR

e A AT T 2 A RS 5 T 20 22 8O AREAR, i
A0 4R AR (&1 2) ., d2H), 36 EHRE XM SE
R MG 955628 CIL (Coastal Imaging Laboratory)
1Y Holman F45 fiff FH A I8 52 1 - BOR WL BRI iy 114
WH S131% % (Infragravity edge waves) (Holman,
1981) . 19924F, CILBFA T S R5E . 74K

4 . AP IR Argus R, BLAERE R
B B 2F 2R 48 F S AL B (Holman A1 Stanley,
2007) (1&13), MRS EGRE (4—
8 frm i SRR ML) . BIE At AL e 55 & . K&
A3 T ARG DL R AR RN 28 45 5 J5 A B 1 5
T MATLAB V- 5 JF %, A0 75 Ml 2 A A 4% i 2 X
autoGeom ( Automatic generation of geometry solutions ) .
PEFELA AMT (Argus Merge Tool) . 18 [a] 7 M JE2 22
ifi] IBM (Intertidal Beach Mapper) “EIIHEARLR

CIL 7E B B A 9 LAY 6 M &8 2 173 A 4
Argus WLk, FE T BT AR A T T AL AR 0 )
% (Palmsten 1 Brodie, 2022). #5141, KR HE
48 (European Framework) 2002 4F—2005 4 F &
T CoastView Wi H , BIg | —EMMSZARATE M1
IR A48 1 CSIs  (Coastal State Indicators) (Van
Koningsveld %%, 2007; Kroon %5, 2007). [ %
T AT A I B AR %) A 5 A e W A R R
2006 4F LA AH 4K 7R 2 224> 1 il 0 & 35 H O
T 2015 4E 1R 512 Avgus REGE, BHEEEAEHTITLSFILA
KRBy MR HEME . 78 B R VUHENE . B0 SCF F
TV WE . RS W RMESE M A R (I i o
85, 2019; SKAUFAMIGKARRL, 2006) . 55 —Jri,
KFRALE Argus RGEMHE E 5T, EHNIMEZ 1
SFORFNE BRI N SZPRT Rt & AE R SE, IRk
P (NietoZ%, 2010; Taborda Fl1Silva, 2012). M
(Splinter 5%, 2018) ., WP (Cao%§, 2020; Ramesh
45, 2022) . BV (Abessolo %, 2023) ZFMHFSY,
fdi A o SRR I F AR ) 28 P . RIS
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Fig. 2 Development history of shore—based video monitoring technology
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TF R AT AZ AL PN E B AR IR, =
e AR B L o 2016 4F, IR T CIL 9 1
b P #fF 5% H1 & CIRN (Coastal Imaging Research
Network) 7, 2 IM4EEE “boot camps”, #
F2 0 i B 52 ¢ JE Al A CIRN AC 15 72 19 T 24
(Palmsten fll Brodie, 2022), PAH: A5[40, —F&75
T T 5 AR T%LIEEI’H?/J?IE?E*EQL{%%,
1 COSMOS  (Taborda Fil Silva, 2012) . ULISES
(Simarro Z¢, 2017) . Coastallmagelib (McCann 42,
2022) A, AROHBAREBE TR I R Y R A
TEA BRI F AL 7%

3 AR s I R R 0

3.1 ARERSSHRE

AR BREE A, RIKE 2 R R A b AR e 4 2 = Y
A AR R R B, 2T R AR A i Bl X
BARHLN . A ZBIRAT IO RS 405 2 2 A b e 45 1Y
Kot WSECE S BBHDL AL B E Bk BT
JRYEA S E, Ty BLAR AR 58 R A s 2 (]
(¥ 0 41 A5 He, Zhang (1999) HEih T AEWEFEME Y
G FZ 4 BT T AL A% N S BObR e ¥, 3 T
WD N S EO s AP S BN R AI P SE bR 2 S
B, ALAEHRARAUAL B, T A B b T 47 o)
GCPs (Ground truth points) #E{7R A .

XF2E Bt R AR AR R A bR S = (x, y, 2),
S HIVCE A EG A R R (e, ), AEEM IRy
7 S T EZ B E R (Holland 45, 1997)

([g 4)0 %%ﬁ%*ﬁﬂﬁﬂ?:

u(l +k,d*+k,d* )+ p,(d* + 2u* )+ 2p,uv

c= ; +o0, (1)

. v(1+ kldz+k2d4)+’p1(d2 +2u”)+ 2p,uw ro, (2)
_(x—x)m,

k,—o0,)s 3

" (x—x )m3 + ( )s. 3)

v=w+(k,—o,)s, 4)

(% - x,)m,

Kb, (w, v) RRTORMRRIGBALLR, Hd=
W'y k. k,FRREEAE (Radial distortion) FEK;
P po s Ul A (Tangential distortion) %L ;
s s, R ERSE; (o, o) MR FES (Principal
point) A AL AR 5 (kc, k,) R HIBR R bRl
= (x, ¥, z) NEBHLIEF A AL AR R PRy
i ; M= (m,, m,, m,), MBI (azimuth
¢, roll o, tilt7) & SCHYIEHEH [

m,
M=\m,|=
m;
cos¢ sing O|[1 0 0 —coso —sino 0
sing cosp 0 |:O cosT —sint ]i:—sina coso 0](5)
{0 0 1 ]O sint?  cosT 0 0 1

SEREI LRI BN IR . Simarro
85 (2020) TRAFD T —BEBHL N . SIS 5
FRAE, 25 T AR S BEAY TN . AR 1a) W A 4 )
2 (k,=0); VIamAe ] ZHAT (p=p,=0); &=
MBIETTIE (s=s)5 0l ZIEAT (o=05 k=
k) o FEMCHEAN AR TORTRL R4 B, 2250
B Y IE S T R B RCR A JE

B 4 WAL AR bR AR 7R IR (5] [ Simarro 45 ,2020)

Fig. 4 Schematic of the video imagery coordinate transformation model (Cited from Simarro et al., 2020)

S| B T PR S N C A S VAN AR GVAS )
M, SRARBLAY PR E SRR B W35 10 H N g

R AAL, S5 R REGR2ZE (Pearre il
Puleo, 2009). [ TEAMRE TAEZR, Btk
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L Z A (Holman #1 Stanley, 2007). Bouvier &
(2019) R THMIRES RN EEAHNER, #
T — DR R KRR LB A8 2 5, H
PR R B N TR, HAEAFZ S TR
PN FEBA L 5y — i SR S U RS Ry
kgL, FFMRILHEAT EMR A ST AR € S 500 5
EUE o Rodriguez—Padilla 45 (2020) FH Canny i
GRS X ROT (Region Of Interest)
i E B R IT R L TS X 2 SR L
B RAUERRALINZH ., KT, ZBERAR L H
PLEFE R N D, B ANAETE R B AR )
ARy WA S PR I T B 2 BR ] . BT X Eak
[B]#1, Simarro&§ (2021) T/ TR B
“ILAET MR, BN (Homography) Ji 35K
PURFEDCEC , 4271 1 F Sl B0 AR B A
TN

SR, 38 ] T A I AR G Y A bR
BAL, IEWIE R . R, SRR R
FePE T 10 K JE s B S I T EAL B S5
BORBYHED o oM DL PAT 19 2 8005 A vt 22
RN . OB AL BRI R G iR 2%, (RBRIT
FESHUE S AR AT SR
32 BEE&MN

Y by 0 b 30 0 25 T Ak 1) B AR AR, R
R AOT I B — R v R T SRR B R (0
KIAMERE, 2012), TR RS2 3 5 U5 A R
il L X LS X A S AR TR AT 3 1 M
XS, RGO R = e Kby
AR, S T T M T 8 A A N AR
TSR

Y, WFFE R T A AR 2R o (R R ) s 22
S B AL (Proxy shoreline), 7K il
2o HFRLEAZ FAL PR BETETE Timex SR TR I My &
S A 45, Plant f1 Holman (1997) ¥ HxE X
5 SLIM (Shoreline Intensity Maximum) , Ff4K I 32
B SUES A E X I A RS DO
52 R O B E (Reflective beach) #UAR R
U, ABOREE FT T M J% AE X7 22 04 FE AL I
(Dissipative beach) (Aarninkhof %5, 2003). M,
BERERME . SR FEBESER I, [R5
3 TRy, AR, ZRT R AR
AT L BRI 7y B3, R [R5 T S U 4R 0K

FEA SR ME LR IE (Aarninkhof ZE, 1997; Davidson
S, 1997). BEHE m RSB, T
A — RN BTG B R AR B R B
Aarninkhof 55 (2003) & FHRRZ1E HSV (Hue-
Saturation—Value) (4% 25 [A] (9 fif W XF LG, 46 1Y
TR E RIS PIC (Pixel Intensity Clustering) -
7%, BABESREMYgSGE e, S8
Argus i A0 PRARAE /) IBM BLE (Uunk : 0 2010) ;
Osorio %5 (2012) i1 T 6 Fh AL T Zk sk (o Xt
R R A DN AR, T W B G T o 0 A R
PSDM (Physical and Statistical Detection Model) .
EAERER R, RHIRHRIEZL (Phreatic line) JE5
M 7K 0 2 ARG B2 9 DG IR - Wik, Vousdoukas
4§ (2011) il Simarro 5§ (2015) R T I 2548
TERSATI R AR AHAST Timex 5218, 722
SAGAR IR K T 48T i B D R TR B s PR Y
SFEOEE, HATE TR EE

ZRNLZE, ZRNREREGZ, R
TE Tl AR AR T i AN T T Bt AT 24
HIE . AR, WEEHARMHE LR, SHbl
N AL ) e R A, A R AT ()RS
MR RE— LRI (Soloy 55, 2021) . i %
FrAE L B A — R AR, W R
R SCE U T V- 4 R v B ) K B A e BT
BT AR L B R IR K A2 L IR e
A B R YL B AR RS o A DR AN [w] i 400 12 BB e 2 1)
AL, 5 2 R R A M A TR, M
KG9 37 553 PR Y R 2R B IE AR B (Stockdon
4F, 2002; FHLAE, 2022).

3.3 iEMEIRNE

3.3.1 HEwHEERE

] (B0 S b T W 0 i 30 e 0 2 60 S 11 A R uf
Ko NI 520 Fie SR BCHE ks B2 85 v, B RE
AV A1 I A e A B [ DX R P, s 8 0 B R
MELIAG B ORIE . MM I 3R e B . RRak b
W e T, R 1) A B 0 22 AR TR 1 i e
VES

PR R0 b AR AR 3R S B E R . Plant
Ml Holman (1997) #2&i T W F Hikie: (1) T
PR B G 4 B — 58 B %7 J) S Xy K G 4%
(2) KK 4 5 A0 I 20 B K AL s B DL, T Al
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W) A R 2 s (3) i a4 (A A i 1] 7 4
T AR A DEM (Digital Elevation Model ) , 7E It
BLhih |, Aarninkhof 55 (2003) %5 1 3d HI T #LA
ALY SUE A=Y SR L NAC
zg=z,+ M, +z, (6)
Krh, 2, RN TE s 2,37 KRG & fin X5
KB KL AR s m, R IR BRI K s 2 FoR ik
TR 5 R K R AR
T I AR T [ Al iR 0 2% B AR
(B S B e T X9 BORIG K L vl A K )
J1 b B RS A AL A . Uunk 5§ (2010) 6 T
IBMAERL, T4 A ) R 3 1 R A R 2209 0.34 m,
TZORE LA 2 DA ) 1) 4 /N Wk 2 34 22 28 Bl iR A A7 3L
W 5 Vousdoukas %5 (2011) 5 AN T 28 X 4%
ANN (Artificial Neural Networks) % B 7K 371 2k 5 &

T, R YA 3 S AR IR 2% 2 0.22 m; Andriolo
S5 (2018) JUIHR HY 7oA R I A LIDAR J5 12,
PR ) il o A e e AR R 25 IAE 0.15 m
DA BEAh, AlmardE (2019) 48 & B3 P9 it
I RE 5 BRI S 22 ) B B A OGRS
HTUZAGO [B] 17 1 B SR T R P A

3.3.2  iEESFAEh ER M

AL S 2T ZRES iR, EARM
DX 3 5 B L0 AN () )RR AE A0, 1 v L A
WEE TR i SERRAE b 30 2 o R R e RS A
RN, HEZEN. ZRIE . BERPE SR A
e 58 T Beafle LI FEaE AT A ORI Ao 2 o A0
I 22 ¢ BLAT Sk 2 S0 WL I BE g, DRI 3 T 96 e
FAEHSBTTE (R 1) .

1 LETE SRR AR AR

Table 1 Comparison of commonly used observation techniques of beach characteristic landforms

e, B R T

e BEOL 0 e A PN MR b BB
e 0SB S, T

TR PR s LSRR s ——
I i o SWHES I ADLRUEI LT

FAGARBEAA FE 32 BR , DR BEAR X B A

SRR IO R I R RV A8 R TR S (T i}
BB T HREEA v A B RE YD IUAT LS i 3
e b 907 [ AL, JFAE—E R LA b
OB A ) 3l 1134 (Roméan—Rivera Fl Ellis,
2019) o TEIUT RPN , PR B E ™ A 19 R
(White foam) 7F Timex 5% 15 AR 16 1 = 5 5%
i B ES SiikEsh 2 MR, "]
XK T VIEAT 8 (Lippmann Fll Holman, 1989,
1990). Lippmann A1 Holman (1989) J}&:FKiifg &
SRS A RE AR AR IE bRk, L T4
SR Y DU 2K R Y300, {H T30 16 3 ] A
NS e B 0 A8k, A 45 SR A T B R T ) D
P fic i 1 3K 30—40 m; Kingston 5 (2000) 5] A A
T2 R 2 R AR B AT AR, K R T 1) IR A
FEHITE 10 m A o #E—2DH, Guedes?E (2011) Hf

Timex QM7 ZHARLE G, BN IE SRR
PRV EARAAG I, ELAEPIR 2808 DL & 19 37 5
TONEA R4 iE .

TEFA 2 R B PR TR V5 i — P R AL A T 5
FRAE, 385 HMEMAE (Cusp horn) FIMEMATE (Cusp
embayment) ¥ 537 (CocoZ5, 2000) .
£33 BAT ROZ /N BARTK oA B v A RE AL
7 DAL R G003 B30 AT g it . SraRi 2z o e
18 FIE £ VB TE BH OGRS 251 T TR AR h 3R
P SR 25 S, Almar 55 (2008)  H 2 X
15 2 M A G R LR L O 6k AR )RR AT B A
Vousdoukas (2012) i 140 54> H BRI 5245
DU e £ 5 R 2 m A2 Ak, SR T 2 W A T N 1 2 okt
FIUR RS s Guest fll Hay (2019) FAE T M ff 78
WP RRIR & 1 LT 047 1 e 3 Ak P I ) RUBE I
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R WS AL E oA LS DU R A2 43 i PE o Cai
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Fig. 5 Result of the feature—embedded DEM reconstruction algorithm for the intertidal zone of a multi—cusps beach

154w TG AR O | AR R BRI T,
i e b T b S R AR A B TP AR P
DG AT 3 e iS5 285 I 6 T ) g R 02
T 368 3 T 1) N A o3 2R A, NI bR S
WUl v IS A TR S HREAE (Quartel 55
2006) 5 Z5EEUERITT I, W HEREE ST 20
7r2% (Ranasinghe %5, 2004); 5% 2 ]RE 8 )
G AR By U MR 25w B 4R M (Masselink 45
2014) 45, BEEREZ2) . B H AR 1 5]
A, # e AR B B T AR A b A S TR B
5300 AR 14 R SR AL

3.4 EEKEN IR

IR S HIRE
TR S 1 3t v WE TR 2 e B K B ) A
PIREEIA (Wave forcing) F& 1T /7 FR IR &R 40 IS IR
T E Ry Re SR, MBS HUL T &
BE R R SR s . Z5 b, BEXBOR FRAE Y
D LA o 3, s k= Aeeal, bRl
A (L HAE, 2008) o JEAL I T Bt i A7 7
23 (8] 3 WA L S B A e A e T TET TR 1Y
Z RUEEDG A R 3 1 3 T I ORI IR 2

B R AR K
AT g e A It PR AR 3R 5 R {4 vt T e
f 0 IR 5 2 ARG IE HE L AL U A% 3 eR R MTF
(Modulation Transfer Function) H&HU VR AR 28 5 |

34.1

Wers . YA S0 (Stockdon #l Holman, 2000).
T H 2L 2 Hz BBACR AR G AL B AR R I R3]
A5 20 AH W BRI MEAR (Stockdon Al Holman, 20003
Holman fl Stanley, 2007). Almar%§ (2014) X5+
(Longshore) 77 [] SR £ (1) 1 [] ME ke 14 A7 v 2R 72 48
RT (Radon Transform) Ab¥, SZEL T I [m A3R 51,
I8 T A AGHER . Andriolo (2019) R4
AT A [ DG IRAL R R P, B0 T A ShRl ok
fbii  (Shoaling zone) . IR H7 (Surf zone) FIHIR
i (Swash zone) [WEEEL, FhJE T RUARINIEE (140 H
Sto MEEWRE I HARMTIA, Scardino 5§ (2022)
TR SRR Z M4 CNN  (Convolutional Neural
Networks) FIJ6Hi (Optical flow) A9 LEUCOTEA
Bk, HATTE Xm0 B g
MRS B

PRI HE S B TE AT R R A B S T U T 7K
2, WEMEE FIICE (Runup) 1MiJE Y% (Run
down) HyzBld e, PRSP ML 0RAC HAR
FHEE SR S e A8 58 T B LA H R 47 A 5%
W o ARFE AR M I %) 2 AR A RE 7, AT B
XF oh i iz s gE 47 & (Holman A1 Guza, 1984) .
Aagaard Fl1 Holm (1989) i 2 SR 42 5 17 5 2 I [1]
¥ (Timestack), FLULRBELT w5l & aY Kl 2
ik B . Timestack 5218 Th P K2 515 SR
Roe W, AT AT R A PR

3.4.2



2768

National Remote Sensing Bulletin i & 524k 2024, 28(11)

AT IRIC S AR 7048 (Holland 1 Holman,
1993) . Almar 45 (2017) A B FHIAR LB Z
1% 8 B B 68, 43 ARG T o it 3 Bl ol P B T R A AR
@ttt (K 6). 454 T HUA R I i) J S EE R AR R
A th— RN PIRE & ZH LAY (Stockdon %5,
2006; BuJakff, 2023; Atkinson%$, 2017), X#%
RHHES) 1 1 3 ) 5 KUK DAk A it iz 3 AL
LTI

B A]/m

El 6 T @Hﬂajtﬁffizﬂﬁ{tlwm_zjwfﬂluxﬁz%l’é‘l
(51 3 Almar%,2017)

Fig. 6 Result of swash motion detection based on video time

stack (Cited from Almar et al., 2017)
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Fig. 7 Schematic of convolutional neural network—based rip currents recognition mode (Cited from de Silva et al
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Table 2 Comparison of commonly used nearshore bathymetry technologies
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Fig. 8 Result of sand strip detection along Egmond beach, The Netherlands (Modified from Hage et al., 2018)
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Fig. 9 Application example of video monitoring beach management (Modified from Epelde et al., 2021)
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Fig. 10 Video monitoring of the San Michele—Sassi Neri grawel beach nourishment project, Italy (Modified from Harley et al., 2014)
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Advances and prospects of the a shore—based video monitoring technology
on beach research
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Abstract: The coastal zone, which is positioned at the dynamic interface of between land and sea, stands out as one of the most vibrant and
crucial natural regions on Earth. Subject to the interactive forces of land, sea, and atmosphere, it's the geomorphic and ecological systems of
the coastal zone are exceptionally delicatefragile. Beaches, which are characterized by the unique scenic attributes and susceptibility to
coastal landform changes, act as the frontline defense against ocean hydrodynamics forces and serve as guardians of the coastal ecological
environment. Simultaneously, they play a pivotal role in fostering green coastal economies. Strengthening the monitoring and research of
beaches has become an imperative requirement for achieving harmonious coexistence between humans and nature. Traditionally, beach
monitoring has predominantly relied on labor-intensive field measurements, resulting in time-consuming efforts and limited spatiotemporal
resolution in data sampling. The current bottleneck in beach research lies in the challenge of acquiring multidimensional, high-quality, and
long-duration datasets. Shore-based video monitoring, which is an optical remote sensing technology designed for coastal process
observation and quantitative data extraction, provides a new and effective solution for continuous beach monitoring. This technology, born
which was developed in the United States in the 1980 s with Argus as its paradigmatic representative, has proliferated globally over the past
four decades. At present, It it is now universally acknowledged as a potent tool in the field of nearshore observation. While theAlthough
research on shore-based video monitoring technology started relatively late in China, it has developed rapidly. In particular, the joint efforts
of the Institute of Third Institute of Oceanography of China, Hohai University, and Xiamen University led to the independent development
of the Coastal Shore-based Video Imagery Monitoring SystemCOSVIMS. The progress of shoreShore-based video monitoring technology
has witnessed achieved significant progressstrides. Algorithmic advancements related to sandy coastlines, intertidal zone topography,
nearshore wave propagation & and dissipation processes, nearshore currents, and bathymetry extraction have played a crucial roles in
enhancing the capabilities of this technology. These algorithms not only ensure accuracy but also enable a more comprehensive understanding
of coastal dynamics. The applicability of video monitoring technology spans covers various scenarios, including beach management, coastal
engineering construction and assessment, storm surge process observation, and aeolian sand transport process monitoring. Looking ahead,
the future Future trends of shore-based video monitoring technology are promising, especiallyparticularly in the context of the accelerating
coastal urbanization in China. The contradictions Contradictions between the development and protection of coastal zone resources and the
environment are becoming increasingly pronounced. The widespread adoption of shore-based video monitoring technology holds exhibits
high practical significance and value for the research and protecting protection the of coastal zones along China. Breakthroughs in emerging
technologies, such as artificial intelligence, 5G, big data, and Cloudcloud, coupled with the growing demand for coastal zone resource and
environmental monitoring, are paving the way for greater development opportunities for shore-based video monitoring technology. In
conclusion, the evolution of shore-based video monitoring technology signifies a transformative era in coastal research and management. As
technology continues to advance, it opens new frontiers for understanding and preserving the delicate balance between coastal development
and environmental conservation are opened. The journey development from direct measurements to advanced remote sensing exemplifies
the evolution toward more efficient and sustainable coastal research methodologies.

Key words: video image, beach monitoring, Argus, beach nourishment, rip currents, storm surge, acolian transport
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