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Just like an engineer—find the problem and fix it.
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ABSTRACT

Taiwan's mountainous terrain and rapid streams make the region prone to debris
flows during heavy rainfall, posing serious risks to people and infrastructure. Real-time
monitoring and velocity detection are crucial for early warning.

This study presents an image-based method to extract debris flow surface velocity
in real time. Two Regions of Interest (ROIs) are analyzed by tracking average grayscale
values and their changes over time. Using smoothed grayscale time series and slope data,
a time delay analysis with Root Mean Square Deviation (RMSD) determines the optimal
shift to estimate surface velocity. A floating threshold mechanism filters environmental
noise and detects event timing within ROls.

This study was validated using synthetic images, indoor flume experiments, and
field debris flow video. In ideal conditions, the method showed high accuracy with an
error below 1.4%. In flume experiments, lighting variation and automatic camera settings
caused brightness inconsistency, leading to an error of about -20.22%. Field images were
affected by poor visibility, water droplets, and mist, resulting in higher errors, though
some cases achieved a minimum error of 15.13%.

Overall, the proposed method is effective for preliminary surface velocity estimation.
However, its accuracy in field applications is limited by environmental and weather-

related image quality issues, highlighting the need for further improvements.

Keywords: image processing, grayscale, time delay analysis, debris flow surface velocity,
real-time monitoring
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First image (t = t,) First image (t = t,) Second Image (t = t, + dt)
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# 1-1 LSPIV %4 kiR

515 Kim(2006)[8]

Uncertainty
Code | Estimated error (Components¥*)
Illumination
Uill Global illumination (B, P, G)
Uil2 Local illumination non-uniformity (P, L)
Seeding
Usl Grouping (B, L)
Us?2 Tracing (e.g., wind) (B, P, L)
Recording
Url Image resolution (B, &)
Ur2 Time interval between images (B, P, G)
Ur3 Sampling time (B, P, G)
Urd Camera movement (B, P, G)
Transformation
Utl Distance (B, P, G)
Ut2 Marker point identification (P, G)
Ut3 Brightness allocation (B, P, L)
Ut4 Camera positioning and orientation (B, N/A)
Ut5 Magnification (B, N/A)
Processing
Upl Peak finding (B, P, G)
Up2 Background noise (P, G)
Up3 Velocity gradient error (P, L)
Up4 Interrogation area (P, G)
Upb Searching area (P, N/A)
Upb Windows offset (P, N/A)
Up7 Out of plane motion (P, N/A)
Up8 Image displacement (P, G)
Up9 Image quantization (P, G)
Upl0 Seeding density (B, P, G)
Upl1l Seed size (B, P, G)
Upl2 Seed brightness & contrast (B, P, G)
Post-Processing
Mppl Velocity filtering (P)
Wpp2 Minimum correlation coeff. (P)
*B= bias error, P = precision error
G= Global errors, constant over image
L= Local errors, varies from a grid point to other over image.
N/A= Not active error for present configuration
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Fujita % 4 (2007)[3]%& 21 7 § ul*t LSPIV 3 & jiid e % » 42 % % -pEFY
2’ 1R i# % (Space-time image velocimetry, STIV) » H 3 ;2 2 483 jR T (703 }
Bl - FHER PHEFRAGEF G Ay e P REA - B E-pER
# if(Space-time image, STI) X po 8 = 3 §Ed Y 0¥ = 5 R - f o PE RPN
PP EZAF(Q) TLELRENBERN DT 0% R > 4o 12 977 o d ke
Fp B s LSPIV = ;2 b i B35 dieiig B2 LSPIV #ave & » 7 25 i B ot
LSPIV - 10 & o

searching line segment

X
/ x’
> glx’t")
T4
local window (area A)

‘ : high coherency

7zl

X
R
N

7 A #
l
i

7

= RRD

original images space-time image (STT) orientation vectors for mean  orientation
cach local window angle for an STI

Bl 1-2 STIV % § a2 % 5 2 7 2 B
51 8 Fujita £ % (2007)[3]
ER G AR LSPIV 3 BiE B 2 S © ded W HehpE o 1 gE
I ARRE 2477 B eniz A o Jacquemart(2017)[8]41* LSPIV &% » B * 3t 5 F &
N: RRFERLPE L BTL T R HERPE N LD ¢ wa F
S G REBEY FED T APM AT L eae B o d 3 B T D o @ R
& 4.1%3% 41.5%2 [ -Theule(2018)[18]% = #-LSPIV J5 # ** -2 7in % #(&
SRR ETL)Y 0 F BT R TR J LSPIV 225 Tiainig o 8 & pLien]
Porld o WAL 28%  BEERRIBE R ELYE 16% -
PTE kA 2 ATE(AD > % B8 ¥ (Machine Learning)fri# & 4 % (Deep Learning)
P-EF B BB FF AT A FE NG kA PR o Kim £ 4

(2022)[10]#-% A £ 3 31 » STIV i H 2 ¢ @ WAEY 3 bR (4~ £ F 5
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B o a )AL STI R o @355 S0 & BUL B W il A i {508
FEo pE P B (K 500cm ~ B 10cm ~ & 10cm)2 7 inf B o o A PR PR A3

Fob g iE BEL 43 44%3 10%2 B - Pham v Kim(2022)[15]2 = — 4% You
Only Look Once(YOLO)# & i# en¥ # 4! 5 4 gt (Convolutional Neural Network, CNN)
Al ve BRFL L FEE T B ARERHKE 04m -~ F0.15m~ F 0.4m)fr

3~ A BEF&K(E 96m - B 2m -~ B 1.2m)F 5 0 £ 5950 b B2 i ] ahow) 2
Foinan gt od Al K IR RRPIRE - BRI W R R E A PRFESVEEL S
27%3 12.9% - % CPU:Intel Core i5 9600K@3.7GHz ~ 3z & %8 :64GB RAM fr
GPU:NVDIA GeForce RTX2060 SUPER(8G) 1 ¥ 4 5T » & )7 23t 8 16 #f
3840 x 216018 f& 39 #1920 x 1080 1% i -

AR ER PR Y B AL A TG TR AT B d G i

\rm

ik B AR E RS e o 03 4 (2020)[21] 0 B A B 6 R
R AR LAY NG o REBHE ROL{Seh— B R - S 46 H u2e
B A I B STiEBehd B R 4B % B (Region of Interest, ROI) P e
BRI REERE B EA A B ROI il 2 05? AP ES L A7)
I35 33 4 (Root-Mean-Square Deviation, RMSD ) 3% iz H 5 i 455 chdp i 4 »

LB A o e B E S kG RS 2 ad

13 ke %#

ARG ARG LB AR P2 KEFTHR S EN T % R
PlhrtifrgmB R -TEh AP AL FIERR-TET 22 M1 8R A
AT RTINS EE AT SRR RN AT T
BB o THEdo%  SEFHRPGEFREPE A A REET (12
P BBER S FRRAE) R E TR N KRS T ERE T RPN F
So BP BRI EH PR poguRE T E o TIE Bt EBRF L T
R (402004 & SOE{IRR 22 2024 & Pk B b % ))& 7R AR A 17 o
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Chapter2 # 3 3 &
21 HA*z K
211 Her i

$#c =B f(Digital Image) & #cF A58 1k m AR T 0 o4 - kA E G g

A~

)28 et (pixe) e A o e B AT K ML AN R R H Y B BE S
7 7 i=(Red) ~ % (Green) ~ ¥(Blue)= B ¢ $23i€ if (channel)sh & & T & i i h3
B FEA 303 255 2 B 2 Bl AR IR NRREE o 4of] 2-1

oo B R M- BB AT RBE e T L X S e 0 v L b

Y #h B o

B 2-1 #c- 8 o 3

212 7R

fRiT R A GRS TETARRNE R gk BHEFEF L 5 B2
47 & (Image Resolution ) ~ ¥ ¥ f247 & ( Temporal Resolution ) 2 5 & f247 & ( Spatial
Resolution) = #& °

¥ 15247 B (Image Resolution ) % * 145 it #c =84 v ¥re 3 ok hiidic i
¥l R T ExEd §F | 38 &7 0 bl4cfEdr A 2 1920 X 1080 %% ik &_d
1920 -k L HZ - 1080 B L2 i F T o B iffii7 B F PR MfiTin & Menlm &

B o fRATAARR B g P TE F iR AR S BT A i m & AR

k“\&

a‘_‘, °
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P ¥ f247 & ( Temporal Resolution ) f] 1’,’,‘&#];3 -0 ST SRR S I W S £ P
WH - pER N R o=l 4 T B4 % (FrameRate) | %7 ¢ o @ P A
B t7e > FRRT R F 1= §) B+ 8 (frames per second, fps) # 71 o b 4e
30 fps % T & Fi P~ 30 B F e BREFRIEITAR A A REDIERTIE > 7 { ke
FHRPELFFR b LFA RAFE PRI ERHL FaltoeRn o 1B
SER AT RS TR R EEE B PR L FRAITE 8 R
EES R S

7 B 3247 B (Spatial Resolution) B #* it # ke & - G EZHBEF E+ o
Fende RS ) o e = ik (m/pixel) & 2 A /iE (em/pixel) & 1 o B bld 3
ZREfETR S 10cm/pixel PFo R AP F- B FEER e 10 24 %10 24
N o 7 R RAR] 0 R AR BIENH AT B o &Aoo G B SR ]
B gt e ABPINIHA TR IRBER VL IFFRE I R ER
HE & FF o
213 A fFit

P rinEd kAR PHRACE @ A it B A D XL Baeh

g A RRAKSS AL Fl w2 R GRS RS BN 2 R e o e

-

AR LA PG T IERFRATI e % F(RGB)Z BEd
Siagl ST YRR L I S U R O

AT R J% R G 8P (International Telecommunication Union, ITU) #7537 2 2
DRI R I AREG AN YR RCBZ BEd i HARE TR
R @8 DY 2 et g Gl T > 328 2 N 4o (2-1 )57 o B
2-2(a)5 2004 & 7 % 288 33 K ST RIS B Bl 2-2(c)~ (d)-

(A5 e~z BEd 2o B 2-2(b) 5 12N (2-1)3 B 2 A pE g e
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f(X,y)=0.299x R(x,y)+0.587xG(x, y)+0.114x B(X, y) (2-1)
He xfry a8z gt > > R G{rB A % 5 B AEX, ) fFE -

Ld BRI EZEI ARG HEF A0S ZFEHENEIRLI BT R

(a)¥ ¢ & i (b) % K &% i

(d)% ¢ 4 if (©F ¢ @i

B 2-2 BB 2 piagsd
214 R 26T B

B #42% %2 (Region of Interest, ROI) fidp 2@ v EPZHLHE - K5 H

BT AT RIL g R o AT 2 R AT AR o A A R B R Y e i
T3 o T B EE B ROl e 54 > 53 #%ﬁiﬁ%%# HEZ: 27 822PH %
Boo g IEE R AT R &8 ROL P 2§k 87D > "p i MR 20

T ELFIRT EHE L BF A X AR AT B AR B
FEPLE R o

Firt ROl Z FAMPU ¥ B EF fBY (mask) > AP R L - 2R
Wt - B B G 1 (8 255) F A B ROLaqR 3 o
B FUEAITRIL G R ES OFRIAFFRTE > Haird 4 PR

10

doi:10.6342/NTU202502670



(a) (b)

B 2-3 #04 ROI 2 F s () B 48 s (OB B E 5 (c)F 3 ROI f F 15 ¥

2.2 T EPmiE

221 AP EEF T BEK

LA Rind i AT - FREATREL P O ERS B L)
AR P ApEE S L oaps 248 % 38 (RO 4o @) 2-4(a)rm o H ® =& EJ % # 5 ROl
¢ B 5 ROL - A ﬂxfﬁmﬁﬁéﬁﬁ Lo 2 Foii & e d ROL » RODL #
# o

EL¥tE - MBS A B35 ROIL 22 ROL & &2 p wp@%7ﬁrﬁ“f’i%
NG R G EERE 0 UBREE R TN E (Average Gray Level ) » 32 [T
PAREE ) TR RS LA 2t 2 2 LAp - ROL T8 N 975 2 B IR
S-BEH BEEFHARR AF R BB R OEE S o

Yol 2-4(b)#rE o Ml F B B2 ROI Tohfifaid = L6 wER A
7 » A u$HEt ROL 2 ROL o 8- % A 453 e B 5|2 B et BEFF (Time
Delay, AT)>» 2>V =L/AT k5 & 2 £ind @ inig o

AT AEFI TNt doinid 2 PFRAFAEE A 455 0 44HE Y 2 ROI EBer
O FE =T AL e Rl e ST
1. BRI TEED > 2 FonininAp g F 0 E ROL i# 3 ROL 2 RN &

BERZSL A R B RAE RS S o

2. B ROI BN hF 2 TIRAIFET T F P L Finandijce
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3. B F - B E 305 RO & ROL PFF » #7ig & 2 A IF % V485 2 - R >

2F AR P S s M 0

4. BEROLE ROLFEF R £/ - FRFRB- R Ft Afp g1 &d 2 7
it~ ROI F 38 #7ig & o
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| T ars e o

H
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F 4-6 FHERHEAR TR ERFALVR

B (5)) AP EA | RRANE | L@E(cm/s) A EHFEL(%)
17 3% & (cm/s) B (cm/s)

10.567 14.28 16.46 -2.18 -13.23
10.583 14.24 16.53 -2.29 -13.86
10.600 14.18 16.61 -2.43 -14.63
10.617 14.10 16.61 -2.51 -15.12
10.633 14.02 16.67 -2.65 -15.92
10.650 13.93 16.73 -2.80 -16.71
10.667 13.85 16.73 -2.88 -17.24
10.683 13.78 16.75 -2.98 -17.77
10.700 13.56 16.72 -3.16 -18.90
10.717 13.53 16.77 -3.24 -19.34
10.733 13.53 16.96 -3.43 -20.22
10.750 13.57 16.88 -3.31 -19.62
14.083 17.03 15.75 1.28 8.13
14.100 16.87 15.38 1.50 9.75
14.117 16.74 15.38 1.36 8.85
14.133 16.36 15.15 1.21 7.96
14.150 16.24 15.45 0.79 5.10
14.167 16.12 15.30 0.82 5.39
14.183 16.05 15.45 0.60 3.86
14.200 15.99 15.23 0.76 5.02
14.217 15.96 15.23 0.73 4.81
14.233 15.94 15.53 0.42 2.69
14.250 15.95 15.00 0.95 6.35
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P (F)) ARG RER B OPR & ] 5@ 4 E(cm/s) | APEFZL (%)
47 1% B (cm/s) B (cm/s)
14.267 15.97 15.23 0.75 4.90
14.283 16.00 15.30 0.70 4.57
14.350 16.17 15.23 0.94 6.21
14.367 16.22 15.45 0.77 4.98
14.383 16.28 15.45 0.83 5.38
14.400 16.34 15.75 0.59 3.77
14.417 16.40 15.38 1.03 6.70
14.433 16.45 15.38 1.07 6.98
14.450 16.49 15.15 1.34 8.86
14.467 16.52 15.45 1.07 6.94
14.483 16.80 15.30 1.50 9.79
14.500 16.56 15.45 1.11 7.16
14.517 16.58 15.23 1.36 8.90
14.533 16.60 15.23 1.37 9.02
14.550 16.88 15.53 1.36 8.74
14.567 16.88 15.00 1.88 12.54
14.583 16.88 15.23 1.66 10.87
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