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Mode selection algorithm
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[ Calculationof Ny ]
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m=1
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(number of modes) = (P),
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Mode selection algorithm
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Conversion matrix 4
Prediction of target response = F’

v n=n+1

Calculation of RMSE A

i m=m+1
-———— n= Nl? i 7 Y
No
I Yes
-— m=M? ——
No

First mode and number of modes of
minimum RMSE
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wave load cases AWstr] flsto] AI|A#AATE &3tk dA

.

wave load case T APZIABATIE TP =2 #e Gy wiEE 2
Agolvt ARA IFHPEETE 2 ¢ glom o] Ao® Yehld
2 (25) & 2k RS, = WA 1A REYE 2 5 Qe wave load

case? ol 1 A7]+= N,°|t}

r(ild) = C * _max r(jlj)} (25)

JE[LNwLc]

RS, = {F(, 5,9,

ANA DHHIREES MEstE= W o] Bigot(2015)7F  AA| g

RS, (D) = {F(w, B, P |[r(klk) = Crp = 7(ilD)} (26)
o] W, F(w,B,¢);i= RS, ol EgH o, wpefa 9] 212 A

FHY T =9 wave load case (w,B,¢); ol Wt RS, 7} Gt

K

e Sulgtt

g $d7F v wEl B =R Aurom
Alzrol AA AEle wds AdERE Tz Ads FAHse
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AFANALL SHARh SEHFl M J1ERHA AR e
AXNE ¥ 8 E A A AT
Input layer
Input 1
Input 2
L
L
L
Input N
9% 8 AR Y T2 oA
AFAAGL 14<F (Input layer), =45 (Hidden layer), %5

(Output layer) 0.2 o]Fo{x glt}, o]

X & A st
7t wEx o)A
flsto] 7hEA| (weight) 9 & (bias) o] 4 -§-Ht}.

M A 29T A k= dHEE v

N
v = bi +Z(WU * x])
j=1
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1. y-shear
2. z-shear
3. VBM
4. HBM
5.TM

6. Pressure

XF HE FAske o] FHAo|rd E¥FY =Ee 1740t
dEZe HixE HFES BT wdd] AydERE dE & e
grolth. FE REHoA 3¥& 3t 24 (Node) 52 24 (Element) 2
x#Fxe TFAAE fal AAFE Load cross section®] xF3iE7t

Fe S Panel 29 AF 9] x]7}
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HAgE AL Ao
= Aol M G A3AAEEY A el i WA AL Gt

St diolE e JirE Aol HolH e AR5 AT dolEAMY HAE
dolgAlew sty d& 4F dFH= Wit 4 (B0 9

T2 AYH= ol o] o
AT BEe kA 9 A3 Aude FUhete WHoERER

HAS WA 4 . Foresee?t Hagan(1997)2 Hlo]AlQt

Awgs dgddst d=rold, 4 31 3 2ok

*2wf+ﬂ*2(yj—y;)2=aEW+ﬂED (31)

a, B X v2hvlE (Objective function parameter)©]th, a2
oA 717 AAWE FAe Adpglo] entstAl WEksty] wEe
HAgS WAL 5 Q= el AR, FAF y 3 FEAQ y; 3
Apol7h A- e7b Aok af] A A77F 22 A9, FE%
TR 7o) Apol= ZropA AR, ThEAlel didk Algko] oFs)A]7]
wite] HA o] WA eyt EAgth wEbA AFAAE ] FFol
HolAlk Fatsts =dE w HH4s sebvE a, g #HE Aohe
Aol FQ¥ WAtk o]e thgh A M S E MacKay(1992) = Bayes'
rules A&3to] a, g Altst= WS AA ST

VAo WEgS Wi e W, dolEl D7F Foixd

AIALZE W B 729k A M wis Bayes' ruleo] w4
29 A. 21 ]|



P(Dlw. 5,) + P(w]a, M)

(32)
P(D|a, B, M)

P(wlM,a, 5,D) =

M2 Q344 2ds AAeth. P(Dlw,p,M) = 71He = (Likelihood
function) &, 7k #WMEl w7t FoAR= ), dHelgrt 2AAE 5=
ot P(w|a,M) &= APAEE (Prior density) 2, HOJE|7}F Fo]A]7]
Aol 742 woll thst AbdghEol st gholth. P(Dla, B, M) 713}
Ao e @k o714 P(D|lw,g M) 9 P(w|a,M) 7F 7h¢-A]<E
i3 (Gaussian distribution) & wW&vkal 7pdebd, 7+ &

2 (33) 3 A (34) & #o] ndF = Utk

P(D|w,B, M) = exp(—BEp) (33)

1
Zp(B)

1
P(Ma, M) = Zo (@) exp(—aEy)

ol ul. 2@ = (D) Zw@=(2) elv ne s delE A,

N& 7hgA 9} Ao & Mgolth. P(Dla, B, M)°] Btst 457t AT

5 ek WS PAstel AFHE P(wlM e pD)S 4 (35)

o
rir

—

ol A = vk,

1
P(MM, a, ,B,D) = ZraB) exp(—aEy — BEp)

(35)

1
= Zra ) P

2 (33) ~4 (85) & ol&ste] HAgs HevlHE HAstety] ol

4 36) & F 5 k.

¥ by N
30 A = TH



P(Dl|a, B, M) * P(a, BIM)
P(D|M)

P(a,pIM,D) = (36)

2 (36) o AMdEE P(a,pIM) & ¥4 Hieta /Mg W, T

P(Dla,p,M) = Avstet= 2= AM-2E P(a,pIM,D) & FHUshsh=

As Yuigtth. P(Dla, g, M)7} S7Fekel whel 2 (32) = gro] wopxith

ot AT WA AFA WEL A gl AR
2 ovlgek

2 (33) ~ 4 (35) & AFdt PDla, g, M) A= d& + Ak

Zp(a, B)
P(D|a,f,M) = ——F——"——
(Dla. 8. M) Zp(B) * Zy ()
Ze(a,p) < HLH A= AAME &3 Sas 72 & Qdth
ST TheA HEH wel dig shrolr] diel, HAskd wMP

Qe Fi oA FAR @Y

o

#
7Hvta g 4 gl ol &
1 Zp(a, B8 IHEE 2 (38) ¥ Z
—141-0.5
Zp(@ ) = 2m)°N « [dec{(#7) | v expi—Fiy (38)
gMP = aV?Ey, + BV?E) (39)

468 = A @D o duste] ap Azl skl vliete]

Fae Rom AN aps T 5 At

y =N —2aMP x tr (gMP)_l (40)

oaMP — 14 (41)
2Ey, (WwMP)

BMP = n-y (42)
2Ep (WMP)

y © effective number of parametersz}il 3t™, AFAAE U<
HenEE T AAdA R Epe dviby B2 g EYE AR EHEAE

3 - )
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ddste HE7F "ok oY B ow Fe EAe LS HAsbeke
o= Hagan¥ Menhaj(1994)7} #|et3t Levenberg—Marquardt
Gy F(LM dagFe]l d&dr. ol 9@ MATLAB Deep

o

Learning ToolboxE o] &3tHom, AAst 4 18 13 3

”

| Initialization of parameters (a, B, weights,...) |

| Computation of error e(w*)) & Jacobian matrix J(w®)) I
I wkHD = 0 4 [IT (k) (w®) +’l’]_llT(W(k))e(w(k)) | | k=k+1 |
| Calculation of a, I I

‘ | pn=pn*10 | | p=px0.1 |
| Computation of Loss function : F(w) = aEy + BEp |

NO YES

Fw**D) < F(w®) 2

‘Initialization of parameters’ °|AX+ A SvlE q,f

ZbeA W A T ZE F2 9EvEHES Nguyent
Widrow (1990) o] A|A|SH Wy e §lztsto] x7] 3}k,
‘Computation of error and Jacobian matrix %A= LM

A Ze] wil FEAMEE JEoES w Fad oxpuE B g

745 e we] th3t Jacobian 3E Jw®)S AAsL o] o, e

w5l 9] HAl ()& 7k WE dHo|EQ N34S veRiTh
9l Aol es}t Jacobian BH Ji= Z47F A (43), 2 (44) <F

ee=yi—y; 1<i<n) (43)

(44)

Jij =

c')w]

o] w] damping factor u += ‘Initialization of parameters’ ©°f|A

z713k8 AHolth, A 3t BES vE SR T 9 w(")E )
i T
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(45) ¢} #Zo] YHlo]EE 4 it}
m(k+1) = m(k) + []T(W(k))](w(k)) + [ll]_lfT(W(k))g(k) (45)
‘Calculation of a,p" °lX+= AMEFA dulo]E & wktD S 2 (40)
~ 2 (42) o Wit HHE vty o5 ARt
‘Computation of Loss function” ol|Xi= A2 A4S a, 2+ 2] (45)
Z ddelEg 7bgx wE wkb R &4 Fwkt)) & AAbeit
gkl Fw®) 7b 71Ee] Fw®) moh g sbEA dE w 7b

AFFE AAnse Yo JuolE Hn ks AL v gk,
o}

FH

o] 7%-, damping factor w7} €478 v]&wF T3

AT, p b A wEwE et B RN 28

o

MATLAB Deep Learning ToolboxoAE o] dA H|&ES 10°0=

cEET-

o
o
B
sk
2
X
XN

A ZF e v VA =1 F O ol

2) ZeAol HYgke zTa.
3) Fw®)7h 548 %t olar} Ak,

) F(w®)e o] 543 @ olalsl Bt
o,

o

5) Damping factor 7} 443k S %3
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2dS WP FARDE ARSI FPSO 2do 42 1Y 14
9} o, Fxrdo ™2 APolt}t. FPSO E=¢ L(Length)+
165.8m, B(Breath)+ 43m, Depth® 22.8mo¢]t}. FPSO X 4o tfst
+EalA 2 FEEA2 DNV SESAM software® 3315l oh + 34
2 0.025, 0.05, -, 1.5 (rad/s) & 6071 F3¢ 0, 15, -+,180

(deg) 1370¢] 3]FZel sl 3 aSir),

9th LCS 7thLCS 5th LCS 3rdLCS 15t LCS

1% 14.FPSOS] A mEl
FPSO EH2 ol A Fx= o] 7] witel Ballast tank$}
Cargo tank Z4Zfte]l oj97 3t=S HAsk= kol wel A3 et
o a4 2 9 AHAFEAY Y @AM FAstuA sk
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dolg e aldsts A AsPdEE FEstoh webA, #HAS 2714 9
A7t o dteh, weba] Ballast tankel] ballast waterS 2 A3t

[e)

= AAs

A3l el LC(Loading condition)#13} Cargo tankel 3%

7 A8kt F7k2 Cargo tankol 2 A3

tol &4 (Draft) 7} LC#13 LC#49] &5 Apele

L% A3 LC#2, LC#3e F7F=2 AAs3inh. 2t 23}t el A

=]

FPSO E=e] F£2 A ¥ 12 AA A}

1.3

stk o] & FPSO el F2 A9

LC#
Displacement (ton)
KG (m)
Draft (m)
LCG (m)
RGxx (m)

4
109000
11.9
15.2
78.6
10.8

44616
7.15
6.37
786
15.7

60950
11.6
8.63
78.6
11.5

84977
11.8
11.9
78.6
10.6

2l

VS|

o)
'ﬂ:% =

2 59

_4

Oll

section) S A A3y, 78 14 o] FPSO Rdo xHMEF =

of %4

LCSel 914 AFeA & 949 LesE 4Aetgow, 7 Lese

1

x &}

i:lil

L —
R

m

N

9 2t}

¥ 2.LCSY 97

LCS #
X(m)

202 | 35 | 499 | 65 | 829 | 95 |1094| 125 |139.2

WERAe AN A4 93 Fo] Hi

S

1% 2}

s s TSR 947} 2
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el x5S AFsel b3 LBSG 447 #AEtn
AT ol F AFHANN o QaBY N ANE BElol
S

W ol legzks AArskth 7 LBSG7F H-#)

v
rlr
i

o
a

207001, 18 15 & Y= FEAEFY ).

Port z Starboard Port z Starboard
Y S Y S
oth LCS
(Load cross 1t LCS
Y o Y
section)

719 15. 7HAF LBSGE] 9 A

% 15 = LBSG #1~#48F #17~209 Y9x5 ZAsta ok
20708 LBSGE 4704 Fol 5709 2w o= vtk 2 152 £ 2
o] LCS#1, #3, #5, #7, #9 9 Tds xIARE A} o5 =
LBSG #1~#49 LCS #12 #& xJFEE Tt o]F, Fdst

xFEE 77X+ LBSGES 727} Starboard deck, Starboard bottom,
Port side deck, Port side bottom®l ®] %] 3} t}.
W3l o] ZEo Sk~ 3 (Hotspot) 8 1%+ midship %19

i
FoiAz Adstint. 4 TR A midshipeld © 2

Sdo] ZLst7] wFEoltl. Midship 9% FH A (Longitudinal) ol

skl 1% 16 7 2ol fine mesh® A&8 & T2slde AT
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T, FHAE FEE dplate) I FEHE FHT Fqagom

¢

A sk wEbd Me f-E2 20709 8 F SHAZESE A%

430 XY SHNEE FHRES AN
32. AFAR Y ¥

a% 2 = AN AERPES FA Askel E 1o ANE
AsppeE 29T FRSH) AP BE AHe AR

nde 3% 13 Fo] F 47FA Y HIPGEHE AASTE mEkA xR
Asde el 7 AA AsPFH Y S5 Atole] o xE AsPgHE
B238F Case A, BE 3% 3, & 4 2 AAste}.

X 3. A3 E o] B Case A

=5
Case A X SLALE A7 HohE
LC # 2 1 4
Displacement (ton) 60950 44616 109000
KG (m) 11.6 7.15 11.9
Draft (m) 8.63 6.37 15.2
LCG (m) 78.6 78.6 78.6
RGxx (m) 115 15.7 10.8
% 4. A3 H 9] w7 Case B
=5
Case B X SLALE A HoletEl
LC # 3 2 4




Displacement (ton) 84977 60950 109000
KG (m) 11.8 11.6 11.9
Draft (m) 11.9 8.63 15.2
LCG (m) 78.6 78.6 78.6
RGxx (m) 10.6 115 10.8

AALE [Aproposea] T ANSFATE. [Aconventionar] & LCH1T #49]
S84 Aokl $HALRFE AAE wskgdoln], A4 Hateirt
2744 017] WEel [Aconentionar] S8 27FA010h,

Case B [Aproposeal & LC#39 2314 Atel AyaAggow
FAT ALRFE AN, [Aconventiona] & LCH23 #42] 2534

Asts} SAALTSR A4ta Wa Lol

Whole hpFE alysis (At al LC)
Target location:

Whole ship FE analysis (Actual LC)
B locations

___________

Target Stress transfer function

Target Stress transfer function
function (Actu: "-C N umerical) (Proposed & Conventional method)

s
(Actual LC, Numerical)

(((((((((

RESPONSE SPECTRUM COMPARISON
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Modified PM (Pierson-Moskowitz)

(wave spectrum)—
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spectrum®| ™,

spreading function®l
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)}
significant height Hg 9}

(a) * T,
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) +en]

w*T,
2m
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(Hs)? =

S(w)

zero—crossing period T, %
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O] A @0l Folx TR Ftel A FxEE A (46) ¥ Zrh
XR =RU cos(a)it+¢ij) +Iijsin(a)it+¢ij) (47)

g sdlEgon $HATE AME 4G, ¢y S 0~21 AbololA]

o

439t 919 42 zFse] HAHAELS gt TG

=
94 (48) 3 2k

N
X=21/S(a)i)*6a)*XR (48)
i=1

|

3

X

o

2l (48) & S 7 LBSG % A%t &HAS

o

[Aconventional] Oﬂ ?:]E—%]a‘]-% §1‘_/:-‘;%9/] ?}—%%Oﬂ EH?J.— 2%%‘0/] ‘7}‘@%)(
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o o] &euk 94 ¢= Fhete] Aatrdtelld e xS e Aatet
Aspdeiel  meEh AyrdelMe FxREEel 2RVl w2

¢
FAH S FAE o Age Fuhgeel S5 A7 A N,
NgoliL, ©elat 9144l M7t Ny d W, st dlolEl e MFes !V, *
Ng * Ny * Nyo)°lth Nic= Al Asdele] 7ol Case A, Case B
B 20|tk FPSO R#el A$ N,=60, Ng=13°]", N, =40°%

M) Wil S5 dolele] AsE F 62400747k Bk

3.4. AEFHY A

% 3 9 Case AdlMiz & =%o] AAE WO R A wghyd
[Aproposeal S 718 o2 AdSt ARBD [Aconventionar]l 27V,
3719l WaLEd S AR [Aproposeal © T3 ASHFHIRL LC#2°0

Wer AAl Ad ke Agges dpAgwos 29 LC#2el g

[e)
o
AFANALE AA AFgAEHS LC#1Z LC#49 Fx8|A A=z

SEeh. AFAATel A FEHAEA FAs) fske] A
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T3 SEAGs e 7Y AF3ASF (Correlation  coefficient) &

& =-D 0=
JEGi - 02 5 20— 72

A7IM x= FAE#eIH, vy Aoz g gholth AdaAls ro] 1]

HeFE F ool BUstE A% dvidth AFAAYe TS

e AdAFE A2 % 5, % 6 o2 AAEIYE % 5, % 69
AWMA el ZAE (a-b)& A7 245 T b)) 9 YT shv T

w0 A (a)E WER Zlojth

T 5 QF ALY R =A8E LCH2 7MY} LBSG S8 dGato A3 A S

Measure (20-2) (40-1) (20-1)
1 0.682 0.709 0.680
2 0.562 0.525 0.582
3 0.872 0.873 0.878
4 0.952 0.971 0.971
5 0.985 0.988 0.988
6 0.866 0.842 0.891
7 0.968 0.970 0.972
8 0.925 0.922 0.926
9 0.952 0.958 0.959
10 0.928 0.934 0.939
11 0.852 0.869 0.900
12 0.979 0.983 0.986
13 0.983 0.989 0.991
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14 0.993 0.994 0.994
15 0.951 0.957 0.957
16 0.812 0.836 0.829
17 0.984 0.987 0.989
18 0.982 0.985 0.986
19 0.982 0.984 0.986
20 0.794 0.804 0.802

FK

6. AFA AW O Z F43% LCH2 shAdr S8 dAGdsh o] A4

Hotspot (20—2) (40-1) (20—1)
1 0.989 0.988 0.988
2 0.985 0.990 0.990
3 0.992 0.994 0.996
4 0.993 0.994 0.994
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3 7.Case ACONV#19 T HHER =

7~13  AfolellA

¥ 7 ~¥% 9 2 AASY).

Mode # Freq(rad/s) | Heading(deg) | Phase(deg)
1 0.575 0 61.7
2 1.425 75 72.0
3 0.75 135 308.6
4 0.85 45 267.4
5 0.725 60 113.1
6 0.75 120 349.7
7 0.6 165 216.0
8 0.8 30 174.9
9 1.275 105 205.7
10 0.75 150 82.3
11 0.8 45 185.1
12 0.75 60 329.1
13 0.625 135 144.0

3t 8.Case ACONV#4 O] IR EE

Mode # Freq(rad/s) Heading (deg) Phase (deg)
1 0.65 150 41.1
2 0.625 45 102.9
3 0.575 105 339.4
4 0.725 30 185.1
5 0.8 45 246.9
6 0.725 135 92.6
7 0.65 45 123.4
8 0.65 30 226.3
9 0.825 45 20.6
10 0.625 30 277.7
11 0.7 45 51.4
12 0.625 45 123.4
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3£ 9.Case APROP?| I fFHEPRE

Mode # Freq(rad/s) | Heading(deg) | Phase(deg)
1 0.8 135 329.1
2 0.6 0 61.7
3 0.85 45 257.1
4 0.6 180 30.9
5 0.7 135 360.0
6 0.65 45 267.4
7 0.675 45 318.9
8 0.525 150 288.0
9 1 60 82.3
10 0.675 165 267.4
11 0.6 30 51.4
12 0.925 120 82.3

kH

4 9] Case BE FYstA £ =Fo] AAgt WHHo=z AAiksH

W3l [Aproposed] o} 7)1ES] WHo® Aiks Wy [Aconventionatl
LC#39]

27H, % 37H9/] Eﬂ%gg‘g% ﬁ]ﬂ'?ﬁﬁ} [Aproposed]l‘f

Case 37FA 1y Al A9

Measure (20—2) (40-1) (20—-1)
1 0.778 0.781 0.774
2 0.818 0.798 0.754
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3 0.943 0.948 0.955
4 0.967 0.974 0.974
5) 0.987 0.989 0.989
6 0.951 0.955 0.949
7 0.980 0.985 0.984
8 0.933 0.944 0.936
9 0.964 0.965 0.965
10 0.976 0.973 0.968
11 0.964 0.967 0.966
12 0.985 0.989 0.988
13 0.993 0.994 0.995
14 0.997 0.997 0.996
15 0.976 0.976 0.975
16 0.903 0.902 0.900
17 0.988 0.988 0.989
18 0.991 0.993 0.993
19 0.988 0.991 0.989
20 0.891 0.908 0.901

Hotspot (20—2) (40-1) (20—-1)
1 0.985 0.985 0.985
0.996 0.996 0.996

3 0.997 0.997 0.997

4 0.994 0.995 0.993
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LC#29  FA814  Adeld uHHFRSE A9 wAdPL s
‘CONV#2" , LC#49 A& Aielr nFRFgR=s A9
HEgEE 'CONV#4' o)zt P 3l

¥ 12. Case BCONV#22] 1R

Mode # Freq(rad/s) | Heading(deg) | Phase(deg)
1 0.65 15 226.2
2 0.675 150 113.1
3 0.625 180 61.7
4 0.7 45 144
5 0.8 120 174.9
6 0.9 135 339.4
7 0.55 135 92.6
8 0.825 45 349.7
9 0.875 45 72
10 0.6 30 30.9
11 0.725 60 144
12 0.65 150 360

¥ 13. Case BCONV#42] 1R

Mode # Freq(rad/s) | Heading(deg) | Phase(deg)
1 0.65 150 41.1
2 0.625 45 102.9
3 0.575 105 339.4
4 0.725 30 185.1
5 0.8 45 246.9
6 0.725 135 92.6
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7 0.65 45 123.4
8 0.65 30 226.3
9 0.825 45 20.6
10 0.625 30 277.7
11 0.7 45 5l.4
12 0.625 45 123.4

¥ 14. Case BPROPS T RfHE R =

Mode # Freq(rad/s) | Heading(deg) | Phase(deg)
1 0.675 30 236.6
2 0.65 135 216.0
3 0.525 180 133.7
4 0.65 150 20.6
5 0.8 135 246.9
6 0.8 135 133.7
7 0.625 150 41.1
8 0.75 45 102.9
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Correlation coefficient to LCH2 stress transfer function
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Modified PM spectrum, H; =5m
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spectrum®| A Tp = 1.408 * T,©| t}.
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Z 3} v 30 (Step 1)
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A~HEY (Wave spectrum)=
15 ¥ o] FQ

J3F3itk.  Modified PM

E 15 v AHEF

Spectrum # B(deg) T,(s) T, (s)

1 180 5.0 7.0

2 135 7.8 11.0
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Hotspot Stress response spectrum at Tp = 7s, head = 180 deg
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Hotspot Stress response spectrum at Tp = 11s, head = 135 deg
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Correlation coefficient to LC#3 stress transfer function
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Hotspot Stress response spectrum at Tp = 7s, head = 180 deg
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Hotspot Stress response spectrum at Tp = 11s, head = 135 deg
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Abstract

Development of conversion matrix
based hull structural response
prediction method by artificial

neural network and distortion base

modes

Joon—Hyuk Yang
Naval Architecture & Ocean Engineering
The Graduate School

Seoul National University

Some researchers in the marine industry have developed a method
for monitoring hull structural integrity in recent days. This is because
design process for hull structural integrity, such as regulations, is
based on statistical data and has uncertainty. Therefore, the hull
structure integrity monitoring technology using real—time
measurement data is required. The methods based on the concept of
a digital twin that projects a real ship into a virtual space have been
investigated by several researches. The purpose of these methods is
estimation of overall structural response from limited number of
measurement data. To achieve this goal, some researches have been
conducted to calculate the conversion model by assuming the hull
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structure response as a linear combination of the intrinsic mode
structure response.

This paper proposes a numerical model that estimates the
structural response of unmeasured locations from on—board
measurement data. In this case, the conversion model assumes the
base mode superposition. The accuracy of the conversion model
varies if loading condition of numerical model differs to the actual one.
In order to improve the accuracy of the conversion model, the
proposed model applied the artificial neural network model which is
trained to estimate the structural analysis result from the motion
analysis results. The proposed model was validated on the numerical
environment. Validation is conducted by comparing the structural
responses estimated by the convention conversion model to those

estimated by the proposed model.

Keywords : Hull structural integrity, Base mode superposition,
Artificial neural network, Digital twin, Conversion model
Student Number : 2021—-28246
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