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Abstract

The objective of this independent study is to investigate the performance of Dynamic
mode decomposition (DMD) in terms of prediction. Three sets of sample data are used in the
study. The DMD is unsuccessful in determining the number of COVID-19 patients in Thailand. It
was either significantly underestimated or overestimated. For the PM 2.5 data in Chiang Mai,
DMD is successful in some intervals and ultimately fails in others. In the final set, the DMD
predicted data for Chiang Mai's population accurately reflects the actual data, with a deviation

of just 0.7818%, and the predicted data's trend is in line with the actual data.
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Jey 2.7.1 [6] Mnun A Wuvmsngia n X n dnans 1 2256071 ANanwRnIzYed A Nauduiu

nnwesanvuzianie ¥ dfinnwes ¥ Aldidunnweiaudluliginnmes R® Avinli A% = A3

NNLWBS ¥ 138171 LINLADSANPISIRANIZYY A Naudeiu A

[S2UUASIURYaNITITINTG BRU, luM3NG AISNUMEIanIg wagnnmosanyzianiz]

1

fagnezr2tia=[1 5=t

] waz A = 2 2uanein A uag v L9u eigenvalue uaveigen

vector 9849 A ANUAIAU

Aaay Llesan AD = [_1 1]

=

AUy AD = Av

2 1w - 1 [ o U
wlain =2 LﬁUﬂWaﬂHmzLQWWS%BQ Auag v = [1] Lﬁunmma%aﬂwmmawwmaa A d@n3u

1nA18819 2.1.2 01l ¥ = [Z] o a 1uduiuaiele q A luwindugud udragldin
S sllel = gl wee a9 =29 =2 =[]

Tufe 1 Wumdnuazianiziisriie1res A Nadeiunnmasdnuuzianis § Msenande dmsuen

ANwULRNINgITeRT 98dnnwasanwuLNNg lAa18nNmas

fe1 2.7.3 [5] 17 A Junn3nddd n x n uaz 1 Juanansle 9 93580 det (4 — Al,) Fadunnuy
Ty 2 91 wiuudneazanie (characteristic polynomial) Senaunis det(4 — Al,) = 0 91 &un1s
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2.8 Singular Value Decomposition (SVD)

ANUNSNG H & m wo? n %an w580 m X n 119u1a (size) 30 4f (dimension) v83 H

Weuunuaiy dim H

Heoy 2.8.1 [10] Aviualst 4 Juansnd auia m X n 1513gi5en

Fualeves R™ fiaudumennnasua 31 ailouwad (row space) 09 A
Fualves R™ fiaudusnonnnesudn 91 awewdn (column space) w99 A
Fuaoves R® Midunawasvos AX = 0 41 daaue (null space) vos A

\SendAvesUsQivanveduning A 154 (rank) Yauun3ndg A Weuunusiey rank A uay

a a1

sendiivesIgldaudveauning A Irauenin (nullity) vauam3ng A Weuunueie nullity 4

Y Y

vi3e nul 4 thifie
rank A = dim(Col 4) ez nullity A = dim(Nul 4)

1y 2.8.2 [10] Mviualy A Wumsnduuin m X n 1515eniRvaaaswn? (Viseaonan) ¥a9 A 31

us9A(rank) ¥99 A uaziSuniifvesiaaiUeues A 11adn (nullity) ¥89 A

Y saa o

daduna 197 A WWuwnsndinil n vd

1. rank A \udrwuwnafilidugudnmun Wednlviegluzu row echelon leiwen

2. NARAYURITTUVALNIT AX = 0 2xddunudimisiimes widu nullity A

3. 1R %59 IWIUANITNVDIFIUDY null space V83 A Wiy nullity A

T A luamindauin m x nagledn ATA Duavdndauunsiie n wazdeadlqauantfvdas
Lﬂumwmwﬁqﬁyﬂmﬂlﬁ W {#y, ..., By} Lﬂugmué’ﬂL%W'?qmﬂﬂiﬂﬁgmwﬁwaq R™ fiUsznausae
nawesiamzsves ATA wagli A, ..., A, WJusdnsazienisiiaudsfuwiasnnmesanyazanizaes
AT A danalst dmsuusay i € {1, 2, ..., n} $1lan

|A;|1? = (A¥)T AV, = D] AT AD;
= 9] (4V)

=
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Adnwazianizeas ATA Wudruiuasiiannnimvsewndu 0 way /4; Wuanuenvesnnnes

AV dwiunn i € {1,2,...,n}
[ 1 = v v 1w T VY &
FUNFEINTIDIIYIDUAUAIANWULLANIZVDY A" A lﬂL‘U‘u
/1121222/17120

SNIEN A = A = =\ /2, = 091 Anengau (singular values) vad A uagniivuali

o, = JA; dmsunn i € {1,2, ..., n}

AolUauudin A fAeng1uid199in 0 8y r i1 Tuhs A, = - = 1, > 0 wmswininwes v;

way A;0; asniunn i # j agledn
> \T - _ ->T T - ->T - _
(A'Ul') (A'Uj) = L'A A'U] =7 (){]U]) =0
Aadu B = {AD,, ..., A} Wuwadisiiann dawaliweiidudassiBadu dasazuanilain B 1ugu
wanves A lneli ¥ unnwesle 9 lu A detu 92 £ Tu R* 71§ = AX w51z {By, ..., B, } 1 Jugu
nandmsu R™ vl danans ¢y, ..., ¢, B9
J_C') == Clﬁl + A + Cnﬁn

(%
0

bNINTREUU

-

y =AX = 1AV + -+ AV, + Cp i AVpyq + oo+ + CLAD,

= ;A + -+ ¢, AD, + 04 -+ 0

'
Y]

Yufie ¥ eglu Span B vilwlaa1 {40y, ..., A5, } Jugiundnidad saind msundnues A uay

rank A = dim(Col A) = r lag) Col A unundnuss A

[

iagUannsiigandssudunguiunlacai

nguiiun 2.8.3 [5] Wi A Juwv3ndawin m x nuag {7y, ..., B, } 1Jugundni@eisannusnAgiunis
289 R™ fiUsznounlgnnaesanwusanizued ATA fausesdunumanvasianiziaudeiuinay
nnwesidu Ay > - = A, aunfdn A danengunbiiduaudey r é aglean {4Dy, .., AD 1 Jugu

NANWIRNIRINE1SU Col A wae rank A = r

[Adus Ju1n, NYAMATAEY 1, NAIVIAMAAIEASWALINYINISABUNILADS AMNSINYIAENT

PANTUUNINGIFY, 2555, Wi 121-127]
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v >, 1 1 0 -
Al0e19 2.8.4 1 A = [0 1 1] WMANBNTIUYBI A
. 10 110
35911 Wewn ATA = |1 1] [(1) i 2] =11 2 1
0 1 0 1 1
i
1-12 1 0
det(ATA-A3)=| 1 2-2 1 |=01-2)*’QC-H-20-2)
0 1 1-2

ilnlaaunisdnvazanzres ATAfe (1 -D((1-DQ2-D-2)=1-1DA-3)1=0

Jladednvuzianizees ATA Ao 1 =3,1,0 ws1zaziu ALongI1uved A Ao o =+3,1,0

AUAIAU u

i A Juamindawin m x n MsuenAang1uuas A (singular value decomposition of

aaa = a

A, sVD) de nmsdeu A Junagalugluuy A = UZVT Taeil U 436 m x m uag V 8588 n x n 1y

WVNATRRINUING (UTU = I, waz VTV = I,) wag T {0uan3ndgda m x n lugduuuy

D
z=[; -]
0o -
F9 D \Huawisndnussulia r x r e r iudwuduuinileliiy m uway n faudnnuesunndo

w99 D LiwirAu 0 wagsuvusdu 9 Tu £ Sandu 0 Funman r = rank 4 s1g31 U wag V 0um

Inliiongiu)

auuAisninisuenaenguvesuiang A 10u
A=UzyT
Alein AT = VETUT way
ATA = (VETUT)(USVT) = VETZVT
w3z UTU =1,

waztuning ATA Wuunsndauuasia n X n a3y wmnunsng V leainnisudasunsng ATA4 10y

'
= v Y 1

VUeIIBIRIRN Jmdnves V aslunninesanvasiansiiauioiuamdnuazianizeng 9 ves ATA 9

Seadduanunlunites (Naweidnvaziansiaudeiuadnuuzianie 0 azagluussmuannig
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yilogavenuning V) wae D asiluuvdndffiaundnnuesyuainyuuudreludsuaisviidunien

1 A & A a o o 4 1 v o ¢
F1uee q Aduuinves A ISesaduanunivdes wagy U leannanudunus
AV = (UZVT)V = Uz

Wi VIV =1,

INZRElY ISIENTaMINSHENATLENg INYBLLYENG A TAle 9 Taaueainnisudandunueyudas

Y

a1nves ATA Faduavdndanues wazasliunguijunlaned

s A

ngwiun 2.8.5 [5] dwsuiuning A N85 m x n wazilusedindu r eduming 48 m xnly

SUkUU
Y

D

z=[g -]

0o -
F9 D W Juumindnuesyudf r x r Adaundnvuesguainyuvudieludiyuansvinduaiengiu
01 = 0y = - = 0, > 0 U89 A wavauuisdu q lwaming 2 dandu 0 uasdiumsndi@eisaindsni
U G5 m X m uaglun3nddenaannusn® V 86 n x n evili 4 = uzVT 830U vdnvesunsng V
wfunnmesanvuzianzfautdeiuamdnuauzianizate q 303 ATA NSesdsuanunnlumies uay

Wnsng U inlaannanuduius AV = UZ

v <, a & = =
‘Vi&l"lﬂm&‘! 11/1 A WULUNINGYUIN m X n LINTIUYNLDNFIUVD Al

o 0 - 0
— — — O o b O - - -
U=l U, - Unplmxm D = . :2 : we V =[v; 7, Unlnxn
0 0 e O—T

Wer =rank4A <min{m,n}uwaz oy >0, >-=>0, >0

89N r < m uar AV = UL vhlisll A% = gji; dwmisunn j € {1, 2, ..., 7} 34la

— 1 - o o .
U = J—Avj dgwsunn j € {1,2,..,7}
j
wms1e1 ATA = (UZVD)T(UzVT) = UETSUT fadundnves U aztunnnesanvaugianizfaudey

[y 1Y

UANANBElaNIZA 9 909 ATA NN 1 < M SRIINGDS Upyy, oo, Uy HIINNITIIFIUNEN

Besa1nUsnfidmsu Nul AAT Fepennmesdnvauziansiiauteiuananis 0 wazlaenguun 2.8.5

Fruvaniiazdiuruandnviniu

nullity AAT = m —rank AAT =m —rankATA=m—rankA=m—r



1 0
8819 2.8.6 JININITUENANDNFIUVDLUNING A = |2 —1]
0 1
1 0
s o a1 20 Slors -2
WM NN A A = [O _1 1] [g 11] = [_2 2 ]

Aty

deta™a-a) =>4 TP |=G-D@-D-4=2-71+6
Mmaunsanwazanzwes ATAfe A2 —71+6=01—-1)A1—-6)=0
wazlamanuwuzlanzues ATARe A = 6,1

WIZaiU ANV A Ais o = V6, 1

= 1 \/g 0
lgnguiiun 285 Wi Z=[o 1
0 O

[

poll 1919grunsng V lngnsmnnmesansazianiztes ATA fauduiulsazaanzasi
A = 6 dflumsuniangy ATA — 61, Widiguuuudutulaanguladu
_1 _2 1 2 = v @ a 1Y
ATA—6l, = [ 2 4] ~ [0 O] PIAUUYNUITEUUUEAU x4 + 2x, =0

o v, g X1 —2x -2
AL 2, = —2x, INS1ER8TU X = [ ] = [ 2] =X, [ ]
X2 Xo 1

feifu Nul (ATA — 61,) = Span {[_12]} wardlgnuvdndeianuanigiumiady {\/ig [_12]}

A = 1aufiunsumangy ATA — I, ifisuuuututulaanguladu

T _ _ 4 -2 - -2 11 = v oY So X _
A"A—6Il, = [_2 1 ] [ 0 O] PIANUYNUTEUURIUEAU —2x; + x5, =0

° v AN xl xl 1
AL X, = 22, NS EaEUY X = xz] = [le] =x [2]

fatfu Nul (A4 - I,) = Span {[1]

Jagllain v = i[

P

1 2

13



. -2 1
LWi’]u’J’]AV——S 5 0

muuul \/_[ ]LLauuz— []

1518 Uz lﬂmamsmgwwé’ﬂL%qéfqmﬂﬂiﬂamaq Nul (447)

1+2X3=0

Wwis1en ATA =
xZ - X3 = 0

—1] [ ] AulBAUTTUULRNLEY

AL 2, = —2x3 UAE X, = X3

i[5

v v : _2
9y Nul (AAT) = Span {[ 1 ]} wazdigunan@ensainusnAgiuniiau {\/ig[ 1 ]}
1 1
_ —2/N30 1/4/5 —-2/\6
WIzasiu Uy = %[ 1 ] war U=[-5/4/30 0 1/V6
1 1/¥30 2/4/5 1/V/6

o 4 v a s A
WWIMLi’]VL@ﬂﬂiLL‘EJﬂL@ﬂ;ﬁ;m“ﬂ@ﬂm‘l/liﬂsﬁ A Ao

—2/V30 15 -2/V6|1vg o1r T
| 1v30 25 e Lo ol /
—2/V30 1/V5 -2/V6|1vg o1r
=[-5///30 0 1/V6 || o 1[129/5 ;/ﬁl
| 1/¥30 2/V5 1/V6 [0 O / /
—2//30 1/v5
=v6|-5/v30|[-2/v/5 1/45]+| 0 |[[-1/¥5 2/V5]
1/V30 2/\5

2.9 NSHENeaUNASY

14

AlUNASY (spectrum) VOUUNING A RUIBDI WAVDIASNWULLANIZTINUATDY A LNUAIY

o(A)
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NOBAUN 2.9.1 [5] NuuNBsaUnaSud S UIVSNGauULNT
wysndanuins A Sauifnwaluil

1. AANBAZNIZNAI0Y A WUdIUIND3

[ =

2. 9RU89US NS NWALLRNETIFUUEAUAIANwULLANIE 1 TALYIIAUIIUNIUNNSTINUVBISIN A

Y

Tuaunsanwuzany

[
[y Y

3. Uspllamzansl3niinsanieduAdnuvagianisisinaiuagaiainiy

4. A annsoutvasduuvsndvuesuidwannts

v [~ a 4 aa [ :j [ a 4 a 3 Y o va
W A Juamsndauunsif n X n dedu 4 anansaudasduamindnuesyudanaanld vinlvd
WNSNETRIRINUSNA P 9%l A = PDPT Tnefiianuaauy3ng P Asnnsasanuyueanienilanuie

Uy, Uy, .., Uy Naudsiuednwazaniy Ay, Ay, .., A, @19) Faduaunnuesuvesuvsndvieyy

D ag

A0 . o[l
=T
AZPDPT:[ﬁ1 172 an] O /:12 0 u'z
0 0 - Adlul

uf

= [/11u1 /12‘“,2 Anun] :2

n

uhe waunsalisu A lalugy
A= /’1.117117{ + /1217217% + -+ An‘l—)lnﬁz;

S9N ASUWENTeEIUNASY (spectral decomposition) TaaunIng A lagusaznaulunisueniiag

v v a 3

£ o 1w = [y a 1 a = o 3 [ 1 — oT
YUNUAIANBULLANIZAIDAUNATULAZIUNINYIAIENA n X n Fsuussadu 1 (@wnein Col (U;u; ) =

Span {u;} dwiunn i = 1,2,...,n)
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f28814 2.9.2 LNSNYANNINT A T4

a=[7 2= lZ/\/— —1/\/—ls o”zN‘ 1/\/51
1/V5 2/\/_ 1/V5 2/V5

Answen@eanasudu

A=8 [Z/Wl[z/v— 1/\/‘]+3[ Y l [-1/v5 2/5]

14/5 2/5 1/5 —2/5
_8[2/5 1/5 3[ 2/5  4/5

2.10 AUAAINLARDU
S = . a | ! | Aduyyew 1A v a Y]
AMUAANIALAZDY (error) #138 static error A NARIITERINANTIALANUAINLIASY Taevluans

= s & & Yy 1 aw v Y a ! v O A o A v
LuULUDTLEUR (%) ﬂqﬂqﬂﬁﬂlmﬂaLﬂﬁlﬂﬂUﬂqﬁ]i\ﬁﬂﬂ LLa@QUWﬂqijﬂuumﬂ')’]@JLL@Ju&J’]Wi@ﬂ'J']@JQﬂG‘IQQ

(accuracy) g4

A1ANARIALARRUENYSTA! (absolute error) fie AUTINAUAILLANGANTENINANRTTUATLG

1ANITIN ﬂ?ll’ﬁﬂﬂ'ﬂg]l’i]’mﬂllﬂqi

Absolute error = |X,eqsure — Xt

ANAUAANALAADUEUNNS (relative error) @115 bHANALNTT

Xmeasure — Xt
Xt

Relative error = |

% error = Relative error X 100

el x, Ao A1939 (True value)

Xmeasure A ANMLAINNTIA (Measure value)



17

unil 3

A5n1sAiulAsIu

¥
ada o a e =

TWandlunuauaidasyilsuauanmsfinynann1sn1sin DMD antudsitnsauauteyaats
Foundanuraulaumaivledddnauaifsng q Weddeyatuuinisiuiedie3s DMD w1
lUsunsu MATLAB

3.1 Dynamic Mode Decomposition (DMD)

aun1sWseunuslugy

d oo oo
ZEO = FEO,0

5%

dlo % Junnwes waz £ luilsidunneesnuediv % waz ¢t laed £ o1aduilaiduliddadu

Nenlunsmaneu

dledeensfinengRnssuves X(t) sfnwainsyuvaunsivinbidudedulugy

dx A )
—— X

dt

Tnefiemaures (1) Ao x(ty + t) = eAtx(t,)

%ﬂﬁﬂmauﬁ%@wqaﬂsmﬁmﬂmé’ﬂwmuaww (eigenvalue) uaghnwasanwuzlang (eigenvector)

NINFUNTEUVAUNSID AU

dx = AX X € R" 2
dt = Ax X ( )
v > _ 2 At -2 I Y
W x = ¢.e” (/L., ¢’i) WuaanuazanIzYe A

n -

g, - — dx
A o 2 At a 1y la v -
syuvaunsiimeeude x(t) = b;pe” Mnszuvaunsseyiushidady — = f(x t)
dt
j=0

-
¥ ¥/ dx - YV 4 1
ransaaTNTTIvaNNISWudY — = Ax lnenslideyalaegndls
dt



a PR > a Y [N > a i 5 a
aunfsansainaves X Mnan tla 9 16 W2 = X(t;) fie Aves X 1 an ¢
asisndlagldrinla
X=1[x %X - Zm-]

X' =[% X - Znl
Indunanisideuvestoyalundniaennaosivvesumning X uas X’

X1 = Xy

Xy = X3

fm—l - J_C)m
Joyatu X andudeyadideriuivdeya X wivzvhnisdeulunilstuave Taudloyadin m

-
dx R

IS1LASNTEUVANNSTUEY — = Ax
dt

! -

Fefosnam A flavds 2 9nanusnialuBnaniuenia
X' =AX
Fofn1sannTdwing q Fuy = A%, 9218
A = argmin||X’ — AX||p = X'X1
A
Toeit ||| #e nsdideauetu
XT fio gla-duiesa

Sun A = X'X1 11 “exact DMD”

AR ¥ € R™ wag X A wvsnduunn n X m laeiild m < n

A Fsfidnenguilididugudegiaunn m A1 dau rank(4) <m
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Algorithm Tun1su A

Junaudii 1 w1 singular value decomposition (SVD) ¥89 X
X =U0Lr"
e T eC™, SeC™, Ve, r<m«n

wanued U 138031 POD mode way U*U =1

wanves V asaniu uag V7 =1
log A* unupunANTUalnaves A

wazlunufuRudnisden r iuunzaududiudfgvos DMD

Funauil 2 01deInslY r = m @amnsam A lalaenis pseudo-inverse U183 X
A=XVE1U"
uataulane r AanwLlang Ay, Ay, ..., A, 281y
A=UAU = U X'VE 1
A 6 ~ ao W Ao ¢ 1w ~ ] a ¢ v v
WnIng A mwmumaﬂwmzmmg‘mlmwu@uswnﬂusum A (4 way A Juunsngnaig) wagly

X1 = A% WUNTUTEN Xppq = X(tryq) Tuniandalula

Yumaui 3 Wnsuenideanasuuen 4 Tugy
AW = WA

1ne9 gnBnlunuINueses A LfJUﬂI']éJﬂUEuSﬁLQW']S‘UEN DMD

nanved W iunnmasdnvuzianizyay A



Yumaui 4 Whnwesanvuzianizves A Meglu W asraunsng ¢

o =XTVEw (WA n X r)

S0 & 71 DMD mode

NANTUN

AD = (XVELTHX'VELW)
A
= X'VE-1AwW
= X'VETWA
= ®A

Wa@M431 DMD mode (unnimasanvazianizya A

Iﬁ b = CDTxl
b 5vn31 mode amplitude

W X, = db

551 = AWb
_)1 = WAb
b= (WA)1%

o @ Jvuwwmn xr
W f9uin r X n

A Juar Xr

20



M X

Q_C)k = Z 51/1]]{_le == q)Ak—lg
j=1

e ¢, fio nAwesaNELaN1zu8d A (DMD modes)

Aj fig Andnwauglanzves A (DMD eigenvalues)

b; Ao mode amplitude

A fAe wWvisndfaunBnlunuinueswes WuAdnwugenizuas DMD

21
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3.2 Asziinl8lusunsy MATLAB

dayayail 1 oya COVID-19 Tuuszwmelng inudoyadusieiu Awaiun 1 wwieu w.e. 2563 Ha3uil

Y 9

30 fugngu WA, 2564 3117 549 Teya lneldvoyaraeiui 1 wwiey w.e. 2563 Aeiud 14 nsngieu
w.A. 2564 Tun1snn A @9vinsvinunesaludn 15 Tu Aoduil 15 nsngiau w.a. 2564 43iui 29

NINGYIAN N.A. 2564
X Ao wmsngduaugUae COVID-19
Tnofl x; unudrunugiae COVID-19 Yufl 1

X, WnuuIugUle COVID-19 Sudi 2

x; wnuduaugUag COVID-19 Tui i

Xy Xz Xk X2 X3 Xk

v X2 X3t Xkt X3 Xg 0 Xg42
wlox=[." "7 . c |war X' = S

Xt X417 Xg+l-1 Xi+1 X427 Xk+l

MuuA K A9 I1UIUASNU0%UnIng
L A9 911UDIVDNUNIND

7 A9 LSIAVBIUNSNT I UTURBUNNSYIN SVD

msuSuAmiwes K, L uay riivelilansmluasdeayanisiwenvangay lagiSeuiiigy

PNNFMALEFIAIUAaIRAGRUINTgn tnefvuali K = 470, L = 25 uag r = 20

X1 Xzt Xa70 Xz X3 v g7

Xy X3zt Xa7q X3 Xg4 0 Xa7y2

wlp X = way X' =

X25 X2 vt Xgo4 X26 X27 °° Xaos



Hadn5a1nN1slY DMD Tunisviunedruaugthe COVID-19 Tuusswmelne ledad

[

Xx %’ayjafa DMD error
X405 1,842 2,510.8 668.8122
X406 1,955 2,085.3 130.3192
X497 2,335 2,210.1 124.9483
X498 2,316 2,123.9 192.1397
X499 2,455 2,158.4 296.6253
X500 2,140 1,962.7 177.3176
X501 1,773 1,822.7 49.6543
X502 1,663 1,733.1 70.0967
X503 1,508 1,935.2 427.1931
X504 2,461 1,929.4 531.5734
X505 2,143 2,030.2 112.7518
X506 2,110 2,102.3 7.6543
X507 1,902 2,173.5 271.4637
X508 1,968 2,342.7 374.7383
X509 1,531 1,893.9 362.9281
ARABANUARIALARBLIINNSYITNY 253.2144

ﬁ%a?isﬁé’fagaﬁq 2,006.8

Weddudanadennunanindou 12.6178%

23
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R HELEN

2600 - ' = Joyadnn1slyd DMD

2400

vwdlng (Aw)
N
[N}
o
S
T

2000

- 1800 r

Fruugvae COVID-19 Tus

1600

1400 ' 3

nan (Ju)

Y a

n3muanstoyadiuIugUie COVID-19 luusewelng (Fudua) Wisumeuiudayaannisly
DMD Tunisviue (Fudindu) Tuthedudl 2 8 8 deyatiuazdoyaanmavhuediianafoadiy
Tutheiud 8 fa 11 Joyasdauazdoyaanmsviuneiiianssiudufiuasdamiuunnseiuvesdoya iy
ogaun Tutuil 12 deyasswazdeyannmsviunedealndidsadumn fainnuaainndeuiie
7.6543 uarlutreudl 13 Huduly nswia 2 Suwaldululufiemadonsu Tasnswidaniadoaw

AANALAADU WNAU 253.2144 wazilivasidudaadsninuaainadsu wndu 12.6178% @9n15vinunedl

a

Ldwangagiluviuedruaugdae COVID-19 Tudsswmelny faudiazdarnnuaainiadoulauin u

wwilduvasnsnanmsinnedlimileutunsmdeyadss
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dayayad 2 Toya PM 2.5 ludwindedml iudoyaidusieiu Awatui 1 unsiau we. 2564 feiud
30 LwgU W.A. 2564 39U 120 Yoy lagldUayatiaiud 1 unsiau wa. 2564 fedun 11 dunay

WA 2564 Tun1svn A F9vn1svinunesaludn 15 Yu AaTui 12 fuiay w.A. 2564 97U 26 dunay

W.A. 2564
X @ wnsngUsuns PM 2.5
Tnedi x; wnudSuna PM 2.5 uii 1

X, WUUTLIU PM 2.5 Sudi 2

x; WNUUSUI PM 2.5 U7 i

Xy Xz Xk X2 X3t Xk

v X2 X3t Xkt X3 Xg o Xg42
wlex=[." "7 . c | wae X' = Do

Xt X417t Xg+l-1 Xi+1 X142 7 X+l

AMuun K A9 31UUnanU0uunsng
L A9 310UV UUNSNG

7 A9 LSIAVBIUNSNT I UTURBUNNSYIN SVD

mMsuSuAmsiwes K, L uay riivelilansmluasdeyanisiwenmangay lngiuSeuiiiey

PnnslirIauRaIaedeunaan tnefivuali K = 70, L = 30 uag r = 30

X1 Xzt X7 X2 X3 X7
v X2 Xz vt X7q X3 Xq4 o X72
wla X =", S T e X = . :

X309 X31 " Xgg X31 X332 X100



wadwsannsly DMD Tumsvineusuna: PM 2.5 ludenimdedlul 1w
Xx %’ayjafa DMD error

X100 20 31.4415 11.4415
X101 12 35.0356 23.0356
X102 16 36.5289 20.5289
X103 18 24.0778 6.0778
X104 22 26.7078 4.7078
X105 24 30.6009 6.6009
X106 31 53.5198 22,5198
X107 17 63.2984 46.2984
X108 5 60.0327 55.0327
X100 14 35.0769 21.0769
X110 22 8.0450 13.9550
X111 32 13.1437 18.8563
X112 a1 16.4908 24.5092
X113 51 31.2906 19.7094
X114 53 31.0910 21.9090
ARABANUARIALARBLIINNSYITNY 21.0840

ﬁ%a?isﬁé’fagaﬁq 25.2000

Weddudanadeninunanindou 83.6667%

26
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70 : : VOHAIN

= Joya91nn15ly DMD

T

60

50

U311l PM 2.5 (ug./m)

nan (Ju)

nsluansdoya PM 2.5 (Fudun) wWisuifeuiudoyaainnisld DMD Tunisviiune (Fudd
Gu) Tuthedudl 1 fe 4 deyastauazdoyannmeinesiiansaunistu desnluraeiud 5 uduly
nsivia 2 fuulduldlufianafentu widnsanmsihuiswesdeyatisiinuuandistueg Tng
nsmifdedsaunaiandou iy 21.0840 Anduesifudanadsmunaiandou iy
83.6667% Bensviuneilimngdaginluviuned PM 2.5 iflesandrdeyasiuardoyaainnisyiiue

@ | va a A = v v & a = v
FINNU ﬁ\‘iﬂ\laﬁlﬂllﬁ']Laaﬂﬁquﬁaqﬂlﬁa@u@w iNLLlILLUQIUNSUENﬂiqwmﬂaaﬂﬁlglﬂﬂLUWﬁﬂqﬁL@‘EJ']ﬂUﬂﬁnll
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Fayayadl 3 Toyauszynsludwindedml iudeyaluseiiou Ausdifouunsiau w.e. 2545 9
WausuAY WA 2561 311U 204 Yeua lneldUoyaritaounnsing w.a. 2545 HusoungwIAL w.e.
2549 Tun1sm A Fainmsviunesioludn 15 Wheu Aelfoudiquisy w.e. 2549 fufoudaniay ..

2550
X Ao wnsngdnwinlseansiudandinige sl
el x; WnudnwIulssrnslusadinlesud Jun 1

X, Wnuduuszansludwindesla Tui 2

° [ U A o oA,
X LW]U?]’]U')UUigsiﬂﬂ{Lu‘ﬂQM?ﬂLGUENIV?N AUN L

Xy Xz Xk X2 X3t Xk

v X2 X3t Xkt X3 Xg o Xg42
wlex=[." "7 . c | wae X' = Do

Xt X417t Xg+l-1 Xi+1 X142 7 X+l

AMuun K A9 31UUnanU0uunsng
L A9 310UV UUNSNG

7 A9 LSIAVBIUNSNT I UTURBUNNSYIN SVD

MsUSuAwes K, L uay riivelilansmluasdeyanisiwenmangay lagiSeuiiigy

' '
a

PnNsliFIAURaIRSeUNIan taefvuali K = 53, L = 30 uag r = 2

X1 Xz vt Xs3 Xz X3t Xog

X3 Xg4 v Xs5
wag X' = | . S X

v Xp X3 vt Xgg

X309 X31 0 Xg2 X31 X332 ° Xg3



wadnsannsly DMD Tumsviunesauussnnsludmiadednl Idsid
X %’ayjaa‘%a DMD error
Xg3 1,669,795 1,617,730 52,065
Xg4 1,670,317 1,614,726 55,591
Xgs 1,625,658 1,620,822 4,836
Xge 1,629,193 1,632,328 3,135
Xg7 1,628,597 1,634,933 6,336
Xgg 1,628,853 1,636,081 7,228
Xgo 1,629,895 1,636,900 7,005
X90 1,631,057 1,637,690 6,633
Xgq 1,630,328 1,637,728 7,400
X979 1,630,522 1,637,802 7,280
Xg3 1,631,256 1,637,929 6,673
Xg4 1,631,826 1,638,603 6,777
Xgs 1,632,490 1,639,742 7,252
X96 1,632,548 1,640,833 8,285
Xg7 1,633,459 1,641,942 8,483
ARABANUARIALARBLIINNSYITNY 12,999
ﬁ%a?isﬁé’fagaﬁq 1,662,707
Weddudanadennunanindou 0.7818%

29
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168 %108 - Joyaise

= Joya?nn1slyd DMD

—

(o))

]
T

—

D

D
T

plvd (Aw)

o

FinL

—

(2}

(&)
T

R

Fruulssanslu

—

(o))

w
T

nan (Wew)

nymluansteyadnuulszansludmindeddnl (dudun) wWisuieuiuteyaannnisld DMD
Tun1sviung (dududy) Tugiedui 1 89 3 JeyadsauaztayadnnsviuedfianisaIuneiy wayl
Armaiunnn wasAsuaiun 3 0usuly nsmivis 2 Suwldulvlufiemadfeniy wasdeyassaiudoys

o a v o Y S a o v = s 2 &1 =
hwellalnaifeeiu lnensnildanaisnnueainadou windu 12,999 uarilivesidudaadeainy
AAIALARDU WU 0.7818% lagnsviuietmangnaziluviwne Puiudsensiudmiadesing
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TUswnsy MATLAB @915unnsvin DMD

1

2 [-] function [Phi, Lambda, b] = DMD(X,Xprime,r)
3j|= [U,Sigma,V] = svd(X,'econ'); % Step 1

4 - Ur = U(:,1:x);

5|= Sigmar = Sigma(l:r,1l:r);

&= Vr = V(:,1:r);

7

8 — Atilde = Ur'*Xprime*Vr/Sigmar; % Step 2
9

10 — [W,Lambda] = eig(Atilde); % Step 3

11

12 — Phi = Xprime* (Vr/Sigmar)*W; % Step 4

13 — alphal = Sigmar*vr(l,:)"';

14 - “b = (W*Lambda)\alphal;

15

DMD lunmsviunedeyaadl 1 doya COVID-19 Tudszmelnesimlusunsu MATLAB

Y

—2
¢

1

2 — load('cvlS9.mat') % new cases (daily) 4/1/2021 - 10/1/2022
3 % https://covidl9.who.int/data

4 - data= cvl19;

S

6 % create matrix

7= T = 549; %number of data

8 — K = 470; % number of segments (number of columns)
9 — L = 25; % length of matrix ( number of rows )
10 — r = 20; % rank of matrix SVD

L1l = max_predict = 15;

12

13

14 — matx0=[1;

15— [Jfor i = 1:L

16 — matxX0 = [matxX0; data(i:K+i-1)'];

17 — end

18

19 — Xprime =[];

20— [for i = 2:L+1

21 — Xprime = [Xprime; data(i:K+i-1)"'];

22| end

%)
w



24
25 - [Jfor jl = 1: max predict

26 % number of data used k+L-1

27 - [Phi, Lambda, b] = DMD(matX0,Xprime,r);
28 % last row of x predict day K+L

29 — x=Phi*Lambda *b ;

30 — xplot(jl) = real(x(L)):

2l

32

38i|= matxX0= Xprime;

34 - | Xprime(:,K+l )=[ Xprime(2:L,K );x(L)];
35 — Xprime (:,1)=[]1;

36

37 - “end

38

39

40 — tl = [1: max predict]';

41 — plot(tl, xplot ,'blue');

42 — hold on

43 % K+L to max_predict-1

44 — plot(tl, real (data (K+L : K+L+max_predict—1 )) ,'red'):;
45

46 — error_predict = abs(xplot'- data(K+L : K+L+max predict-1 ));
47 — sum_error = sum(error_predict):

48 — mean error = mean(error_predict);

49

i DMD Tumsviunedeyaznit 2 feya PM 2.5 Tudmindedlmiinulsunsy MATLAB

U

—9
=4

1

2] = load('pm2 5.mat')

3

4 - data= pm2_5;

5

6 % create matrix

7= T = 610; %number of data

8 — K = 200 ; % number of segments (number of columns)
9 — L = 10 ; % length of matrix ( number of rows )
10 — r =2 ; % rank of matrix SVD

11 - max predict = 15;

12

13

14 — matX0=[1]1;

15 — for i = 1:L

16 — T matX0 = [matX0; data(i:K+i-1)'];
17 — end

18

19 — Xprime =[];

20 — for i = 2:L+1

2l |= T Xprime = [Xprime; data(i:K+i-1)'];
22) = end

[\V)
w



24
25 - [for jl = 1: max predict

26 % number of data used k+L-1

27 — [Phi, Lambda, b] = DMD(matX0,Xprime,r);
28 % last row of x predict day K+L

29 — x=Phi*Lambda *b ;

30 - xplot (j1) = real(x(L)):

3l

32

33 — matX0= Xprime;

Y= Xprime (:,K+1 )=[ Xprime(2:L,K );x(L)];

35 - Xprime (:,1)=[];

36

37 - “end

38

39

40 — tl = [1: max predict]';

41 — plot(tl, xplot ,'blue');

42 — hold on

43 % K+L to max predict-1

44 — plot(tl, real(data(K+L : K+L+max predict-1 )) ,'red');
45

46 — error_predict = abs(xplot'- data(K+L : K+L+max predict-1 ));
47 — sum_error = sum(error_predict );

48 — mean_error = mean(error_predict);

49

—9
v

DMD Tunsviunedeyayait 3 Jeyauszunsludmind@ednaiiulusunsy MATLAB

il|= load('people.mat')

2

3= data = people;

4

5 % create matrix

6 — T = 204; %number of data

7= K = 53 ; % number of segments (number of columns)
8 — L = 30 ; % length of matrix ( number of rows )
©)l= r =2 ; % rank of matrix SVD

)= max_predict = 15;

11

12

13|= matX0=[1;

14 — for i = 1:L

15[= T matxX0 = [matX0; data(i:K+i-1)'];
16 — end

17

18 — Xprime =[];

19 — for i = 2:L+1

20 — T Xprime = [Xprime; data(i:K+i-1)"'];
21 — end

%)
%)
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24 — [for jl = 1: max predict

25 % number of data used k+L-1

26 — [Phi, Lambda, b] = DMD(matX0,Xprime,r);
27 % last row of x predict day K+L

28 — x=Phi*Lambda *b ;

29 - xplot (j1) = real(x(L));

30

3l

32 — matX0= Xprime;

= Xprime (:,K+1 )=[ Xprime(2:L,K );x(L)]1;

2V = Xprime(:,1)=[];

S5

36 — “~end

37

38

39 — tl = [1: max predict]';

40 — plot(tl, xplot ,'blue');

41 — hold on

42 % K+L to max predict-1

43 — plot(tl,real(data(K+L : K+L+max predict-1 )) ,'red');
44

45 — error_predict = abs(xplot'- data(K+L : K+L+max predict-1 ));
46| — sum_error = sum(error_ predict );

29 |= mean error = mean(error_predict);

48

37
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DYNAMIC MODE DECOMPOSITION FOR PREDICTION

MISS. PANFON YUENTHAM

ADVISOR: ASST. PROF. DR. DHIRANUCH BUNNAG

DEPARTMENT OF MATHEMATICS, FACULTY OF SCIENCE, CHIANG MAI UNIVERSITY

- ABSTRA \

The objective of this independent study is to investigate the performance of Dynamic mode decomposition (DMD) in terms of prediction. Three sets of sample data are
used in the study. The DMD is unsuccessful in determining the number of COVID-19 patients in Thailand. It was either significantly underestimated or overestimated. For the PM 2.5
data in Chiang Mai, DMD is successful in some intervals and ultimately fails in others. In the final set, the DMD predicted data for Chiang Mai's population accurately reflects the
actual data, with a deviation of just 0.7818%, and the predicted data's trend is in line with the actual data.

J

INTRODUCTTION e RESULTS

|r

Prediction is based on historical data analysis. Current The DMD Algorithm STEP3: Find A by computing the
information and experience can be used to predict the future trend of pseudo-inverse of X
changing situations. Statistical data is used in statistical prediction. which STEPL: Create matrix X, X’ A= X'TELT
is data from many years ago, is a tool There are numerous statistical X=[% % - Zn.] o
prediction methods, such as the moving average method. Exponential Y=, & - %] A=UAU=U'XVE?
approach Jenkins Boxing Techniques Methods for simple linear regression z e "
models, etc. The researcher is interested in studying Dynamic mode X' =AX S1EPa; The spectral decomposition

f A ted
decomposition (DMD), a method that has never been studied. This of Als compute

_ : r_ — ¥yt ~
independent research study will investigate the principles and A= arg:n|n||X AXlle = XX AW =WA
applications of MATLAB. The results will then be analyzed, debated, and

PP i’ STEP2: Compute SVD of X STEPS: Create matrix

criticized in order to improve and achieve good results. the majority
Then decide whether or not this prediction is suitable for further X =Usp* & =XVEw
prediction. which indicates suitability based on the average error and Where @ is called a DMD modes

7 nxr TXr mxr
trend of the predicted data graph and the actual data graph. where U € €™, ZeC, VEC™T, r<m«n
J

7

.
Te= ) @A 1h = oA 1D
J=1

|

where 3} is the eigenvector of A. (DMD modes)

1. To study DMD concepts 4 is the eigenvalue of A. (DMD eigenvalues)
b, is mode amplitude.

2. To study the use of DMD for prediction using MATLAB.

o . 7
3. To examine, debate, and evaluate the outcomes of employing DMD for A is a matrix in which the diagonal members of It is the eigenvalue of DMD.
prediction. )

Analyzed with MATLAB

00 . n

! r

From studying the principles of DMD for prediction using three -
sets of sample data in MATLAB: The first set of data consists of 549 & am
records on Thai patients with COVID-19. 253.2144 is the average error, or E B
12.6178%. Further forecasting is not appropriate for this prediction. Even N |
though the tolerance is not very high, the two graphs' trends are not ’
identical. The second set of data is PM 2.5 data from Chiang Mai, which o D 0 [ + i pis =
totals 120 records and has a mean error of 21.0840 or 83.6667%,

o2

indicating that this prediction is not suitable for further prediction. ?;“; Sdealil;l/:bca(zi\g?rzl'l?h:ial;\sf)lh;eailiis pro[i?r:z:veéazt-hepthlﬁ:tz ;nncah:ja:ifywéaalﬁ&
Because of the high mean error. And the third set of data is population predictions is not appropriate. Making predictions is not appropriate.
data from Chiang Mai Province, which totals 204 records and has a mean

error of 12,999 or 0.7818%. This prediction is appropriate for prediction. o

Because the graph's trend, as well as the values of the actual and 2=

predicted data, all point in the same direction. All three sets of data

were able to predict 15 data points accurately, and they also investigated g

the factors that influence prediction, such as the amount of data and the E . “‘

number of digits in the matrix. The number of rows in the matrix and rank g - \ - ]
in the SVD process. B

7
\.

marnth

Data set 3: Chiang Mai province population data. Gather
data on a monthly basis. Making predictions is appropriate.

Long-term predictions may result in an increase in error. As a \ J
result, the study should contain information on the variables that REFERENCES

influenced the sample data. Possibly lead to better prediction values. [1] steven L. Brunton, J. Nathan Kutz, Machine Learning Dynamical Systems and Control, Data-driven science
Additionally, the real data and predicted graphs won't move in the same and engineering, 2019, 229-241

direction if the data is not continuous or if the highs and lows are too 12] vasiud Hun, fvadadady 1, medvadaniasiuagineinsaeuiunes ansinenmians yuiainanl

much higher than usual. uningndy, 2555

/131 wvunadsdayamainintg BRU, wnind ddnvasans wezinmeidnvusiants, 910 hitps://dspace bruac.th




