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TL elval €va Avvouilké 200Tnua;

Eva duvauikd cbotnua neptypdeet tnv €EEAEN TNG
KaTdoTaong €vOG QUOLKOD QALVOEVOU.

Xir1 = (X, U, Wie), Ve = 9(Xk, Vi)

@ X EOWTEPLKN KaTdoTaon
@ uy: eloodog/EAeyx0G

@ yi: HeTpolLuEVN €E060C

@ Wy, Vi: B6puBog/dlatapayég

TooTnua —=
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MepLoplopol AUVOULKWY ZUOTNUATWY

Ta mpaypaTkd cuotpata epeaviCouy:
@ Mn ypappikoTnTa: () GLYXVA MOAOTIAOKN
@ Kopeopoi evepyomoinTtwy
o KaBuoTtepRoeLg alodnTrpwv/UTIOAOYLGOD
@0 ABefaldéTnTa MAPAPETPWY
@ O6puLRO HETPNOEWVY
o EEwTeplKEéG SLatapayég

B6puvBoc
{u Z00TNUa y
aBeBatdTnTa L
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EQapuoyEC ALVAULKWY ZUOTNUATWY

@ AgpovavTikn: drones, quadrotors, UAV

@ PopmoTikA: Bpaxioveg, KwvnTtd poundT

@ AvTokivntofiopnyxavia: cruise control, autonomous
driving

o Evépysela: Bepuikd ovotApaTa, dlayelplton gpoptiov

@ BloAoyia: population dynamics

I Biology
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TL elvat Avayvwplon AUVOULKWY ZUOTNUATWY;

2tOx0G: and dedouéva eLaddov-eE660L va Bpolue Eva
HOVTEAO.

X1 = F(Xk, Ug; 0)

N
o = argmin Y~ (vk - yx(6))*
k=1
Anotteltal:
@ [ oxedlaaon eAéyyouv (MPC, LQR)
@ [ mpooopoiwon/mpdBAewn
@ [N duayvwon BAaBWv
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2nuaoia TnG Avayvwplong

XwpPic owoTo HOVTEAO - HEV LTIAPYXEL AELOTILOTOG
éAeyxo0G.
@ To MPC amnottel mpoBAEYLUN €EEALEN TOV CLUOTANATOC
@ Ta 6edopéva atobntripwy £xovv B6puvBo (PiATpo Kalman)
@ OLmapdpeTpol aAA&Couv ue Tov Xpdvo (aging)
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Alotomiwon MpoBARuATOC

?

1

JO) =" (v - yx(9))°

1

TT

0* = arg meinj(e)

@ Least Squares (LS)

@ Gradient Descent (GD)
@ Gauss-Newton

@ Levenberg-Marquardt
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FpoppLkd we poc Mapapétpouvs MovtéAo

V=0
MNopddertypa:
Xki1 = aXg + U
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Mapddetypa

Xk41 = 0.92xg + 0.15uy + vk

Linear Identification Signal
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Mapddetypa

XI(+1 = 0.92Xk + 0.15Uk + Ng
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FPOPULKS VS MN-YPOUPLKO WG P0G

NopauETPOLS
FpaupLKo Mn rp(X|J.|J.I.KO
y=¢'60 = f(u,0)
LS epapudleTal xpaaCatat KAlon

To HovTéAo:

y:f(u79)

6ev ypageTal wg ¢' 4.
MopdBeLtypa: wyyi = wi + dt(awy + buf)
H nmapduetpog ¢ pnaivel wg ekBETNG = N YPOUMMULKO WG TIPOG
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Mn-IFpaUPLKO WG MPOG MNapaPETPOUVS

Nopddelyua

Drone pitch model:

Wky1 = wk + dt(awg + bU/S)
0 =la,b,c]

€k = Wky1 — Wk41(0)

J=> et

Agv vndpxel kKAslotr} Abon — iterative optimization. m
QN
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Gradient Descent

i1 = 0; — aVJ(9))

oe
v=2%" ekaT)k
MAgoveKkTAMATA:
@ KaBoAlknA epapuoyn
MeloveKTAMOTA:

@ Apyrj oOYKALON
@ EvaioBnoia oto BAua «
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Mapdywyol yLa un-ypPoUpLKE

MAPAUETPOTOLNUEVO HOVTEAO

oe
Ta ~ ~dtwx
oey
b~ 9tk
oe
8Ck —dtbu In(ug)
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b1 =0i — Uglo) g €
MAgovekTAMATA:
@ [MoAD ypryopn oOYKALON
@ 16aVIKO yLo UN-YPAUMLIKAE LOVTEA
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20yKplon Z0YKALoNG

Cost

Gradient Descent

uss-Newton

lterations
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Mapddetypa: Pitch Dynamics

wiy1 = wk + 0.02(—0.45wy + 0.25u2.8) e

08 Nonlinear Drone Model Output
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Mapdadetypa: Gradient Descent

[@,b,c] = [~0.1160, 0.0871, 0.5026]

Nonlinear Identification - Gradient Descent
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Napddetypa: Gauss-Newton

[@,b,c] = [~0.4229,0.1831, 0.6585]

Nonlinear ldentification - Gauss-Newton
0.0388 T T T T T T T
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Ta BApata tTng AvayvwpLong

© uAloyr dedouévwy

© EmAoyr 6o0uAg HovTéAoL

© ApxKn ekT{unON MOPAUETPWY
© lterative optimization

© Validation
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Tu elvat o MpoPBAentikéC EAEYX0OC UE MoOVTEAO

(Model Predictive Control - MPC);

To MPC eivat ué8odoc eA€yxouv mou eMADEL Eva TIPOBANU
BeATioTOMO(NONG OE MPAYHATLKO XPOVO.

T T
min ( Ox, + U, Ru )
Uo:n—1 Z k K k k
MNeploplopol:
Xk+1 = f(Xk7 Ug), Umin < Uk < Umax
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H Baowkr o€a

© MpoPAénelc HEANOVTIKEG KaTaOTAOELG (prediction)
@ EmAéyelc e{oobo mouv eAaylotomnolel KOOTOC (optimization)
© Egapudlelc pévo to mpwto control input (receding

horizon)
PAST

FUTURE

) A

-

>
»

Reference Trajectory
Predicted Output
Measured Output
Predicted Control Input
—— Past Control Input
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! Prediction Horizon
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Mnoti MPC;

@ XelpiCetal pntd neploplopovs (inputs & states)
@ MpoPBAENTIKOC EAgYYOG - agLomoLlel HOVTEAO
@ Aettovpyel KAl JE YN YPAUMLIKE CLOTAUATA

MPC Z
MEE oo o
w ! e . : U Yy
——— Optimization — System
i |
: 1
|
! Model I
1 1
I
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Frpopptkéd MPC

MNa cdoTnUA:
X1 = AX + Bug
MPC nipéBANua:

mUin (X _Xref)TQ(X — Xref) + UTRU

H Abon eivat Quadratic Programming (QP).
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MNTtpeg MpoBAeYng

lNna prediction horizon N:

X = Axo + BU
oénov:
4 5 o
A=|" |, B=|AB B
Al’V :
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QP Formulation

To npdéBAnua BeATiotomnolnong yivetat:
min UTHU + fTU
u 2

ME TEPLOPLOPONC:
GU<h

O nivakag H slvatl OUPPETPLIKOGC Kol BETIKE OpLOPEVOG.
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Evepyd Z0OvoAa

Ta constraints 06nyolv o€ ocuvBrikeg KKT:

VuL(U,\) =0
GU<h, A>0, AN (GU—-h)=0
AAyoOpLOpuoL:
@ Active-set

@ Interior-point
@ Gradient-based MPC
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MNapddetypa: Drone altitude MPC

Katdotaon:
h
X =
v
‘EAeyyog:
u = thrust

HANEIIETHMIO
TTATPON
T T

T HAektpoAdywy Mixavikav
& Texvohoyiag Ynohoyatiy

XapaAaumnog MmexAtovAng, AvamAn, Avayvwplon & MPC 16 Askepppiov 2025 29/42



MovtéAo Drone

Vg1 = Vi + dtkUk
2€ HOPYPN Xki1 = AXk + Buy.

1 dt 0
A=1o 1]’ B:[kdt]
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Mapddetypa: Trajectory Tracking

2 1té)O0G:
min Z(Xk — Xref) | Q(Xk — Xref) + pUi

@ Npreg = 20
@ Q =diag(1,0.1)
@ p=20.05
Anopai{tnTo: owaotd povtéAo and avayvwplon!
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MATLAB: Solve QP

u_opt = quadprog(H,f,[]1,[],[],[],umin*ones(N,1) ,umax*ones(N,1));

2Tn CLVEYELQ:
Ug = Uopt(l)

Kal epapudletal 0To o0OTNUA.
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MNapddetypa Plot: MPC Tracking

--- Reference
— MPC Output |

2, -
S
< Lp A
0, -
| | | | | | | |

0 1 2 3 4 5 6 7
Time step k ITATPON
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Nonlinear MPC

Ma Pun-ypouuLké cbotnua:

X1 = f(Xg, Ug)

To optimization y{vetal un-ypopuLko:

min > lixi =X + lluklz

ErmAOetal ue SQP r} nonlinear interior point.
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Drone Nonlinear Example

h=v
V:—g+k1U—k2V2
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State & Input Constraints

Umin < Uk < Umax

hmin < hk < hmax

h Umin Umax

T hmax

Feasible Region

() RTPON
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MAgovekTApata MPC

@ BEATLOTN XPriON EvEPYOTOLNTWVY
@ MpPoBAEMTIKA CLUTIEPLPOPE
@ Aettovpyel oe complex cuoTApaTA
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MpoocopoLlaKEC AOKAOELC

To napdv 0T AOKAOEWY aoKel TOV QoLTNTA:
@ OTNV aVaYyVWELON TIAPAPETPWY OLUVAULKWY HOVTEAWY,
@ otn xpnon Gradient Descent kat Gauss-Newton,
@ otn Stopdpewaon kat eniAvon MPC npoBANUATWY,
@ otnv €papuoyry MPC yla mapakoAodOnan TpoxLdg.

TTANEIIZTHMIO
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Aoknon 1: Mpoapupik Avayvwplon

Alvetal obotTnua:
Xiy1 = aXyp + Bug + Wy

Znteital:
@ Noa dnuiovpyrioete dataset pe Tuyxaio ug.
© Na uvnoAoyioeTe a, 3 ye Least Squares.

© Na oxedldoete TNV MPAYUATLKY KAl TNV EKTILWHEVN
€€0bo.
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Aoknon 2: Mn-IFpaputk AvayvwpLon

Mn YPOUMULKO HOVTEAO:
Wyl = wk + dt(@wg + b Ui)

ZnTeital:

@ Na spapudoete Gradient Descent.

© Na epapudoete Gauss-Newton.

© Na ovykp(vETE TIG KAPMOAEG OOYKALONG.
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Acoknon 3: Kataokevn MNpopptkod MPC

Mna:
Xky1 = AXk + Bug
Znteital:
@ Anuwovpyia prediction matrices A, B.
©Q Kataokevr mivaka kéotoug H kat dtavoopaTog f.
© EniAvon QP ue quadprog.
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Aoknon 4: Drone Altitude MPC

AlveTat:
hk+1 = hg + dtvy
Vi1 = Vi + dt(—g + kuy)
Znteitat:
@ YMomnoinon MPC yla mapakoAovOnon TPoxLac.
Q Xxedlaaon h(t), hper(t) ko u(t).
© AvdAvon tng enidpaong tou prediction horizon.
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