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1. Introduction

- Minimize a cost index at each time step
- Handle physical constraints in a systematic way
- Draw much attention in many application areas

- Require proper modelling of target systems
- Require efficient method to solve the minimization

problem

- AC/DC converter, DC/AC inverter, DC/DC converter

- Used in ‘Renewable energy systems’, ‘Electrical drives’,
‘Smart grid systems’, and etc.

- Require fast sampling ( > 5KHz)



1. Introduction

Key points in MPC derivation
#Cost Index Design

« Voltage Regulation, Current Regulation

« Switching Loss etc

e Cost Horizon

=m) State Tracking Cost Index, Single Horizon

#On-line optimization

e CCS-MPC

* FCS-MPC

=) No numeric algorithm is
used



2. The Features of Power
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VOLTAGE VECTORS OF A TWO-LEVEL INVERTER

State Sa Sp Se Voltage Vector
0 | OFF OFF OFF vp = 020
1 ON OFF OFF | v =2V;.20
2 ON ON OFF | vy = 2V;.Z60
3 OFF ON  OFF | vg = 3V;./120
4 OFF ON  ON | vg= 3V,.2180
5 OFF OFF ON | vz = 3V;./240
6 ON OFF ON | vg= 2V4.£300
7 ON ON ON vp = 020
Vq‘
V;&
3 /U"“
7

Finite Control Set Actuation

: The control input is chosen to be one
of the available Voltage Vector

: FCS-MPC

Continuous Control Set Actuation

: Synthesize a new vector by adjusting
application duration of two adjacent
Voltage Vectors

: Space Vector PWM (SV-PWM)

: CCS5-MPC



2. The Features of Power
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2. The Features of Power

Filter & Grid pR S o y
(Plant) 2-Level Inverter Input Voltage
(Actuator) (control)

Bilinear Plant
Model



3. Power Control using AC/DC

‘hree-
Phase

AC/DC Converters(IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS,
VOL. 62, NO. 11, 2015, YI Lee et. al)

L I

5{ ?} ?} I %:Acidq{t)+13cuo(t)u(t)+dc
€ R i } where

C,_, . . oy [Ha() _ [ma®)
e W P )= {11 - w0 = [0
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x(k+ 1) = Ax(k) + Bvou(k) +d (9)
where
X 1= Eig] U, = {u e R? | |Juf| < %}

A. Desired Steady-State Condition
x" = Ax" + By,u” +d

()= o) = [_é?]

w(r,d) = U—IGB‘l (Tana — A)x"(r) — d) .



. B. DOB Design

x(k +1) = Ax(k) + Bu,u(k) + d(k)
d(k+1) =d(k).

z(k+ 1) =A.z(k) + Bovu(k) (17)
y(k) = Coa(k) (18)
where
_ [x(k)] _ | A Lo *
o) = | 3| - Ao = [DM szzl (€ R*4)
B, = _Uiz_ (ERY), Cpi= [Lya  0y.0](c B2,

The DOB to estimate d (k) is constructed as

2(k + 1) = Agz(k) + Bovou(k) + Lobs Cae, (k)
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C. MPC Design

T (x(k),u(k)) = [|e(k+1[k) |5 +ry [u(k)—a (k)|
&(k + 1|k) := e(k + 1|k) ‘El:El(k}
=Ax(k) + Bu,u(k) + d(ﬂ) —x"(r)

60(k) :=u(r, d) |3_a
1

-—p"! ((Im _A)X(r) — am) .

)

Jmin J (x(k), u(k))
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. (K) = —B(ve) ! (v, BT Pw(k) — rai®(k))  if ut (k) € UL

KT E Ve SE

Fg)

BTPB = flLs.o.

L 3/

£

KJ |

Stability is guaranteed if P is chosen
properly



V. EXPERIMENTS
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4. Torque Control of an Induction

Model :

3 — k| + Bulk

zlk + 1] = Azx[k] + Bulk] Torque :
s A.h, B= B.h 3P L, _ .

A. -E—;::]Kal —I_ ol &y [k] # TE — 55 LT ()‘ldr@qs - }\qTi’dS)u
Lk Udq|R

ofk] = | 7| ulk] = |

Adqr[k] 0




Reference State computation

The reference torque 77*(k) is assumed to be given

A method to provide a proper reference state z*(7(k))

- 3\ *
tds Lo

o 22 L, T

- £y EY qgs | _ | 3P Ly, A*
& (TF 5)‘ ) o " o "
AL A
%
_)\‘-'IT_ L 0 .

MTPA flux reference 1s:

- 22
A (k) = \/ LT (k).



Definition of a cost function

J(k) = (@(T¢, ) — ok + k) W (2™(T7, A7) — [k + 1]K]),

Choice of Weighting : W — AW A > 0

o0

J(k) =Y €[k + j]elk + j

7=0

U =W — ATWA.



Solution of the FCS-MPC

TABLE 1

Step 1:
- Evaluate the cost index for the

VOLTAGE VECTORS OF A TWO-LEVEL INVERTER

State | S, St e Voltage Vector VOItage vectors i
- Choose the optimal voltage vecto
0 OFF OFF OFF g = 020
‘L‘Sd(k).
1 ON OFF OFF | v = 2V 20
Step 2:

2 | ON ON OFF | va= £V Z60
3 | OFF ON  OFF | v = 2V 2120 - Compute the optimal modulation

factor minimizing the cost index
4 | OFF ON ON | vg=2V; /180 further

- g _ g r

5 OFF OFF ON U5 = 3 Ve £240) :U;* _ UE;EBTI’V(S'}*(T:, )\*) . Am[k])
6 | ON OFF ON |wvs = 2V /300 201, BTW Bug
7 ON ON ON o :OZ{]




Experiments ~ - sEouLTE




2
5
Ji}
5
a i i I I I i ] I I
4] 13 04 i3] 0.8 1 12 14 156 1.8 2
aF T T T T T T T T e~
T B .
= / AATATATE VEYAA
=20k i i i i i i i i i . .
a 13 04 i3] 0.3 1 12 14 18 1.4 2
3 [ 1 1 1 I I 1 I ! ! =
=il SRS -
<
A gak i i I I I i 1 I I |
a 13 04 131 0.8 1 12 14 156 1.4 2
s T T T T T T T T T .
=
T 14} =
g i L=
2 i i | I i i i i |
[4] 13 04 131 0.8 1 12 14 156 1.4 2
it gec)
20 T T T
= 15} :
= 10k ] I e
=" 5 p———————re———
a i i i i i i
4] 13 a4 {31 {%] i 12
I T T T T T T T q 1
< ANV
s VU
=20 1 1 i i i i 1 |.I }
a 13 a4 {31 {%] i 12 14
g" a4l T T T T T T T ]
5 04 . : _
< : T
.-.-:a_a.q_ i i t L L 1 L == i . ]
a a2 04 4 0.8 1 12 14 14 1.4 2
af T T T T T T ]
= /J
:él 1‘_ . I . —
= T i i il 1 i
[4] a2 04 1] .8 1 12 14 156 1.8 2

Tiene )



5. Discussion

« BESS management
* Grid Connection of PV
- EV
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