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Abstract

: In discrete-time controlled system, sampling time is one of the critical parameters for control

performance. It is useful to employ different sampling rates into the system considering the feasibility of
measuring system or actuating system. The systems with the different sampling rates in their input and output
channels are named multirate system. Even though the original continuous-time system is time-invariant, it is
realized as time-varying state equation depending on multirate sampling mechanism. By means of the
augmentation of the inputs and the outputs over one period, the time-varying system equation can be constructed
into the time-invariant equation. The two multirate formulations have some trade-offs in the simplicity to
construct the controller, the control performance. It is good issue to determine the suitable formulation in
consideration of performance of them. In this paper, the two categories of multirate formulations will be compared
in terms of the linear quadratic (LQ) cost function. The results are used to select the multirate formulation and
the sampling rates suitable to the desired control performance.
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Fig. 1. Sampling mechanism of multirate system.
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Table 1. The optimal value of J in multirate out-
put control with »f=12, ni=12.

Periodic control scheme

nd=1 nf=2 nf{=3 nd=6 af=12

nf=1 | 104214 104215 104216 104216 104217
nl=2 | 107451 107452 10.7452 10.7453 10.7453
n?=3 | 109184 109185 10918 109186 109187
nY=6 | 111546 11.1546 111547 11.1548 11.1548
#»?=12 | 112801 112892 112892 11.2803 11.2893

Time-Invariant control scheme

=1 #f=2 af=3 nf=6 nf=12
1| 104214 104215 104216 104216 104217
21 107451 107452 107452 107453  10.7453
n?=3] 109184 10918 10918 109186 109187
6| 11.1546 11.1546  11.1547 11.1548 11.1548
nJ=12 112891 112892 11.2892  11.2893  11.2893
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Table 2. The optimal value of J with the input
sampling intervals fixed as =i, 3.

Periodic control scheme

nd=1 nf=2 nf=3 nf=6 nf=8 nf=10
=1 | 72007 72913 72019 7.2023 7.2925 7.2926
2 | 84327 84332 84339 84342 84344 84346
3 | 94467 94473 04479 94483 04485 9.4486
=6 | 99345 99351 99357 99360 99363 99364
8 (102251 102256 10.2263 102266 10.2268 10.2270
#n{=10 | 10.4183 104189 10.4195 10.4199 10.4201 10.4203
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Time-Invariant control scheme
wd=1 nf=2 n?=3 nf=6 nf=8 nl=10
nd= 7.2907 76584 82653 87384 9.1110 9.4076
nl=2 | 89580 89597 93521 96578 9.8986 10.0902
n?=3 |10.2990 10.2995 10.3001 10.7660 10.5856 10.9668
n?=6 |10.8201 10.8206 11.0009 10.8212 11.1533 11.1890
n?=8 {11.0617 11.0620 11.0624 11.2227 11.0626 11.2675

»?=10 |11.1839 11.1842 11.2500 11.2777 11.2922 11.1847

Performance comparison with single-rate control, P,=100
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Table 3. The optimal value of J with the input
sampling intervals fixed as #P=1, #{=1.

Periodic control scheme

nh=1 ni=2 =3 #i=6 =ni=8 a#i=10

T=1 | 72007 7.2013 7.2922 7.2926 7.2929 17.2930
1=2 | 72015 78636 7.8645 7.8649 7.8652 7.8653
ni=3 | 72025 78646 87507 84119 87514 85510
{=6 | 72030 7.8652 84124 93838 88338 89377
{=8 | 72933 7.8655 87516 88341 98407 9.1744
=10 | 72935 7.8657 85513 89380 9.1746 10.1746

Time-Invariant control scheme

w=1 ni=2 #wi=3 a#i=6 ni=8 #i=10

1=1 172907 76577 82645 87378 9.1106 9.4073
1=2 | 76578 7.8636 84365 88333 92352 95153
ni=3 | 82647 84366 87507 9.8986 9.4629 104138
1=6 | 87397 88834 9.8983 9.3838 106282 10.7732
1=8 ]91107 92353 94630 106283 9.8407 10.9486

n{=10 | 9.4074 95154 104139 10.7733 10.9487 10.1746

Performance comparison with single-rate control, P;=100
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