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= Real-Time Control Systems

 Controlled by one Computer Processor
— Centralized control systems
— Real-time operating systems

» Controlled by one Communication Medium
— Distributed control systems
— Real-time communications
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* Abstract:

— Integrated communication and control systems (ICCS) consist of several
distributed control processes which share a network medium. Performance
of several feedback control loops in the ICCS is subject to the network-
induced delays from sensor to controller and from controller to actuator. The
network-induced delays are directly dependent upon the data sampling
times of the control components which share a network medium. In this
study, a scheduling algorithm of determining data sampling times is
developed using the window concept, where the sampled data from the
control components in the ICCS share a limited number of windows, so that
the performance requirement of each control loop is satisfied as well as the
utilization of network resources is considerably increased. The scheduling
algorithm is verified by discrete-event/continuous-time simulation model of
an example of ICCS
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Example of NCS Design

Continuous-Variable/Device Network
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Example of NCS Design

= 5 Loops with 10 Data-TX Nodes
» Packetized data tx time (L): 2 ms

Server overhead (o): 0.1 ms

Maximum allowable loop delays:
—[®,, ®,, Dy, D, D] = [ 25, 60, 100, 200, 400 ] (ms)

Periods of each loop:

— [Ty Ty T, Ty, Ts ] = [9, 18, 36, 72, 144] (ms)

— [ Ky, Ky, Kg, Ky, ks ] = [1,2,4,8,16] (ms)

— [ty byt by, b b, by B, b, 1= [0,0,0,0,9,9, 27, 27, 63, 63] (Ms)
-r=4

Network and system utilizations:
- U=86.1% and U_s = 96.8%
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Integrated Communication and Control Systems

= Schematic diagram:

control ler controller control ler
[ R | [ Ra_| [ Ra |
\ "
Tq Rq Rq Ta Rq
S A S A 5 A
plant plant plant
"~ Contral Control "'Con
loop 1 ... Loopt PR Loo;rﬂ'

Tq: transmitter queue RQ! recelver queue
5 : Sensor A ! Actuator

= M . control loops

= N =2M : node number
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= Key Parameters:

= T; . sampling time in loop 1
— L': actual message size
= L : packetized message size

= p=[L'/L] : number of segmented packets
= T;/p: interval inserting tx queue
= B : data rate of network

= L = L/B: packetized data tx time
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= Network-induced delays in control loop i:

T

—pi e K2 o [XYN
T
[ o]

G {z) : Controller Transfer Function

G,(s) : Plant Transfer Function

Z.OH. : Zero-Order Holder A
T; ' Data Sampling Time of the Control Loop !

= T; : sampling time in loop ¢
= 19,- . sensor-controller delay

= 26'.3- . controller-actuator delay
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= |_oop delays in control loop i:
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= Data rejection and Vacant Sampling:

Sensor = =

Controller 1'

—
J

1
lVacant. Data Vacant
Sampling Rejection Sampling
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= Design Objective:

= &, : pre-determined max allowable loop delay

=", <T;,m=1,2:
eliminate data rejection & vacant sampling

=D, <P,
loop delay should not exceed its limitation
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Dy

= Time-Varying Delays: e \4? =
= #}, : the kth instant B T

D,

when actuator command arri‘ves at plant
= Since 26; is time-varying,
— D; & [tg.tr4+1) are also time-varying
= [tp.trp4+1) becomes max
when min2¢; occurs at the kth arrival

followed by max?6; occurs at the (k4 1)th arrival
= suplty, tpae1) = T; + (sup?6; — min 2¢;)

= D!: modified constant loop delay
D! = 2T; 4 (sup2¢; — min 2¢,)
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= Stability Region for Time-Varying Delays:

z(t) + az(t) + px(t —6(t)) =0
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= D! = 2T; + (sup?6, — min26;) < &,
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= Parameters & Variables:

=T =[T1,T.---,Ty],  with T; <T;14,Vi

= r; . number of data served by the server
during the worst-case data latency

— max "0, =r;L+ No, m=1,2

— because max ™0; < T;
T,‘_ — NJJ

— = { T
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= Parameters & Variables:

ist 2nd (r=1)~th r-th
window window window window
I [ I ] [] J
———rH
[ L G o
Lot T ™

= N nodes share the r windows (r =r{, N > r)

= Tj = fi.'j T, (f-:_}' > ]_)
— During Ty, if number of data served <r
— During T}, data served <r; =k; r

= Node j never overflow
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D! = 2T; + (sup26; — min 26;)

o \‘T;—NJJ
Ty — T

= Parameters & Variables:

= min %6; =L
=sup %0, =T,
=D'=d; (=min[d;, i=1,..,M])

_d1+L
3

| (®14+L)/3—-No
o L

—}Tl

=T
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= Parameters & Variables:

T‘
jK:[kl‘kzs-kfvf]‘ k?=,1Ti k:‘S‘!':!—Jr—l‘v(1

ﬂ’f 1
= i = 2 Z ,I.T
—

— If age < r and Rem[k;, k;] = 0,Vi,j,j > i

— all the data sampled during Ty (= kyT1)
can be accommodated by offered windows
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= Scheduling Feasibility:

= For any node j with T; < Ty,

= If Rem[k);,k;] =0
— the number of data generated

from node j during T, is fixed to ky/k;

= the total number of data generated

from all nodes during T’ is

N M
kae Y (L/kj) = 2ky > (1/k;) = kyag
Jj=1 Jj=1
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= Scheduling Feasibility:

= If Qe <r

— all the data sampled during Ty (= kpT1)
can be accommodated by offered windows

— feasibility condition of scheduling algorithm

= If Qe >r
— the network system is overloaded

increase data rate (B)
— ¢ reduce overhead (o)
reduce number of nodes (N)
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= Scheduling Algorithm:

Ty

r 1
T\ T\ T, T

A A A A, A
= A;: the beginning instant of the ith T}

= u"(A;) : number of sampled data
among node 1 upto n at A4;
= t; © sampling instant of node j in Ty
— 1t = A4
—sul(A))=1,1=1,...ky
—t; = inf[A; > Aj_q 1w/ (A) <7),j=2,..,N
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Algorithm of Determining Data Sampling Times

= Scheduling Algorithm:
= Since Rem[k;, k;_1] = 0,

— Tj_1 =nTj, n: integer
— ul (A + nT;) <r,Vn=12,..
— Hence, uN(A) <r.Vi=1,.. ky
= NoO nodes experience overflow
= NoO more than r data can be served at T;
— sup™y;, =Ty, min™6;, =L, Vi,m

= 2T+ (T - L)<, i=2,..,.M
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= Scheduling Algorithm:
= Other T;, i = 2,..M

— T; = kTy. k=

¢’¢—(T1—L)>
271,

= For light loaded network,
—r>N

—>TJ=W: Vi=1...M

= Network Utilization:

N M
L 2L 1

= System Utilization:

U # windows used during T); ag
— = e
° # windows offered r
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Example of ICCS Design

= 5 Loops with 10 Data-TX Nodes:
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Example of NCS Design

= 5 Loops with 10 Data-TX Nodes
» Packetized data tx time (L): 2 ms
0.1 ms

Maximum allowable loop delays:
— [@,, D, s, D,, D] =

Server overhead (o):

Periods of each loop:
= [Ty, Tp T, Ty, Ts ] =
— [ ky, Ko, kg, Ky, Ks | =
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[ 25, 60, 100, 200, 400 ] (Ms)

[9, 18, 36, 72, 144] (ms)
[1,2,4,8,16] (ms)

— [ttty b, b, t, g, B, 101 = [0,0,0,0,9,9, 27, 27, 63, 63] (MS)

—r=4

Network and system utilizations:
- U=86.1% and U_s = 96.8%
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= For Loop 1:
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GAz)
66( 5)

zoH.

G.(s)
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_ T(s+5)

Controller Transfer Function

Plant Transfer Function

Zero—-Order Holder .
Data Sampling Time of the Control Loop §

1
(0.35 + 1)(0.03s + 1)

GP(S) =
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Example of ICCS Design

*NORMAL: T, = 9 00 3
4 *CASE1l: T,= 6.3
R 610 L8] 343 "CASE2: T, =135 oy
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3 .00 4 g
a 1
g : § o0
C :
RECE *NORMAL: 9, 18, 36, 72, 144
*CASE 3: 9, 17,37, 83, 161
*CASE4: 9, 9,18,36, 72
e ¥4 0] 0.4 0.8a o

TME (30c) 'U3 == UNV U4 >1
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