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Abstract

Recently, Process Identification has become a very important problem in control engineering,
particularly in adaptive or optimal control systems.

Among the many methods that have been developed for the Process Identification, the method
measuring the impulse response of the system to be controled is one of the most attractive
methods for it’s characteristics of anti-noises. Generally speaking, however, such a measured
impulse response itself is not appropriate to determine control inputs or control parameters.

Here, the author intends to estimate directly unknown parameters of the given transfer function
of a process, using M-Sequence signal. For this purpose, M-Sequence Generator was built
by means of I.C. Shift Register, and a new method to estimate a time constant of the first
order process was examined theoretically and experimentally. And also several discussions were
made about the low pass filter as a averaging circuit which is the most important element in
the calculations of correlation functions.

Several experiments by the aid of analog computer showed good results as expected.
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Table. 1. Examples of Characterxstlc functions and M- Sequences for various values of p

P N | M (P) Characterlstlc Functmn ' M Sequence
2 3 1 DzOD@l 110
3 7 2 D'@D*P1 1110010
D}®DP1 1110100
4 15 2 D'@ED'P1 111100010011010
D‘®&DP1 111101011001000
5 31 6 DidD*P1 1111100011011101
010000100100
D’@D*P1 1111100110100100
001010111011000
D'@D‘®D'ED*P1
D'®D‘PD*PDP1

D'OD'@D*&DP1
D*&D'*&D*@DP1
6 63 6 D'ED*P1 111111010101100
110111011010010
011100010111100
101000110000100
000
D*éDE1 . 111111010101100
110111011010010
011100010111100
101000110000100

000
7 127 18 D'®&D'®1

255 16 D'®D*®BD*ED!P1
9 511 48 D*®&DP1

(3) BiEE! MEFio| B4
K Po] M-Sequencee] #ipiko

(DP@DP-i@)- e+ PLM=0 (ISICP) e vrerrnrrieiritiriiirnreeririein e eevveens an
o dhd ohe Re dvh

DPm= (DP-i@----- D) crereerenr et e e e (18)

D™im= (DP-iH@P...... @D)m I<<P-14+1SP vevereviemmiiniiiiiiiiiiiinnnan, (19)
ADRS Fige PRE 9¢ 4 7 =28 1ORI4 QORE A=},

D m= (DP~it2P). .. -@ED»)m------ 2P =i 2Pl eeeenirinniniiniiiiienna, (20)



6 woOox &
(20029 HiEY &EE P+1& 3 & 5 fevz (19OXE 2#3td #RH D'm, D*¥m
Dme]l A D'm7t=] 9 PEY EE%RZI2 #EES) Modulo Two Additions] A -& - 9=k LT
Atk 2§ 4] DPm, DPme-& @2 5 gleh. 2#d M-Sequenced] —iEHld] $lel A
BRI 2°-1E Y pfEe) EERTIE MAd0A d¢ 5 v R =

P

2 PCi'—'ZP‘l

i=1

o|mE mE WERIIE PES BEFFIS EHS Modulo Two Additions}4 4% 4 =t
P=5, 69 el 3014 KRS —fid] Hel EIERIIE 971 BV MATEE Table 20
vhepa e,

Table. 2. examples of combinations to generate the delayed M-Sequences

Dx Combination Dx Combination J Dk } Combination
1 3, 6 11 1, 5 6, 8 21 3, 4
2 4, 7 12 2, 6 7, 9 22 4, 5
3 5 8 13 3, 7 8, 10 23 5 6 1, 8
4 6, 9 14 4, 8 24 6, 7 2 9
5 7, 10 15 5 9 25 7, 8 3, 10
6 1, 3 16 6, 10 26 8 9
7 2, 4 17 1, 10 27 9, 10
8 3, 5 18 1, 2, 5 0, 1 28 1, 7
9 4, 6 19 ihy ¥ 29 2, 8
10 5 7 20 2, 3 30 3, 9 1. 4
(a) (D'@D*®@1)m=0 (P=5)
1 2, 7 22 6, 7, 10 43 2, 6, 8
2 3, 8 1, 7 23 5 6 7, 8 44 0, 5 8
3 4, 9 2, 8 24 0, 4 45 0, 9
4 5, 10 3, 9 25 1, 5 46 1, 10
5 4, 10 26 2, 6 47 2, 5 6
6 0, 1 27 3, 7 48 0, 8
7 1, 2 28 4, 8 49 1, 9
8 2, 3 29 5 9 50 2, 10
9 3, 4 30 6, 10 51 3, 5 6
10 4, 5 31 0, 2, 5 52 0, 2, 4
11 5 6 32 0, 3 53 1, 3, 5
12 6, 7 33 1, 4 54 2, 4, 6
13 7, 8 34 2, 5 55 3, 5 7
14 8 9 35 3, 6 56 4, 6, 8
15 9, 10 36 4, 7 57 5 7, 9
16 4, 6 37 5 8 58 6, 8 10
17 5 7 38 6, 9 59 0, 8, 10
18 6, 8 39 7, 10 60 0, 3,10
19 7, 9 40 5 6, 8 61 0, 10
20 8, 10 41 6, 7, 9 62 0, 5
21 6, 5 9 42 7, 8 10

(b) (D*&DD1)m=0 (P=6)
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Table 4. Experimental values of tp

T n To tm ta/To N4=15 sec
21
15 2 30 26, 0.87 N =0.42 rad/sec
20 2 40 32 0.80 (Unit of time constant and tn: sec)
30 2 60 48 0.80
50 1 50 38 0.76
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Fig. 23 Responces of first order system ( 1+1TS> corresponding to the input

x°(t)= a[x(t+A)—-x(t—A.) J
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Fig. 25 Estimation of sinusoidally changing time constant



