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Design and practice of an efficient digital filter algorithm
based on S7-1200 AD Sampling
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Abstract: In the AD sampling process of Siemens S7-1200PLC, sampling data jitter is caused by external
interference and sensor sampling data disturbance. Based on the principle of Least Mean Square (LMS), an
improved weighted average digital filtering algorithm is designed in this paper. In 1200PLC, the
corresponding filter algorithm program is compiled by SCL language to filter the sampled data of AD. An
experiment is done on the AD sampling under a strong interference environment, and the sampling data is
stable and accurate, proving that the digital filtering algorithm is efficient and reliable.
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>>avgl=0; >>51=0; >>52=0; >>avgl=0;
fori=1:1:460 fori=1:1:500 for i=1:1:460 fori=1:1:500
avgl=avgl +(C1(i) x arl(i) sl=s1+ar2(i) s2=s2+ar1(i) avgd=avgd+(C2(i) x ar2(i))
end end end end

Al=round(avgl)

A4=round(avg4)

avgl= >>avg2=s1/500; >>avg3=s2/460; avgl=
1.1476e+04 >>A2=round(avg2); >>A3=round(avg3); 1.1488e+04
Al= A2= A3= Al=
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Fig. 3 Calculated value of each algorithm
~ o lﬁn
14 000 :g%%%ﬁyﬂﬁ
13 000 B A B{E
A } ) \ ' mﬁ¥ﬂ%
12000 ‘,,I‘Ju_‘ T RTITPE L RA T 1‘ i
il ‘N‘ A WA Y T ”1 LA R R
11 000
g 10000 |
5
2 9000 |
8000 [
7000 |
6000 L
3000 0 5(|) 1(;0 1I50 2;)0 2|50 360 3|50 4(|)0 45|0 5|00
SRHEA
(a) ADBIIEIG
2F N Bl
M w h /”\ I u%%£%¥ﬂﬁ
7y | / M ﬂ I A BRI AT A
) }\ , | i | ICE I
116 [ )‘H ’l \ ’ \/ H f ,‘. “\}‘
| s
1.15—& !\"\ V \ \~ UI , J !I I
g I Ty
2 | | Fl
= OL14f| h | | ‘ f \
= 0 |
113 { | . ‘ ‘ \ N
Nin | | |
112 | \ " \‘ \ \
’ v u‘J ’ \ \
111 | ’ \‘
VN
1|90 2|00 21(|) 2|20 2I30 24;0 2;0
SRR
(b) JRFBOR
B4 REEZE

Fig. 4 Filtered value curve
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>>el=0 >>e2=0 >>e3=0 >>ed=0
for i=1:1:460 fori=1:1:500 fori=1:1:460 for i=1:1:500
El(i)=Al-arl(i) E2(i)=A2-ar2(i) E3(i)=A3-arl(i) EA(i)=A4-ar2(i)

el=el+(C1G)*E1()2 e2=e2+(C2(i)*E2(1)) 2 e3=e3+(C1()*E3(1))2 ed=ed+(C2()*E4(i))y2
end end end end
el= e2= e3= ed=

219.7098 376.9852 232.5097 369.8747
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Fig. 5 Error sum of squares for each algorithm
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Table 1 Operation time comparisonms

R 2k TR AAL - I 4H o AP BRI {H

PHHEIZ AT /ms - 3B AT ]/ ms W IZ T[]/ ms B AT WA/ ms
50 15 3.5 12 0.9
60 24 10 17 1.0
70 40 20 23 1.1
80 58 33 29 1.3
90 80 48 35 1.5
100 110 69 41 1.8
110 130 93 49 2.0
120 180 117 56 2.3
130 210 147 67 2.4

S7-1200CPU fx KA T & FRIF ] Ry 150 ms, i Hof KA TG FR ] 9 2 4%, B 300 ms B, CPU 2345 1E
BT, W T AN A — T A3 MR IE CPU IE %38 47 . MO 2 0 A S 449 {580 vk SR R A B0 07 A3 3 75
130 AN LAV 5 AT 08 5575 RAE A B0 PR R 7E 160 A LA N 5 oo ik 9 55 R 7 2408 550 1 SR B AN 8007 PR FF 7E 260
LA s BT3RS B R T HE T Bt S AUE L R T ) ) e 2, SRAEAS BT 3% 2 000 DL I,
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€20=0 €30=0
fori=1:1:260 for j=1:1:60
E20(i)=ar2-a2(i) E30(j)=ar3-a3(j)
€20=e20+(C2(1)*E20(1))"2 e30=e30+(C3()*E30(j))"2
end end
€20=333.3915 €30=592.3301
(a) 3000 IR M (b) 1000CRK RZZFJ5 Al
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Fig. 6 Error sum of squares of different element
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3.1 TEEXNEESE
BT DR A 0 2 R E SLINER 2 IR,
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Table 2 Variable definition

hEs AR HdEA Ly ng it 9 g AAERAL B Yrhevi
WA L T E A
in Input Int zﬂ:;@ff;ﬁ o 12 InOut  Array of Real %5 40L& 43+
N Input Int AR SR A B C InOut  Array of Real JIT % 4 542 {i
N’ Input Int 5 25 I 1 e {1 55 A InOut  Array of Real B3R IMASE 5 {EH
SR RE R YT, B0 4 U
ST Input Time I S InOut  Array of Real T H 34T 2

AT IS ] B
B 0y R VB S

avg Output Int e at0 Temp Time Py = ayElind |
Y
A4 SR B B0 5% 4 o 52 =
I InOut Real atl Temp Time K BE 45 o ]
L)
arrayl InOut  Array of Real 171 % FEHHE B Temp Int HE P v e) AR
TEMf R e L BR WA )
array?2 InOut  Array of Real - * " n0~n9  Temp Int SR N Z5 G B0 /) ) v A AR

11 InOut  Array of Real 115 £ WA & 4> F K Temp Array of Real 15378 & & W EH 8] 248 1=
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32 EFPLCHFREBHXBRY E7 MEREER
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%5 FB(function block) A TEH 'S Z AN UE M FEF I 7 5 75 — 4> FC He, IR JHAS [ 4 52 i 4%

AP R A IE .

#S[0] := 0;

FOR #n9 := 1TO #N—2% #"N'"—1 DO
£S[#n9] := #S[#n9 — 1] + #C[#n9];

END_FOR;

Fig. 7 Array limit modification
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FOR #n9 := 0 TO #N—2x* £"N'"—1 DO
#S : = #S -+ ﬁC[#Iﬁ)];
END_FOR;

DA 7 o T L (H PLC AT R M 2s AR A K IR HER . JRIRE T PLC EPUT #S .= #S +
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Fig. 8 Filtering process
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Table 3 Sorting check
AR 4 el 4 A i {H AR 4 el 4 A i {E
1 arrayl[0] 5 618.0 6 arrayl[5] 6 403.0
2 arrayl[1] 5627.0 7 arrayl[ 6] 6 485.0
3 arrayl[ 2] 5 900.0 8 arrayl[ 7] 6 924.0
4 arrayl[ 3] 5972.0 9 arrayl[8] 7 218.0
5 arrayl[4] 5972.0 10 arrayl[ 9] 7 235.0

x4 BELERKEE

Table 4 Data selection check
3 ¥ el 4 AR {H A b4 A4 5 1 fE
11 array2[ 0] 5 900.0 14 array2[ 3] 6 403.0
12 array2[ 1] 5972.0 15 array2[ 4] 6 485.0
13 array2[ 2] 5972.0 16 array2[ 5] 6 924.0
®5 NETEHE
Table 5 Weight calculation

A Bl 4 A S {H A4 A A8 4 {H
21 C1Lo] 0.125 24 C1[3] 0.125
22 C1[1] 0.25 25 C1[4] 0.125
23 C1[2] 0.25 26 C1[5] 0.125
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Fig. 9 Temperature control device

b AT it 118 — e AR g B SRl S0 PE B0 s 305 5 T4, AR TCVA W R LA e MR R . 2R [l fi v A7 7 R Tl
SRS A LR IR ML LR T S R AL A S BE AL T IR OL T L SR PLC [ B s 11 98 3 2% 1 0k

IEER 2T AR .

P10 Ay 0 I8 BT J A0 SR R o DA P AN X 8 B« 2 e S vl 8 00 D A4 B U B R L DB T Y
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