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[Abstract] Addressing persistent challenges in the Signals and Systems curriculum—namely, pronounced
mathematical abstraction, insufficient alignment with engineering practice, and limited capacity for individualized
instruction—this study formulates and implements a novel triadic pedagogical framework termed "Intelligent
Integration, Virtual—Physical Synergy, and Innovation—Driven Instruction," underpinned by artificial intelligence
technologies. Within this architecture, Al functions as an infrastructural enabler, facilitating the reconfiguration of
course knowledge graphs, the deployment of a deep learning—based intelligent simulation environment, and the
establishment of a data—informed, multidimensional formative assessment mechanism. Collectively, these
components engender a paradigm transition from passive knowledge transmission toward active competence
construction. Empirical evidence indicates that the incorporation of instructional modules centered on neural
network—based system identification effectively bridges the divide between theoretical exposition and engineering
application, substantially enhancing learners' capacity for tackling complex engineering problems as well as their
inventive disposition. The proposed framework furnishes a transferable exemplar for elevating the rigor, innovative
character, and intellectual challenge of core electrical engineering coursework.
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%ik# T B 4G: Neural Network Toolbox (WFE). Control
System Toolbox (F]i%k)

clear;close all;clc;

%61, Az B ER IS R G5 SR s

Fs=100; %RFEA (Hz)

t=0:1/Fs:10; %M ] [ & (07 10F5)

A=2;a=1;w0=5;%_Mr RASH: MWiA, FJEa, BRSIFHW0

%FG AT & B &3 Control System Toolbox

if license( test’,’ Control Toolbox’)

%fi AL R EUE LR G

sys=tf ([A*xw0], [1 2%a a 2+w0 2]);

use tf=true;

else
%A A 20, (LA b i i s R R B B R kT £
Pax i

use tf=false;

dispC R#ME] Control System Toolbox, K HENTT
BIE. 7);

WES: RS : H(s)=(A*w0) / (s 2+2axs+(a 2+w0 " 2))

3T XU LR P4 (Tustin) B HLAL

T=1/Fs;

T3 E B AR B Clyile S ik ific 2d i 40

num_ s=A*w0;

den_s=[1, 2%a, a 2+w0 2] ;

[num z, den z]=bilinear (num_ s, den_s, Fs) ;% 1% iR 1 7£
Signal Processing ToolboxHt, {HIEARHS A

%#bilinear NATH, AT FHERRriE B X, (RS FERUIK, 1X BAE
F RG22 93 )5 78 LR AR

%Shr b, AT LB Lsimfl B AR 2B, T i $ it — b
T ARSI %

end

WEME GRS T

rng (2024) ;%[ 58 FEALFP T LAE S I

x=sin (2%pi*t)+0. 5*cos (5kpi*t)+0. 1*randn (size (t)) ;

%t HE R

if use tf

y=1sim(sys, x, t) ;

else

%K FH BB PR RF B VR 8 R G S AL SR IE AR R

WIRAS TR LI AT AR Y

WIELERES TR, dx/dt=Ackx+Bc*u; y=Ccxx+Dcku

Ac=[0, 1;-(a"2+w0"2), —2%a];

Be=[0;A%w0] :

Ce=[1, 0];
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Dc=0;

Yok ff B H A CRE R 250

sysc=ss (Ac, Be, Cc, Dc) ;

sysd=c2d(sysc, T,  zoh’) ;

Ad=sysd. A;Bd=sysd. B;Cd=sysd. C;Dd=sysd. D;

%75 T FRIEAR

y=zeros (size(t)) ;

xk=zeros (2, 1) ; WHIIRIRS N E

for k=1:1length(t)

y(k)=Cd * xk+Dd * x(k):

xk=Ad * xk+Bd * x (k) ;

end

end

96%2. ) FH TN ZR I R 21 0Hfs R kN BEAAPIRZS 25 )

d=5; %R N ZEEY, BI FH G 2 dAN S BTN T — A4

X data=[];

Y data=[];

for i=d:length(x)-1

X data=[X data;x(i:-1:i-d+D) 1; %847 [x k), xk-1),...,
x (k=d+1) ]

Y data=[Y data;y (i+1)];%%tRz Hbxy (k+1)

end

%%3. Kl 73 Il 255 AR

split=floor (0.8 * size(X data, 1)) ;%80%llZ, 20%ix

X train=X data(l:split,:) ;

Y train=Y data(l:split,:)’;

X test=X data(split+l:end, :)”;

Y test=Y data(split+l:end, :)”;

W4, BT I GRM 22 I 2%

net=feedforwardnet (10) ;% #2582, 104240

net. trainFen="trainlm’ ;%Levenberg-Marquardt& %, I

net. divideFcen="divideind’ ;%F-zh¥5 & £ £l 5

net. divideParam. trainInd=1:split;

net. divideParam. testInd=[] ;%A FH M4, H H I830E
EIE LIV

net. divideParam. val Ind=split+l:size (X data, 1) ;

net. trainParam. showWindow=true; %/~ IIZEGUT

net. trainParam. epochs=1000; % KLk %L

% NP2

[net, tr]=train(net, X train,Y train);

%9%5. IR £ 1 B FE AT AAL,

Y pred train=net (X train);

Y pred test=net (X test);

Yoz il 25 SR LE ]

figure ( Position’, [100, 100, 900, 600]) ;

subplot (2, 1,1);

plot (t(d+1:split+d), Y train,
hold on;

plot (t(d+1:split+d),Y pred train, r——", LineWidth’
,1.5);

title C YIZREE: #EMLHH SRS Rafb 0T k) ;

xlabel C ] (s)” ) ;ylabel C H&{E) ;

legend C 18 # tH,” # & N 4 % tH°, Location’,
best’) ;

b, "LineWidth’, 1.5);

grid on;

subplot (2,1, 2) ;

plot (t(split+d+l:end),Y test,’b’, 'LineWidth’, 1.5);
hold on;

plot (t (split+d+l:end), Y pred test,’ r— ", LineWidth’
1.5);

title C SR MAMEH L SEIL REHFHXTL ) ;

xlabel C Bf[A] (s)”) ;ylabel C HR{E ) ;

legend C FigHH ,” M4t ,” Location’, " best’);

grid on;

Wi B I BARB R E

mse train=mean((Y train-Y pred train). 2);

mse test=mean((Y test—Y pred test). 2);

fprintf C YIIZE MSE:%. 6f\n’, mse_train);

fprintf C JiXEE MSE:%. 6f\n’, mse_test) ;

WRAMERE AL . LARER 2

R2 train=1-sum((Y_train-Y pred train). 2)/sum((Y t
rain-mean(Y train)). 2);

R2 test=1-sum((Y test-Y pred test). 2)/sum((Y test
-mean (Y _test)). 2);

fprintf C IZREER? :%. 4f\n", R2_train) ;

fprintf C MEREER? :%. 4f\n", R2_test);
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