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Abstract.  This Benchmark Report with educational aspects 
presents a straightforward and direct implementation of AR-
GESIM Benchmark C7 ‘Constrained Pendulum’ in MATLAB and 
in EXCEL: the given models are implemented without any 
change, and the tasks are directly simulated without any rear-
rangement. Central issue of this benchmark is the detection 
and handling of a state event: when the pendulum hits or re-
leases a pin, pendulum length and angular velocity are chang-
ing discontinuously.  
The MATLAB approach makes use of the event termination fea-
ture of the ODE solvers, and a MATLAB script loops between 
long and short pendulum and handles the event changes. The 
EXCEL approach solves the overall ODEs by Euler algorithm (a 
simple EXCEL recursion). The events are synchronized with the 
chosen time step (detection with delay), and handled by distinc-
tion of cases in any state update (no event, hit, release, velocity 
jump). The MATLAB implementation is straightforward but 
makes use of different models necessary. The EXCEL imple-
mentation shows that a spreadsheet tool – not really designed 
for simulation - can do simulation by direct implementation of 
ODE algorithms, but event-handling causes elaborate case-by-
case analysis. 

Introduction 

Figure 1: Pendulum hitting a pin. 
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1 MATLAB Implementation 

function yder = ODE_pendulum(t,y,m,l,d,g) 
yder=[y(2);-g*sin(y(1))/l-d/m*y(2)]; end 

function yder = ODE_pendulum_lin(t,y,m,l,d,g) 
yder=[y(2);-g*sin(y(1))/l-d/m*y(2)]; end 

1.1 Task a: Time Domain Analysis – MATLAB 
Implementation  

l
ls

while loop
event function

event function

event function

position isterminal = 1

direction = 0

function [position,isterminal,direction] = 
event_pendelum(t,y,pinangle) 
position=y(1)-pinangle; 
isterminal=1; 
direction=0; end 

ode45 

event 
function

stopevent = odeset('Events', @(t, y) Event_pendulum 
                                                              (t, y, pinangle));   
if(startingangle>pinangle) 
    %Pendulum starts in the long state 
    [t,y,te,ye,ie]=ode45(@(t,y) DGL_pendulum(t,y,m,l,d,g), 
     [0 10],[startingangle;Initialangularvelocity],stopevent); 
else 
    %Pendulum starts in the short state 
    [t,y,te,ye,ie]=ode45(@(t,y) DGL_pendulum(t,y,m,l2,d,g), 
    [0 10],[startingangle;Initialangularvelocity],stopevent); 
    i=2; 
end 
while t(end) < 10;   %as long as the end time not reached 
  if(mod(i,2) ~= 0);  %i = odd -> short pendulum 
   [t2,y2,te,ye,ie]=ode45(@(t2,y2)  ODE_pendulum (t2,y2,m,l2,  
                d,g), [t(end) 10],[y(end,1);y(end,2)*l/l2],stopevent); 
  else         %i  = even -> long pendulum 
   [t2,y2,te,ye,ie]=ode45(@(t2,y2) DGL_pendulum(t2,y2,m,l  
               ,d,g),[t(end) 10],[y(end,1);y(end,2)*l2/l],stopevent); 
    end 
    y=vertcat(y,y2);     t=vertcat(t,t2);     i=i+1; 
end 
 

Task a1
Task a2

1.2 Task b: Comparison of Nonlinear and 
Linear Model – MATLAB Implementation  

Task b: Comparison of Nonlinear and Linear Model

Task a: Time Do-
main Analysis

ode45
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1.3 Task c: Boundary Value Problem – 
MATLAB Implementation  

Task c: Boundary Value Problem

while(perdeviation<dev) 
  if(startingangle>pinangle); % starts in  long state 
   [t,y,te,ye,ie]=ode45(@(t,y) DGL_pendulum(t,y,m,l,d,g), 
     [0 10],[startingangle;Initialangularvelocity],stopevent); 
     [t2,y2,te,ye,ie]=ode45(@(t,y) DGL_pendulum(t,y,m,l2 ,d,g),  
     [t(end) 10],[y(end,1);y(end,2)*l/l2],stopevent); 
        y=vertcat(y,y2);  t=vertcat(t,t2); 
  else    %Pendulum starts in short state 
     [t,y,te,ye,ie]=ode45(@(t,y) DGL_pendulum(t,y,m,l2,d,g), 
    [0 10],[startingangle;Initialangularvelocity*l/l2],stopevent); 
  end 
  maxangle= min(y(:,1));%until pendulum max turns 
    dev= abs(targetangle-maxangle); 
    if(dev>0.5)   delta=0.1; 
    elseif (dev<=0.5 & dev>0.1)  delta=0.01; 
    elseif (dev<=0.1 & dev>0.01) delta= 0.001; 
    else  delta=0.0001;  end 
    if(targetangle<maxangle) 
        Initialangularvelocity=Initialangularvelocity-delta; 
    else 
        Initialangularvelocity=Initialangularvelocity+delta; 
    end;     steps=steps+1; end 

2 EXCEL Implementation 

2.1 Euler Solver for Pendulum Equations 

2.2 Euler Solver with Event Handling 
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if – then- else

2.3 Event Handling in EXCEL 

hit release
if-

then-else
cellvalue =  IF(condition, THEN-formula, ELSE-formula); 

hit
release if-then-else 

THEN-formula  ELSE-formula if-then-
else if-

IF1 IF2 and IF3
IF1

true
THEN-formula IF1 if- IF2
if- IF2

IF2
l

l ELSE-formula IF1
if- IF3

IF3

THEN-for-
mula IF3

ELSE-formula IF3
if- IF1 IF2 IF3

= IF ( H16 > phi_p, IF ( H15 < phi_p, 
        ls/l * G16 * (1-h*d/m) – h * g/l* SIN(H16), 
        G16*(1-h*d/m)-h*g/l*SIN(H16)], 
IF ( H15  >phi_p, 
        l/ls * G16  *(1-h*d/m) - h*g/ls * SIN(H16), 
       G16 * (1-h*d/m) – h * g/ls * SIN(H16))) 

G17 H16
H15

G16

2.4 Task a: Time Domain Analysis – EXCEL 
Implementation  

Figure 2: Definition of parameters – EXCEL implementation. 

Figure 3: EXCEL spreadsheet structure for state updates. 
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2.5 Task b: Comparison of Nonlinear and 
Linear Model – EXCEL Implementation  

Task b: Comparison of Nonlinear and Linear Model

Figure 4: EXCEL spreadsheet structure for state updates:  
results nonlinear model, results linear model, and deviation. 

2.6 Task c: Boundary Value Problem – 
MATLAB Implementation  

Goal Seeking 
Function What If Analysis 

Goal Seeking Function
I9

I14
I13

I14

Figure 5: EXCEL goal seeking function – parameters for 
boundary value problem for initial angular velocity. 

What If Analysis, 

What If Analysis 

I9 I14

3 Results – MATLAB and EXCEL 

Figure 6: Simulation results for Task a1 – MATLAB. 

Figure 7: Simulation results for Task a1 – EXCEL. 

Task a1

hit – release

hit – 
release
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Task b: Comparison of Nonlinear and Linear 
Model

ode45

Figure 8: Comparison of  
linear and nonlinear model 
with zoom – MATLAB.  

Figure 9: Comparison of linear and nonlinear model  
with zoom – EXCEL.  

Figure 10: Time course of angle and angular velocity for 
solution of Task c: Boundary Value Problem - 
MATLAB. 

Task c: Boundary Value Problem

4 Conclusion 

hit release


