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Thirty five years ago, the pioneer of physiological modeling A.C. Guyton published a description of a large 

breakthrough model of physiological regulation in a form of a graphic schematic diagram. A number of authors 

brought this old large-scale diagram to life using modeling software tools.  
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EXPERIMENT 1 
Introduction to the modeling tools of Berkeley Madonna 

and SIMULINK  
 

Introduction (Part 1): 

 

SIMULINK is an extension to MATLAB which uses an icon-driven interface 

for the construction of a block diagram representation of a process. A block 

diagram is simply a graphical representation of a process (which is composed of 

an input, the system, and an output).  
 

 
 

 

 

The ``icons'' represent possible inputs to the system, parts of the systems, or 

outputs of the system.  

Assorted sections of the block diagram are represented by icons which are 

available via various "windows" that the user opens (through double clicking on 

the icon). The block diagram is composed of icons representing different 

sections of the process (inputs, state-space models, transfer functions, outputs, 

etc.) and connections between the icons (which are made by "drawing" a line 

connecting the icons). Once the block diagram is "built", one has to specify the 

parameters in the various blocks, for example the gain of a transfer function. 

Once these parameters are specified, then the user has to set the integration 

method (of the dynamic equations), stepsize, start and end times of the 

integration, etc. in the simulation menu (configuration parameters) of the block 

diagram window. In particular, the default minimum and maximum step sizes 

must be changed (they should be around 1/100 to 1/10 of the dominant (slowest) 

time constant of your system).  

 



Jordan University of Science and Technology 

Biomedical Engineering Department  

Laboratory of Physiological Modeling and Control Systems  

BME 433 

 

Basically, one has to specify the model of the system (state space, discrete, 

transfer functions, nonlinear ODE's, etc), the input (source) to the system, and 

where the output (sink) of the simulation of the system will go.  

 

Procedure (part 1): 

 

1) Open SIMULINK via MATLAB. Once MATLAB has started up, type 

SIMULINK (SMALL LETTERS!)  

2) A SIMULINK window should appear shortly, with the following icons:  

Sources, Sinks, Discrete, Linear, Nonlinear, Connections, Extras. Note the 

different types of sources (step function, sinusoidal, white noise, etc.), 

sinks (scope, file, workspace), and linear systems (transfer function, state 

space model, etc.), etc.  

3) Next, go to the file menu in this window and choose New in order to 

begin building the block diagram representation of the system of interest.  

4) Simulate using SIMULINK a step input to a first-order transfer function 

[1/(2s+1))] in the Laplace domain and view the result vs. time graphically 

in MATLAB.  

5) What is the maximum stepsize after which the simulation is wrong? 

6) Solve now the following biological model: 

 

 
  

 

7) Solve now the following mechanical model: 
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The masses  and  travel in one dimension with constant speed. The  and  are the 

displacements, respectively. Furthermore, the masses are connected via a spring with stiffness 

(spring constant) .The force  represents the force generated between the wheels of  and 

the track, while  represents the coefficient of friction. From Newton's second law, we know 

that the sum of the forces acting on a body is equal to the product of the mass of the body and 

its acceleration. The mathematical equation that governs this physical system is the free-body 

diagram representing the system.  

(1)   

                                        (2)   

A student has constructed this system using SIMULINK blocks, but an error in the file has 

changed the correct blocks. Help him replace the correct blocks (from the list below).   

 
The list: 

 
 

 

 

 

 

 

 

X1 

X2 
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Introduction (Part 2): 
 

Models in Bekeley Madonna starts with the determination of the integration 

method, start time, end time and steptime. Since the software is used to solve 

differential equations, initial values and parameters (constants) should also be 

specified. Equations can then be typed. The help menu is very helpful and 

concise. It includes instructions about the non-exhaustive list of functions. The 

software is a robust user-friendly tool for simulation applied to medical, 

physiological, chemical, mechanical, electrical and thermal fields.  
 

 

Procedure (Part 2): 

 

1) Implement the previous model (bacterial growth) by Berkeley Madonna.  

2) Solve the diff. equation by sketching the curve of the bacterial number x 

vs. time. 

3) Compare your results with those found previously by SIMULINK. 

4) To which parameter is the model more sensitive: b or p? Why? (use the 

sensitivity option)  

5) Export the calculated values of x. Change now slightly the value of p and 

re-fit the model to the exported curve. Compare now between the value of 

p found by Berkeley and the original one. This is called parameter 

identification. It helps find the values of unknown parameters based on 

experimental values.  
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                                         EXPERIMENT 2 
Respiratory mechanics simulation 

 (Part 1: Breathing Pattern Generator) 

 
Introduction: 

 
The brainstem respiratory neurons appear to play an important role in the origin 

of respiration rhythmogenesis. There are two physiological interactions between 

the central respiratory pattern generator and the mechanical respiratory system 

(Figure 1): 

 

(i) The lung volume is periodically modified by the respiratory pattern generator 

activity through the respiratory muscles variations (Inspiration-transition-

Expiration), and  

(ii) The respiratory pattern generator activity is modulated by the lung volume. 

 

In today’s experiment, two different models are proposed as the basis for 

modelling of the respiratory rhythm generator: “Van der Pol” and ‘’Lienard’’ 

that produce a harmonic oscillation similar to the one created by a spring. 

 

 

 
Figure. 1 
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Procedure:  

 
A) Spring Harmonic Oscillations  

 

1) Consider the spring-mass system in Figure 1. Find the differential 

equation describing the system balance of forces as a function of the mass 

displacement? 

2) What are the main parameters of the equation describing the system 

balance? 

3) Insert the differential equation in Berkely Madonna. Solve the equation 

using the software. Try to choose values of parameters that lead to a 

sinusoidal solution. 

 

 Figure. 2 
 

 

B) Breathing pattern (Van der Pol Oscillator) 

 

The Van der Pol system can be characterised by the following oscillator 

formula:  
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1) Suppose that y is the activity of respiratory nervous centres, and x is a 

hidden mathematical variable. Write now the new van der Pol oscillator 

applied to breathing. 

2) As indicated in the introduction section, replace P(t) by (A* [d(Va)/dt] ) in 

order to take into account the reflex effect of changes in lung volume on 

the respiratory centers.   Va is the alveolar volume. Write now the new 

van der Pol oscillator applied to breathing. 

3) As indicated in the introduction section (Figure. 1), the respiratory centres 

affect the alveolar volume via the variation of muscular activity that 

changes, itself, the pleural pressure.. However, this fact does not appear in 

the equation resulted in question ‘2. B’. Hence, the following equation is 

added: 

 

 
 

where Ppl, B, Va, E, R, ac are respectively: pleural pressure, a constant (cmH2O), 

alveolar volume, lung elastance, airway resistance and breathing central activity. 

Prove now, mathematically and physiologically, the derivation of the above first 

equation using the formula of pressure gradient you have learned in the 

modelling theoretical course.  

 

4) Insert the overall respiratory Van der Pol system (4 equations) in Berkely 

Madonna. Suppose : R (CMH2O.L ^-1.S) = 2, E (CMH2O.L^-1) = 10 and 

          B: 1. sketch the solutions of the system (ac, Va and Ppl). 

      5) Save your work. You will need it in the coming experiments.     
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C) Breathing pattern (Lienard System)  

 

Lienard systems are two-dimensional ordinary differential equations:  

 

dy/dt =x, 

 

dx/dt =−g(y) + xf(y), 
 

where f and g are polynomials. 

 

The use of Lienard systems is universal in biological modelling, especially for 

physiological processes. The proposed model of the central respiratory pattern 

generator is then defined by the following equations, where x is a hidden 

variable, y the activity of the respiratory rhythm generator, Valv the alveolar 

volume and HB a constant. This constant refers to the Hering–Breuer reflex 

triggered to prevent over-inflation of the lungs.  

 

 
 

f (x, y) corresponds to : 

 

 
 

The second term allows the effect of the mechanical system state on the central 

respiratory pattern generator to be taken into account. a, b and HB are 

respiratory parameters. The choice of a and b defines the form and the 

frequency of the respiratory oscillations. Moreover, to cover a higher range of 

respiratory frequencies, we can introduce a parameter α.  
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When y <0 (respectively, y >0), the oscillator is considered to be in inspiratory 

(respectively, expiratory) phase. 

 

As indicated in the introduction section (Figure. 1), the respiratory centres affect 

the alveolar volume via the variation of muscular activity that changes, itself, the 

pleural pressure. However, this fact does not appear in the equation resulted in 

the above formula. Hence, the following equations are added: 

 

 

 
1) Insert the overall system (4 equations) I Berkeley Madonna. Solve the 

system by sketching the central activity, the alveolar volume and the 

pleural pressure. Suppose: E= 6.62 mmHg/l, R=4.4 mmHg.s/l, init x= -

0.61, init y=0, a=-0.8, b=-3, HB=0.74, init Valv=0.65, λ= 1.1 mmHg, 

µ=1.03 mmHg . Choose a step_time=0.01sec. 

2)  Based on simulation outputs produced after a manipulation play of the 

value of α, find the mathematical relation between α and the breathing 

frequency (cycles/min).  

3) Simulate the system with a step_time= 8. Give your comments. 

4) Simulate the system with an initial values of x and y different than those 

in question ‘1. C’. Give your comments. 

5) Simulate the system with values of ‘a’ and ‘b’ different than those in 

question ‘1. C’. Give your comments. 

6) Change the value of R to simulate a normal breathing followed by an 

apnea. Apnea is the stop of breathing. 

7) Simulate a normal breathing followed by a physical exercise. 

8) Save your work. You will need it in the coming experiments.     
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EXPERIMENT 3 
Respiratory mechanics simulation 

 (Part 2: Artificial Mechanical Ventilation) 
 

Introduction: 
 

it is very interesting to develop a simulator capable of simulating different 

ventilator modes such as the controlled volume (CV) and the proportional assist 

ventilation (PAV); In this context, this experiment aims to develop an object-

oriented simulator via the modelling of the interaction between three elements: 

first, the respiratory pattern generator, second, the breathing mechanics, third, 

the ventilator mode (Figure 1). 

 

 
Procedure:  
 
 

When the patient is connected to the ventilator, the lung is submitted to the 

pressure of the ventilator and the respiratory muscles;  
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where Pvent , Pm and B are respectively: ventilator pressure, respiratory muscles 

pressure and a constant (cmH2O). 

 

a) Controlled Volume (CV):  
 

Controlled-volume mechanical ventilation is delivered with a constant 

inspiratory flow, resulting in increasing airway pressure through inspiration. To 

maintain this fixed gas flow the pressure must rise through inspiration.  

 

- Replace, (in the inspiration phase) the term of the Van der Pol system 

related to flow by a constant. In the expiration phase Pvent =0. Solve the 

system via Berkeley Madonna by sketching the breathing central activity, 

alveolar volume, gas flow and muscular pressure. You can use the same 

parameter values of Van der Pol in the previous experiment. However, 

additional parameters to be adjusted in the interface are the time of 

artificial inspiration, the time of expiration, the time of pause between 

inspiration and expiration (if necessary) and the preset airflow. 

- Give your comments about whether the ventilation mode is adapted to the 

subject (simulated by the used parameters).  

- Sketch the stability loop of: central activity vs. alveolar volume and give 

your comments. 

  

b) Proportional Assist Ventilation (PAV)  
 

Proportional assist ventilation is a mode in which the ventilator guarantees a 

percentage of work. The ventilator varies the tidal volume and pressure based on 

the patient work of breathing. The amount it delivers is proportional to the 

percentage of assistance it is set to give, as well as to the flow and instant 

volume the patient breathes in. In this mode:  

  

 
 

where θ is the percentage level of assistance. 

 

- Solve the system by sketching the breathing central activity, alveolar 

volume, gas flow and muscular pressure. You can use the same parameter 

values of Van der Pol in the previous experiment. However, additional 

parameters to be adjusted in the interface are Parameters to be adjusted 

are the inspiratory flow trigger, the expiratory flow trigger and θ. 
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- Give your comments about whether the ventilation mode is adapted to the 

subject (simulated by the used parameters). 

- Sketch the stability loop of: central activity vs. alveolar volume and give 

your comments. 
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EXPERIMENT 4 
Respiratory mechanics simulation 

 (Part 3: Respiratory pathology) 

 
Introduction: 
 

Statistical data indicates that the respiratory diseases are diversifying through 

years. Consequently, manufacturers must provide ventilators adapted to different 

pathologies and to patient's request. However, each new prototype should be 

validated and must present a real original contribution compared to existing 

ventilators. Demonstrating the effectiveness of the ventilator as well as the used 

ventilatory modes necessitates the presence of several patients suffering from 

various pathologies. To overcome this constraint, it is very interesting to 

develop a simulator capable of simulating: on one hand, different ventilator 

modes; on the other hand, different types of diseases such as the chronic 

obstructive pulmonary disease (BPCO), the fibrosis and the neuromuscular 

problems.  

 

Procedure:  

 
a) Adapting Controlled Volume (CV) to pathologies  

 

1) Re-apply the model of CV to the pathologies presented in table. 1. 

2) Sketch every time the stability loop of: central activity vs. alveolar 

volume   and give your comments. 

3) Study the sensitivity of the model to the parameter values and give your 

comments. 

4) Export the alveolar volume curve values related to one of the previous 

achieved simulations. Change then slightly the elastance value, and try to 

re-fit the model to the exported curve. Find now the best value of E 

related to the fitting. What is your conclusion?  

 

b) Adapting Proportional Assist Ventilation (PAV) to pathologies  
 

1) Re-apply the model of PAV to the pathologies presented in table. 1. 

2) Sketch every time the stability loop of: central activity vs. alveolar 

volume   and give your comments.  
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3) Study the sensitivity of the model to the parameter values and give your 

comments. 

 

c) Overall assessment  
 

What is the most pertinent ventilation mode for every simulated pathology? 

Why?  
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EXPERIMENT 5 
Cardiovascular mechanics simulation 

(Part 1: Cardiac wave generator) 

 
Introduction: 
 

Cardiac mechanical activity is represented in this experiment by the periodic 

(cardiac frequency, Fc) changes of intra-thoracic blood volume. In every cardiac 

cycle, intra-thoracic blood volume varies with amplitude equal to the stroke 

volume. In a heart cycle (cardiac period), there are two phases: filling until the 

onset of ejection (Tej) and ejection. Between t=0 and Tej, the simulated intra-

thoracic blood volume (Vlv) increases linearly with time from 0 to stroke volume 

(Vstr). Between Tej and Tc, simulated intra-thoracic blood volume decreases 

linearly with time from Vstr to 0. The shape of the generated cardiac wave is 

then triangular. 

This experiment takes also into account left ventricle (LV) stroke volume 

modulation during respiration and the fact that LV stroke volume lies within 

[0.08 0.2] * Tidal Volume. Ranges of physiological respiratory-to-cardiac 

frequency ratios are respected (3Fr<Fc<8Fr).  

 

 

Procedure:  

 
1) Simulate the intra-thoracic blood volume curve (several cycle) following 

the information in the introduction section. The parameters are: cardiac 

period Tc =1/Fc; Tej = Tc*3/4; Fc = 1; Vstr = 0.15. Start, end and step times 

are: 0, 100 and 0.01 respectively. 

2) What is the maximum stepsize after which the simulation is wrong 
3) Export the simulated cardiac wave values. Change then the heart rate 

value from 1 to 2. Next, re-fit the new model to the exported wave to find 

the heart rate parameter value (use the curve fit option). What is the 

value? Why? 
4) Solve the previous question manually using the option ‘’slider’’. Do you 

find the same heart rate parameter value?   
5) Simulate a regular cardiac activity followed by an exercise. 
6) The variation of thoracic volume (rib cage) is induced by the changes in 

alveolar volume and changes in intra-thoracic blood volume. Add the 
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‘’Lienard’’ module to your model and sketch the rib cage volume curve. 

a, b, HB, µ and l  are: -0.8, -3, 1 , 1.1 and 1.03 respectively. 

7) Simulate the model taking into accounts the physiological facts of Stroke 

volume modulation due to respiration (decrease during inspiration and 

increase during expiration) as well as frequency modulation (increase 

during inspiration and decrease during expiration). Stick to the range of 

stroke volume mentioned in the introduction system. Furthermore, impose 

a limit on the stroke volume (limit = 0.15L). 
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EXPERIMENT 6 
Cardiovascular mechanics simulation 

             (Part 2: Cardio-pulmonary interactions) 

 

 

Introduction: 
 

In the model to be simulated in this experiment, The CVS is divided into a series 

of elastic chambers separated by resistances: each elastic chamber (left and right 

ventricles, aorta, vena cava, pulmonary artery, pulmonary vein, pericardium) is 

modelled with its own pressure–volume relationship. 

 

The model intends to simulate the essential haemodynamics of the CVS 

including the heart, the pulmonary and systemic circulation systems, ventricular 

interaction and valve dynamics. Atria are not designed in the model (Figure. 1).  

 

 
 

The interaction between the two models (haemodynamic system and respiratory 

system) is carried out by the pleural pressure (Ppl) and the intrathoracic volume 

(Vbth) (Figure. 2). On one hand, Ppl, calculated by the respiratory system, is 

inserted into the CVS at the pericardium level, so as to act on the right and left 
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ventricle surfaces. Moreover, pleural pressure has an influence on the pulmonary 

vein and artery pressures, not only on the pericardium. Pleural pressure is not 

applied directly on the inferior vena cava and atria. Equations of the CVS model 

defining the pulmonary vein and artery pressures (Ppu, Ppa) are modified, by 

inserting Ppl.  

 

 
 

Ees,x corresponds to the elastance, Vd,x to the volume at zero pressure and Vx to 

the volume, for x representing either the pulmonary artery (pa) or the pulmonary 

vein (pu). 

The volume of intrathoracic blood (Vbth) is now defined as the sum of the 

pericardium blood volume (Vpcd), pulmonary vein and artery blood volumes 

(Vpu and Vpa), all volumes calculated by the cardiovascular model. 

 

                                         

 

 

 
 

V_RC, which is the rib cage volume is therefore the sum of two volumes 

influenced by the pleural pressure.  

 

On the other hand, the resultant rib cage volume, in its turn, influences the 

pleural pressure. 

 

 
 

Rca and Rua are central and upper airways resistance values, respectively. 
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The black thick and black dotted arrows refer to the phrenic and vagus nerves, 

respectively. 

 

Procedure: 
 

1) Open the file ‘’CP_interactions’’ saved on the desktop. 

2) Read very carefully the model and the sub-modules. 

3) Based on the equations, what are the CVS organs or parts influenced by 

the breathing (Ppl)? 

4) Prove, using the elastance equation studied in the theoretical course, that 

the above equations of Ppu , Ppa and Ppl are correct. 

5) Run the model via Berkeley Madonna using RK4 then using Rosenbrock 

(Stiff). What is the most pertinent method? Why? 

6) After running the model, visualize the curves showing CP interactions.  

7) Use the Fourier spectrum option to sketch the frequencies inherent in Vlv 

(left ventricle volume) and Valv. One of the peaks in the spectrum of Vlv is 

coherent with the largest one in Valv. Why? 

8) Use the Fourier spectrum option to sketch the frequencies inherent in Vlv 

(left ventricle volume) and Valv. One of the peaks in the spectrum of Valv 

is coherent with the largest one in Vlv. Why? 

9) Sketch one or two curves showing the effect of aorta rigidity on CP 

interaction. What is the parameter that you have changed? 
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10) Sketch one or two curves showing the effect of pulmonary vein 

rigidity on CP interaction. What is the parameter that you have changed? 

11) Sketch one or two curves showing the effect of cardiac septum 

rigidity on CP interaction. What is the parameter that you have changed? 

12) What is the reason of imposing limits on the values of simulated 

flows (at the end of the model ‘’CP_interactions’’). 

13) What is the reason of fluctuations in the simulated curve of  Ppl ?  

14) Sketch two variables that help illustrate the effect of breathing on 

Stroke volume and heart rate. 

15) Use table 1 in experiment 4 to show the effect of respiratory 

pathologies on CP interactions. Justify your answers by sketching 

indicative curves. 
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EXPERIMENT 7 
Model of Glucose/Insulin balance  

 

Introduction: 

 

Intravenous glucose tolerance test is a test in which glucose, the major simple 

sugar in the body, is given through an IV to test how well the body responds by 

releasing insulin into the blood and, in turn, how well the body responds to 

insulin. Sometimes the test is modified by giving glucose followed by either a 

drug that further increases insulin release or by actually giving insulin. The 

response to that insulin is then monitored by changes in the glucose and insulin 

concentrations in the blood and then analyzed using a computer program. 

Because type 2 diabetes results from a combination of limited insulin release in 

response to glucose and reduced tissue responsiveness to insulin, this test can 

give an idea of just how severe the alterations are in a given person. The method 

is often used to test for resistance to insulin and the ability to reduce insulin in 

people who have or are at risk for conditions besides diabetes, like high blood 

pressure or certain kinds of heart problems. The method can also be used to test 

how well a treatment improves insulin resistance or insulin secretion, both in 

people with or without diabetes.  

 

The developed model is: 

 

 
 

 
 

 

 

Procedure: 

 

1) Create a SIMULINK model. Simulate it with 1-minute interpolated (see e.g. 

interp1) plasma insulin data I from the following table, acting as input from 
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Matlab workspace, together with the glucose injection at time 0 min of 30 grams 

of glucose into a distribution volume V of 5.45 l (inserted from workspace), to 

produce the glucose response data.. The parameters are: p1 = 0.0308, p2 = 

0.0209 and p3 = 1.06 × 10−5. 

 

2) Sketch the glucose response (G(t)). 

3) Sketch the remote insulin curve (X(t)). 

4) What is the steady state value of glucose response? 

5) What is the steady state value of remote insulin curve?  

 

 

 
 

5) If the sensitivity of the test is calculated as: 

, 

can you find its formula as a function of used parameters? 
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EXPERIMENT 8 
Steady state and dynamic analysis 

 
Procedure (part 1): 

 

Consider a physiological system "PH_SYS_ABC" that has 3 interactive 

components or sub-systems A, B and C. The relationship between the outputs of 

PH_A and PH_B is:    

 

( )

( )55

5

_*3)2(

_*1
1_

APHcc

APHc
BPH

+
−=

 
                                

C1, C2 and C3 are: 1, 0.5 and 1 respectively. 

The relationship between the outputs of PH_B and PH_C is: 

    

 
)_*5(*_*4_ BPHc

eBPHcCPH =
 

 

 

C4 and C5 are: 0.6 and 0.5 respectively. 

The relationship between the outputs of PH_C and PH_A is:    

 

PH_A = gain * PH_C 

 

Gain is: 1  

 

1) Implement the three system components.  

For simplicity, scale all variables PH_A, PH_B and PH_C to their 

corresponding maximum values, so the scaled variables will range between 0 

and 1. 

 

2) Since this SIMULINK implementation solves the system of equations in an 

iterative fashion (to find the operating point of the system); an initial guess of 

the solution has to be made. In our case, it is achieved by a pulse addition: 

Introduce an initial "pulse" into the closed loop (to be added to the output of B). 

The pulse duration is 15s larger than the simulation time. The magnitude of the 
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pulse is arbitrary (e.g. 1). The duty cycle is 0.75%.  Now, consider the 

summation of the pulse and the output of B as input of C 

 

3) Sketch the evolution of PH_B over time (150s minimum). 

 

4) Sketch PH_B vs. PH_A 

 

5) What do you notice about the first plot (or curve profile)? Explain why. 

 

6) What are the initial and final values in the first plot? What do they correspond 

to? 

  

7) What do you notice about the second plot (or curve profile)? Explain why. 

 

8) What are the initial and final values in the second plot? What do they 

correspond to? 

 

9) Are the results consistent with your expectations? Why? 

 

 

Procedure (part 2): 

 

1) Build a SIMULINK model that solves the differential equation of 2nd-

order mass-spring-damper system. Input f(t) is a step force with magnitude 3. 

Output is mass displacement. Parameters: m = 0.25 (mass), R = 0.5 (friction), k 

= 1 (spring). 

2) Solve the model via SIMULINK. 

3) What is the type of damping? 

4) What is the value of the overshoot? 

5) What is the final steady state value? 

6) What is the gain of this system (output/input)? 

7) Re-sketch the output after changing the type of input from step to impulse 

function. 

8) Give 3 other suggested cases (with different parameter values) that lead to 

the remaining three types of damping. Sketch the results.  
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EXPERIMENT 9 
State-Space model 

(Blood doping) 
 

Introduction: 

 

Everyday new red blood cells are released from the bone marrow into the 

peripheral circulation, and in steady-state the same number of depleted RBC are 

cleared by the spleen. This is called blood doping.  

 

Procedure: 

 

Assume that: 

- The average lifespan of an RBC is 120 days. 

- The cleared amount between two days k and k−1 is a constant fraction f of 

the total cell population R(k−1) at day k − 1. 

-  The cell population R(k) is Rref  [trillion cells] at steady state. 

-  The rate of production r(k) [trillion cells/day] is controlled by the level of 

erythropoietin u(k) [Units/ml] according to the outlined dynamics below. 

- Changes in the erythropoietin level do not fully affect the production rate 

directly, but the production rate r(k) is partly dependent on the production 

rate the previous day r(k − 1)).  

- The system dynamics are therefore:  

 

            
 

The above equations are the difference equations for the red blood cell 

population R(k) and the production rate r(k) for 100 days with a level of 

erythropoietin at 0.025 Units/ml, but it is artificially elevated to the double 

normal level by injections for 20 consecutive days between day 21 and 40. 

 

 

1) Create the function u(k) by MATLAB. 
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2) Assume that we are at steady state with a total cell population Rref of 120 

× 0.25 trillion cells. Create a discrete State-space SIMULINK model : 

 

 
 

 and simulate the system. 

 

3) What are the matrices values you have selected? 

4) What are the initial values you have injected in the model? 

5) Sketch u(k), production rate and population by SIMULINK. 

6) Give your comments about the simulated values related to the days from 

21- 40.  


