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This paper presents a modeling approach to characterize two peristaltic pumps using nonlinear regres-
sion. Accuracy tests were performed by varying the height level of the pump with respect to the vessel, 
and it was found to have no effect on the flow rate. Filling data was recorded for 300 ml considering 
the voltage applied to the pumps and the filling time. A least squares curve fitting was performed with 
the recorded data. The exponential model was determined to be the most accurate for the two pumps, 
and using a simple rule of three, the equation for each desired volume was found. Finally, filling tests 
were performed to compare the model data with the real data. The coefficient of determination of the 
model for the first pump was 0.9875 and for the second pump was 0.9956. It can be concluded that 
the models are accurate, which is also confirmed in the comparative filling tests, where an assertiveness 
of more than 99% was demonstrated in all the tests performed. It is proposed to extend the studies 
on the use of this mathematical method as an alternative in the non-invasive control of fluids whose 
instruments must be handled in a sterile manner.

Este artículo presenta un modelamiento para la caracterización de dos bombas peristálticas utilizando re-
gresión no lineal. Se realizaron pruebas de precisión variando el nivel de altura de la bomba respecto al 
recipiente y se concluye que esto no influye en la rapidez del flujo. Se tomaron datos de llenado para 300ml 
teniendo en cuenta el voltaje aplicado a las bombas y el tiempo de llenado. Con los datos registrados se 
realizó ajuste de curvas por mínimos cuadrados determinando el modelo exponencial como el más acertado 
para las dos bombas y aplicando regla de tres simple se halló la ecuación para cualquier volumen solicitado. 
Finalmente se realizaron pruebas de llenado para comparar los datos del modelo con datos reales. El coe-
ficiente de determinación del modelo de la primera bomba fue de 0,9875 y para la segunda fue de 0,9956 
concluyendo que los modelos son acertados, lo cual se reitera en las pruebas de llenado comparativas 
donde se evidencia un asertividad superior a 99% en todas las pruebas realizadas. Se sugiere ampliar las 
investigaciones en el uso de este método matemático como alternativa en el control no invasivo de fluidos 
cuyos instrumentos requieran un tratamiento estéril.

1Department of Electricity and Electronics, Universidad Francisco de Paula de Santander, Cúcuta, Colombia   
2Department of Environmental Sciences, Universidad Francisco de Paula de Santander, Cúcuta, Colombia

https://orcid.org/0000-0002-2253-9221
https://orcid.org/0000-0003-3749-676X
https://orcid.org/0000-0002-2328-8006


Ingeniería y Competitividad, 2024 vol 26(1) e-21412943/ enero-abril 2 /18
doi:  10.25100/iyc.v26i1.12943

Nonlinear regression for the characterization of peristaltic pumps, an alternative in the control of biological fluids

Why was the study carried out?
The research arose from the need to have an alternative for the non-invasive control of fluids whose 
instruments must be treated sterilely.

What were the main results?
Two peristaltic pumps were characterised using non-linear regression for flow modelling. When perfor-
ming comparative tests for filling control, all errors were below 1%.

What are the benefits of these results?
These results open up a range of possibilities in the control of fluids that require sterile handling, in-
creasing accuracy and avoiding the use of expensive sensors and instrumentation.
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Introduction
Peristaltic pumps are hydraulic. They pump fluids by displacement through flexible 
tubes or hoses located inside the pump housing. These pumps are used for transporting 
biological fluids, pumping substances such as acids, creams, emulsions, in laboratories 
and processes with small flow rates (1). There have been several studies on this subject. 
López (2), for example, developed a peristaltic pump based on stepper motors. Díaz 
(3) characterized two peristaltic pumps controlled by a DC motor and a stepper motor, 
as well as a diaphragm pump, and Moraes (4) developed flow control for peristaltic 
pumps using an Arduino platform and a flow sensor. Several investigations have 
been carried out in the mathematical modeling of peristaltic pumps (5-8).  Several 
investigations have been carried out in the mathematical modeling of peristaltic pumps 
(5-8). Peristaltic pumps require sterile tubing in most cases due to the fluids being 
transported. Therefore, characterization of peristaltic pumps using nonlinear regression 
(9), a least squares curve fitting method, is presented as an alternative. The application 
of this mathematical modeling has yielded excellent results in several studies. Velasquez 
(10), for example, used three nonlinear regressions to predict Mackey-Glass time series. 
Cobos et al. (11) compared the results of heuristic techniques ABC Artificial Bee Colony 
and PSO Particle Swarm Optimization used for parameter estimation of nonlinear 
regression models. Galeano and Cerón (12) modeled of Lohmann LSL chicken growth 
using neural networks and nonlinear regression models. Vera et al, (13) used nonlinear 
regression in modeling a solar panel. Finally, it is important to note that it was one of the 
mathematical methods used to study the pandemic caused by Covid-19 (14–18).

Materials and methods

A descriptive and applied methodology was used to develop the research, as shown in 
Figure 1.

Figure 1. Methodology used in the project

https://www.researchgate.net/publication/332553328_Bomba_peristaltica_con_cabezal_tipo_rodamiento_y_portamanguera_para_desgaste_reducido
https://idus.us.es/handle/11441/36281
https://repositorio.uniandes.edu.co/handle/1992/39535
https://repository.uaeh.edu.mx/revistas/index.php/icbi/article/view/8896
https://www.dspace.espol.edu.ec/handle/123456789/57631 
https://repository.uaeh.edu.mx/revistas/index.php/icbi/article/view/8896
https://www.dspace.espol.edu.ec/handle/123456789/57631 
https://doi.org/10.15517/rmta.v21i1.14141
https://doi.org/10.21897/rmvz.158
https://doi.org/10.19053/20278306.v8.n2.2018.7972
https://doi.org/10.18041/1909-2458/ingeniare.29.7434
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Peristaltic pumps are used that have potentiometers for voltage variation which modifies 

the flow intensity. Data collection begins with a precision test that varies the vertical 
position of the pump with respect to the fill tank, as shown in Figure 2. 

Figure 2. Pump levels for precision testing

The purpose of this test is to analyze the effect of this variation in fluid velocity to 
determine if this changes the performance of the pumps and if so, to include this 
variable in the mathematical analysis.

The pump is placed above the level of the vessel as shown in Figure 2(a), then at the 
same level as shown in Figure 2(b), and finally, the pump is placed at a lower level than 
the vessel, as shown in Figure 2(c).

Data were collected for filling 300 ml of water with the two pumps by changing 
the voltage and recording the time in seconds. With this data, we proceed with 
mathematical modeling using nonlinear regression. Curve fitting is performed and the 
modeling is repeated until the best results are found. Exponential, polynomial, potential, 
and Gaussian models were developed, with the exponential model being the most 
successful. Filling tests are performed with the obtained models and the model times are 
compared with the real times.

Results and discussion
The accuracy test shown in Figure 2 indicated that the height of the pump with respect 
to the container did not change the behavior of the liquid. We then plotted the data for 
300 ml by plotting the voltage against time, as shown in Figure 3.

Figure 3. Voltage versus time data acquisition
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With the above data, a nonlinear regression model is developed using academic software. 
Exponential, Gaussian and quadratic modeling is performed, with the exponential model 
yielding the best results. Figure 4 shows the model developed for each pump.

Figure 4. Modeling using nonlinear regression

The purpose of the study is to determine the time required for each pump to fill a certain 
amount of volume according to the applied voltage. After performing a dimensional 
analysis [19], the dependent variable is time (t) and the independent variable is voltage (v).

The applied exponential model obtained a coefficient of determination of 0.9875 for 
pump 1 and 0.9956 for pump 2. The model for pump 1 is described by Eq (1). 

 (1)

The model of the second pump is described by Eq (2).

 (2)

Finally, for each model, a simple rule of three was used to find an Eq (3) for each desired 
filling volume, as follows:

 (3)

 is the time for any volume v, and t(300ml) is the filling time of 300 ml found with the 
developed exponential models. Applying Eq (1) and Eq (2) in Eq (3), we have Eq (4) and Eq 
(5), for each pump respectively.

 (4)

 (5)

Considering that the peristaltic pumps used have variable voltage, the flow rate will be 
variable and is defined by Eq (6).

 (6)

Applying Eq (4) and Eq (5) to Eq (6), we have Eq (7) and Eq (8) for the flow rate of each 
pump as a function of applied voltage.

 (7)
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  (8)

By performing fill tests for different volumes and comparing the time required with the 
model time, the errors in each test were calculated. The average errors for all tests were 
then calculated and the results shown in Table 2 were obtained.

Table 2. Average errors in all tests

Volume 
Pump 1(v)

Average 
error 
(%)

Volume 
Pump 2(v)

Average 
error 
(%)

200ml 0,52 200ml 0,79

400ml 0,43 400ml 0,59

800ml 0,64 800ml 0,38

1000ml 0,63 1000ml 0,78

1200ml 0,74 1200ml 0,29

1400ml 0,53 1400ml 0,67

1600ml 0,72 1600ml 0,34

1800ml 0,82 1800ml 0,52

2000ml 0,99 2000ml 0,41

Average errors of less than 1% are evident in all tests.

Conclusions

The accuracy test showed that varying the pump head with respect to the container 
does not change the fluid velocity. This facilitates modeling by not having to include 
another variable in the analysis. The measures of determination showed accurate 
modeling for the two peristaltic pumps, with the exponential model being the most 
accurate. The models had an assertiveness greater than 99%, as the average errors 
were less than 1% in all tests. Nonlinear regression is an effective mathematical model 
for characterizing peristaltic pumps whose use does not require sterile flow sensors, 
which can be expensive. Clarification of the formula using the simple rule of three to 
determine the filling time of any volume, with modeling performed only for 300 ml, 
shows that the filling volume is a variable that varies linearly and proportionally to the 
models developed. It is proposed to expand research on the use of nonlinear regression 
as an alternative for the control of biological fluids when the use of sterile instruments is 
required.
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