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Abstract This paper compares a mechanical and an optical method for pressure monitoring and occlusion detection in the 

tubing of infusion pumps used to deliver fluids, medications and nutrients to patients. A prototype infusion pump was designed 

and built and measuring systems for both methods were set up. Data was obtained and sensors where analyzed in terms of 

threshold, linearity, hysteresis and sensitivity. Experimental results show that the optical sensor presents better performance with 

a lower threshold, increased linearity and lower hysteresis. Sensitivity was found identical for both sensors. Initial experiments 

indicates that the optical sensor can detect the presence and correct instalation of the tubing in the pump, occurence of air bub-

bles (air in-line) and color variations in the infused solution, which points out to future research directions in a larger project. 

Keywords Embeded systems, Infusion pumps, Pressure sensor, Occlusion detection. 

Resumo Este artigo compara um método mecânico e um método óptico para monitoramento de pressão e detecção de oclusão 

no equipo de bombas de infusão utilizadas para fornecer fluidos, medicamentos e nutrientes a pacientes. Um protótipo de bomba 

de infusão foi projetado e construído e sistemas de medição para ambos os métodos foram montados. Dados foram obtidos e os 

sensores analisados em termos de limiar, linearidade, histerese e sensibilidade. Os resultados experimentais mostraram que o 

sensor óptico apresenta um melhor desempenho com menor limiar, maior linearidade e menor histerese. A sensibilidade encon-

trada para ambos foi a mesma. Experimentos iniciais indicam que o sensor óptico pode detectar a presença e correta instalação 

do equipo na bomba de infusão, a ocorrência de bolhas de ar (air in-line) e variações de cor na solução infundida, que apontam 

para trabalhos futuros em um projeto maior. 

Palavras-chave Sistemas embarcados, Bombas de infusão, Sensor de pressão, Detecção de oclusão.

1    Introduction 

When in a medical treatment, fluids, medications and 

nutrients are introduced directly in the circulatory 

system, this procces is called infusion. It is used 

when a liquid should be administered at precisely 

controlled rates, either continuously (as anesthetics 

and chemotherapy) or in a intermittent way (as anti-

biotics). Infusion pumps are medical devices that aim 

to regulate the flow of liquids into the patient under 

positive pressure generated by the pump to overcome 

resistance to flow. This resistance to flow is usually 

caused by maximum (adult/neonatal) blood pressure, 

line length, diameter of the cannula, filters and addi-

tional components found in the tubing of the infusion 

administration set, according to MHRA (2010). 

To keep the precise delivery of fluids to the pa-

tient, any occlusion (mechanical obstruction) of the 

administration set, either total or partial, should be 

prevented or detected and treated in the shortest pos-

sible time. These may occur due to kinked or pinched 

tubing, chemical precipitation among other potential 

causes (Butterfield, 2010). Patient safety requires the 

activation of an audible alarm and termination of the 

infusion flow at a given occlusion alarm pressure 

(ABNT, 1999). Failure or delay in the detection can 

cause a health risk for the patient since it may stop 

the prescription (delay of therapy) or cause incorrect 

dosage (overdose or underdose). Although occlusion 

detection is a critical system, since every infusion 

device uses proprietary technology, there are very 

few instances of technical literature that are con-

cerned with its technical tradeoffs (Brasil, 2010), 

which is something this paper tries to address.  

Infusion pumps demand precise delivery of flu-

ids. However, current standards do not establish a 

maximum pressure that should generate an alarm.  

Neither does it give an explicit time limit for the sys-

tem to alarm and stop the infusion. ABNT (1999) 

only states that the device under conditions of total 

occlusion shall not produce a maximum infusion 

pressure capable of causing a rupture or leak in the 

administration set. Hence, occlusion alarm pressure 

thresholds are specified exclusively by the manufac-

turer. Also those values can change according to the 

infusion application (Ilan et al., 2008). To prevent 

disconnection of the administration set, pressure 

should be smaller than 1,034 mmHg. In most venous 
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applications, infusion pressures below 207 mmHg are 

sufficient. For epidurals lines, pressures around 

517 mmHg are required. Neonatal applications re-

quire values below 103 mmHg. The possibility to 

configure the minimum occlusion pressure with the 

required flow minimizes time to alarm and post-

occlusion bolus (Ilan et al., 2008; Abrantes et al., 

2015). 

Occlusion detection in infusion systems relies on 

pressure measurements on a section of the tubing 

downstream to the pumping mechanism (Butterfield, 

2010). Generally, it uses sensors where the first stage 

of signal transduction makes physical contact with 

the tubing. According to infusion pumps patents, 

catalogs and technical specifications (Kobayashi, 

1983; Glenview, 1983; Williams, 1988; Daoud et al., 

1992; Olsen, 1997; Cole et al., 1999; Platt et al., 

2003; Flaherty, 2011; Honeywell, 2013; Hospira, 

n.d.; Abrantes et al., 2015), main physical principles 

at work involve the displacement of a sensing ele-

ment and its action over another transducer to gener-

ate an electrical signal. This transducer may be based 

on resistance or impedance variation, piezoresistance 

or Hall effect. Constructive aspects vary for each 

manufacturer and sometimes are treated as industrial 

secret.  

A non-contact alternative is shown, e.g., in Davis 

et al. (2000) and Malmstrom et al. (2003) where the 

pressure/occlusion sensor is optical. A light emitter/ 

light sensor pair is mounted at a respective angle, 

with regard to a longitudinal or transversal line to the 

tubing. As the tubing expands and contracts due to 

pressure within, the amount of light increases or de-

creases at a known ratio. 

This paper is organized as follows: Section 2 ex-

plains the designed infusion prototype and the meas-

urement setup. Sections 3 and 4 review the two pres-

sure sensors that were tested. Section 5 shows the 

measurement results. Finally, Section 6 presents the 

conclusion and future research. 

2   Infusion pump protoype 

An infusion pump prototype was designed and built 

to evaluate the performances of the two types of sen-

sors through their static and dynamic characteristics. 

Fig. 1 shows the infusion pump prototype with the 

disposable administration set installed. In the dashed 

areas we have: a) power supply; b)  power stage; 

c) PI controller; d) signal conditioning circuits; e) 

microcontroller; f) motor; g) gear box; h) velocity 

sensor; i) infusion mechanism; and j) plane base of 

Nylon. 

The linear peristaltic infusion mechanism was 

provided by a manufacturer of commercial infusion 

pumps without any of its electronic, sensor and driv-

ing parts. It basically includes: an access door with 

elements to press and fix the tubing of the administra-

tion set, including a stop for the finger-type peristaltic 

actuator in its center, and a fixed part containing a 

housing structure to load the tubing and the finger-

type peristaltic actuator used to pump the infusion 

liquid.  

 

 

Figure 1. Infusion pump prototype. 

The sensors to be compared were installed inside 

the fixed part of the infusion mechanism, downstream 

of the peristaltic actuator, in the same position rela-

tive to the tubing, one at a time. The positioning of 

the sensor under test is shown in Fig. 2. 

 

 

Figure 2. Positioning of the sensor under test in the                  

infusion mechanism. 

 

A piezoresistive pressure gauge with 3 ½ digits, 

range of 0 to 30 psi (0 to 1,551 mmHg) and error 

band of ± 0,25% FSO installed at the end of the ad-

ministration set tubing was used as standard for cali-

bration. This way, the sensor under test obtains the 

static pressure in the flexible wall of the tubing and 

the pressure gauge, the dynamic pressure imposed on 

the infusion liquid. Different signal conditioning cir-

cuits were designed to adjust the output signal of 

each sensor to data acquisition and further pro-

cessing.  

A block diagram of the infusion pump build is 

shown in Fig. 3. The actuation channel is composed 

by the flow rate of reference, adder, power stage, 

motor, gear box and infusion mechanism. Measuring 

channel is composed by the sensor under test, pres-

sure gauge, its respective signal conditioning circuits, 

a microcontroller for data acquisition and a computer 

for visualization and analysis.  
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Figure 3. Block diagram of the infusion pump. 

 

3   Contact pressure sensor 

The first pressure sensor (with contact) uses a simple 

flat spring, fixed at one end and free at the other, and 

a Hall sensor properly spaced from the flat spring 

(Fig. 4).  Variations of the static pressure in the infu-

sion fluid generate a mechanical deformation (expan-

sion and contraction) of the tubing that shif magnet 

position generating a corresponding electrical signal. 

 

 

Figure 4. Side view cut from contact pressure sensor. 

Actually, the tubing is the first stage of transduc-

tion, i.e., it is the sensor element of the transducer, 

the flat spring is the second and the Hall sensor, the 

third (Fig. 5). The measurand is the static pressure 

(P) of the infusion liquid, the output is the voltage 

(V) and the internal variables are, respectively, the 

mechanical deformation (MD) of the tubing and the 

angular displacement (AD) of the flat spring. 

In this sensor, the first two transduction stages 

cause mechanical loading. The tubing has physical 

caracteristics such as its elasticity which shoud be 

carefully considered, and the flat sprig need perma-

nent physical contact with the tubing (which will re-

quire adjustement throughout the operation life of the 

device). With this setup, a certain amount of pressure 

is necessary to overcome the mechanical resistance of 

the spring. Reduction of the loading is possible by 

improving the manufacturing process and also 

through the use of new materials. 

 

 

Figure 5. Schematic diagram of the contact pressure sensor. 

Sensor performance may be affected by several 

conditions: bad positioning of the flat spring on the 

available length of the tubing, initial absence of phys-

ical contact of the flat spring with the tubing, changes 

in the elastic characteristics of the flat spring in the c 

ourse of its life, variations in the coefficient of elas-

ticity and dimensions of the flat spring for each sen-

sor built, bad positioning of the Hall sensor relative 

to the flat spring sensor and variations of the excita-

tion voltage of the Hall sensor (e.g. by temperature 

and component aging). 

4   Non-contact pressure sensor 

To overcome the loading effect presented by the se-

cond stage of transduction of the contact pressure 

sensor and other problems previously shown, a non-

contact sensor based on phototransistor ca be used. A 

light emitter and a light detector were installed in a 

180 degree angle, with respect to a transversal line to 

the tubing. To perform the sensor alignment the ad-

ministration set tubing was load into the housing 
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structure and the opening door closed, so that the line 

tangent to the tubing was in the line of sight between 

the emitter and the optical sensor. An adhesive layer 

was used to assure the permanence of the sensor in 

the right position. Protection against external light 

was also provided. 

Fig. 6 shows an image obtained from a 3 mm di-

ameter opening in the tube used to install the light 

detector. Light emitter is seen in the opposing wall 

with the tubing located transversally between them. 

It’s possible to see the expansion of the tubbing for a 

pressure variation in the range of 0 to 1,034 mmHg. 

 

 

Figure 6. Detail of the tubing expansion seen by the optical sen-

sor. 

a) Without expansion (0 mmHg).                                                    

b) With total expansion of the tubing (1,034 mmHg). 

5   Measurement results 

Occlusion alarm calibration is performed under total 

occlusion of the infusion set (ABNT, 1999). Pressure 

measurements under total occlusion were made in 

laboratory to evaluate the sensors described above in 

conditions as close to real as possible.  Calibration 

curves relating the sensors response to reference 

pressure transducer were obtained. All tests occurred 

under normal condition of temperature, relative hu-

midity and atmospheric pressure - (20  2) °C, 

(65  5) % and (1,015  5) hPa. Test setup is shown 

in Fig. 7. 

 

 

Figure 7. Test setup for the occlusion sensors. 

Results have shown that there are three major 

performance characteristics affecting the overall sys-

tem efficiency: threshold, linearity and hysteresis. 

This makes the comparison of the two sensors rea-

sonable and almost independent of other performance 

characteristics, excluding the mounting effects. For 

each sensor used in the prototype one is required to 

find the threshold which gives the amount of pressure 

change that causes it to react with a change in the 

output. This defines the dynamic range of the system 

since the maximum pressure value to be measured is 

1,034 mmHg. Threshold also depends on the distance 

between the tubing and flat spring (for the contact 

sensor) and the position between the tubing and emit-

ter-receptor pair (for the non-contact one). Experi-

mental results for threshold, linearity (least squares 

method) and sensitivity are shown in Fig. 8 and Fig. 9 

where pressure was increased from 0 to 

1,034 mmHg. As expected, the performance of the 

system with non-contact sensor is significantly better 

due to the absence of loading while sensitivity was 

identical for both sensors. 

 

 

Figure 8. Calibration curve of the contact pressure sensor. 

 

 

Figure 9. Calibration curve of the non-contact pressure sensor. 

In the contact sensor it was verified that the load-

ing effect of the flat sprig over the tubing segment 
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requires a large amount of energy to begin its dis-

placement. Furthermore, the linearity is higher at the 

lower half of the dynamic range and degrades with 

the increased mechanical strain of the flat spring. 

Experimental results for hysteresis are shown in 

Fig. 10 and Fig. 11. In the contact pressure sensor a 

much higher variation can be observed at the right 

end of the curve basically due to two reasons: first, 

the loading effect of the flat spring; second, the reflux 

generated by the maximum pressure of the pumping 

mechanism. These effects are added at the end of the 

dynamic range. The loading effect also reduces the 

upper sensor limit. In the non-contact sensor only the 

effect due to the generated reflux is present. 

 

 

Figure 10. Hysteresis curve of the contact pressure sensor. 

 

 

Figure 11. Hysteresis curve of the non-contact pressure sensor. 

The comparison of results obtained with the con-

tact and non-contact pressure sensor is shown in Ta-

ble 1. 

Fig. 12 shows a detail of the color sensitivity and 

bubble detection test and Fig. 13 the respective out-

put of the non-contact pressure sensor. A sequence 

composed of a colorless liquid, an air bubble and a 

colored liquid was inserted in the tubing. Given the 

differences between the voltage levels, it is possible 

to see that the sensor is able to easily perceive the 

presence of air bubbles. With respect to the color of 

the liquid, the possibility of identification must be 

evaluated by appropriate signal processing. 

 

Table 1. Comparison between contact and non-contact pressure 

sensors used in this study. 

Static        

characteristic 

Contac 

pressure sensor 

Non-contact      

pressure sensor 

Threshold 280 mmHg  26 mmHg 

Linearity ± 29 % FSO  ± 6 % FSO 

Sensitivity 0.81 mV/mmHg 0.81 mV/mmHg 

Hysteresis 50 % FSO  15 % FSO 

 

 

 

Figure 12. Detail of the color sensitivity and bubble detection test. 

 

 

Figure 13. Output signal of non-contact pressure sensor for color-

less liquid, air bubble and color liquid. 

6   Conclusion and future reasearch 

In this paper, we built an infusion pump prototype 

and two types of sensors to monitor pressure and 

detect occlusion in administration sets. The non-

contact pressure sensor allowed a significative im-

provement over the contact sensor compared by 

threshold, linearity and hysteresis, in the experi-

mental conditions considered. The non-contact sensor 

proved to be able to meet more restrictive require-

ments for delivery of solutions to patients, e.g. in 

very low flows used in neonatal applications. Sensi-

tivity for both sensors was identical. It was also veri-

fied that a non-contact sensor based on phototransis-

tor is sensitive to the presence of the tubing in the 
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pumping mechanism, the correction of its installation 

and the presence of air bubbles and color in infusion 

liquids. The output signal has a large amplitude var-

iation for bubble presence detection and a small due 

to the liquids color variation. 

Future work will focus on the dynamic character-

istics of the sensors since signal offset and the slow 

accommodation of the tubing wall also affect occlu-

sion detection and must be better modeled. Color 

identification and density of infused liquids should 

also demand further study. Predictive algorithms for 

occlusion detection will also be considered to im-

prove the reliability of the infusion system and elimi-

nate false alarms. 

Acknowledgment 

The authors would like to thank Lifemed S.A. for 

providing some significant parts of the prototype of 

the infusion pump built and the several disposable 

administration sets used in the performed tests as well 

as for financing the submission of this paper. 

References 

Abrantes, F.; Luche, G.; Loder, L. L.; Noskoski, O. 

A.; Souza Júnior, A. A. (2015). Using Correlati-

on to Detect Downstream Occlusion in Infusion 

Pumps, XII Simpósio Brasileiro de Automação 

Inteligente - SBAI 2015, Natal - RN. 

Associação Brasileira de Normas Técnicas - ABNT 

(1999). NBR IEC 60601-2-24: Equipamento ele-

tromédico - Parte 2: Prescrições particulares para 

segurança de bombas e controladores de infusão. 

ABNT, Rio de Janeiro - RJ. 

Brasil (2010). Manual de Tecnovigilância: aborda-

gens de vigilância sanitária de produtos para a 

saúde comercializados no Brasil. Ministério da 

Saúde, Agência Nacional de Vigilância Sanitária 

- ANVISA, Brasília - DF. 

Butterfield, B. (2010). Monitoring and detection IV 

line occlusions - Alaris SE pump. CareFusion 

Corporation, San Diego - CA. 

Cole, M. A.; Lawless, M. W.; Lynch, C. D.; Mo, F. 

S. C. Mo; Soberon, P. A. (1999). Pressure (oc-

clusion) sensor, US 5989222. 

Daoud, A. G.; Horres Jr., C. R.; Everhart, H. R. 

(1992). Apparatus for detecting fluid line occlu-

sion, US 51103211. 

Davis, D. L.; Brasier, R. E.; Hatch, R. F. (2000). In-

fusion device with optical sensor, US 6110153. 

Flaherty, J. C. (2011). Flow condition sensor 

assembly for patient infusion device, 

US 7887505. 

Glenview, N. S. (1983). Metering apparatus with 

downline pressure monitoring system, 

US 4394862. 

Honeywell (2013). Force Sensors Line Guide. 

Hospira (n.d.), Bomba de Infusão LifeCare Plum A+, 

Catalog. Morgan Hill - CA. 

Ilan, R.; Fowler, R. A.; Ferguson, N. D.; Parshuram, 

C. S.; Friedrich, J. O.; Lapinsky, S. E.; Biason, 

R.; Pinto, R.; Etchells, E. E. (2008). Prolonged 

time to alarm in infusion devices operated at low 

flow rates. Critical Care Medicine, vol.  36, no. 

10, pp. 2763-2765. 

Kobayashi, S. (1983), Method and apparatus for 

detecting occlusion in fluid-infusion tube of per-

istaltic type fluid-infusion pump, US 4373525. 

Malmstrom, J. A.; Beck, K. F.; Miles, S. D. (2003). 

Optical Pressure Monitoring System, US  

6523414. 

Medicines and Healthcare products Regulatory 

Agency - MHRA (2010). Device Bulletin: Infu-

sion systems, DB2003(02) v2.0, London. 

Olsen, J. M. (1997). Occlusion detection system for 

an infusion pump, US 5695473. 

Platt, M.; LaBedz, R.; Hovis, P.; Spang, R. P. (2003). 

Occlusion detection method and system for am-

bulatory drug infusion pump, US 6572604. 

Williams, D. R. (1988). Medical infusion pump with 

sensors, US 4758228.

XIII Simpósio Brasileiro de Automação Inteligente

Porto Alegre – RS, 1o – 4 de Outubro de 2017

1403


