
Journal of Scientific & Industrial Research 

Vol. 64, October 2005, pp. 761-766 

 

 

 

 

 

 

Design and implementation of controlled drug infusion system  
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An inexpensive controlled drug infusion system based around 80C85 microprocessor with RAM, EPROM and 

peripheral interface devices is developed. In this system, the drop rate selection is done by BCD thumb wheel switches from 

1 to 99 drops/min, LCD display is used for displaying the parameters settings, number of drops infused and various alarms 

messages for patient safety and unique drop sensing assembly is incorporated for accurate detection of falling drops in drip 

chamber. The prototype has been tested successfully on neonates. 
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Introduction 

In intravenous therapy, gravity-fed drip controllers 

are used for the infusion of fluid into the venous 

system. The dose rate for such controllers is measured 

in drops/min. Traditionally, drip rate for a set, which 

delivers a constant size drop, is calculated by the 

simple formula
1
: 

 

60

1

)ml(Dropxize

1

(h)infusion for    Time

(ml) infused  be   toVolume
min)/drop(Driprate ××=

 

 

The system is used to infuse the drug into the 

patient very precisely by peristaltic type of pumping 

action by squeezing tube of the Intravenous (I V) set, 

thereby infusing the drug drop by drop at a 

predetermined rate. The reliable functioning of such 

type of infusion systems depends on reliable drop 

detection and provides accurate information about 

number of drops infused to the patient
2
. This 

electronic drug infusion system has advantages like 

accuracy and precision in drug infusion and initiation 

of various alarms so as to attract the attention of 

operator in case of malfunctioning. These systems are 

used in the hospitals for fluid therapy to manage the 

patients during and after surgery, treatment of insulin 

patients
3
, treatment of burns

4
 and of dehydration in 

paediatric patients. All primary health centers, 

community health centers and district hospitals are the 

potential users of this machine. Primarily all drug 

infusion systems incorporate at least two components: 

(i) A mechanism that delivers the drug; and (ii) A 

means of controlling the rate of drug delivery. 

In the open loop systems, delivery rate is set 

manually by drip rate setting knob on I V set by the 

nurse or physician on the basis of past experience or 

by trial and error. The present system is based on 

closed loop control system with quick and efficient 

feedback. In this system, appropriate sensors monitor 

the effects of drugs and desired delivery rate is 

computed and set automatically. 

 

System Design 
Microprocessor Based Hardware 

Microprocessor based hardware design  

(Figs 1 & 2) of controlled drug infusion system 

mainly contains: (i) Microprocessor; (ii) Memories; 

(iii) Peripheral Interface; and (iv) Peripherals. System 

design is based around 80C85 microprocessor, which 

is connected through address bus, data bus and control 

bus to 4K bytes of EPROM 27C32 for monitor and 

control program, RAM 6116 for temporary storage of 

various data and peripheral I/O devices 8255 are used 

for interfacing; 16 characters x 2 lines LCD display. 

LCD displays sign on message, and set drop rate, 

number of drops infused and alarms messages. 

The system also incorporates pairs of BCD 

thumbwheel switches for setting drop rate  

(1-99 drops/min) and the alarms driving hardware for 

audio and visual alarms indications. Several audio and 

visual  alarms have been  added to the system so  as to 
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make the system safe and failure proof to the extent 

possible. Various alarm conditions are: Drug chamber 

empty; Drip chamber becoming full (owing to 

occlusion in needle/in line); Over speed (Uncontrolled 

drop rate); Air bubble in the tube; and Drop rate set  

at 00. 

All alarm signals are generated by logic hardware. 

In order to facilitate the user, alarm signals are taken 

to the I/O ports and read with the help of control 

signal generated to actuate the TRAP interrupt of the 

microprocessor. When any alarm conditions are 

detected by the system, it gives the audio and visual 

indication and also stops the systems automatically. 
 

Drop Sensing Hardware 

Drop sensor hardware assembly of the system is 

placed  across  the drip  chamber of I V set and has IR 

 
 

Fig. 1 Microprocessor based hardware design of controlled drug infusion system 
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LED’s and matched phototransistors for detection of 

falling drops in the drip chamber. The output of this 

system helps in feedback and alarm control, and in the 

measurement of number of drops infused. The 

accuracy in the drop detection plays the most 

important part to increase the reliability of the system. 

The I V set available in market consists of liquid 

container, drip chamber, PVC tube and injecting 

needle. The drip chamber is clamped inside the drop 

sensor unit. In the imported instruments (Diginfusa-

Swiss make and Dragger-German make), the drop 

sensor unit has only one pair of IR-LED and detector
5
. 

After operating the infusion pump for sometime, tiny 

droplets get stuck to the walls of the drip chamber due 

to condensation in the chamber. These tiny droplets 

act like tiny prisms and deflect the light rays from the 

source IR-LED away from the detector. Thus the light 

does not fall on the detector and it misses to register 

the drop count. Also, sometimes these condensed 

liquid droplets on the wall are wrongly sensed as 

drops falling down. Both the above conditions result 

in wrong counting of number of drops actually falling 

and infused into the patient’s body. This generates 

false alarm. These problems were taken care of in the 

present modified design. Also, the device can handle 

all types/sizes of I V sets available in the market for 

infusing drugs to neonates and adults. The device is 

capable of giving signal for activating alarm on rise in 

the level of liquid above a particular level in the drip 

chamber due to any obstruction in patient’s vein and 

any air bubble in the line of PVC tube. These features 

make the present modified design versatile over the 

existing ones. 

System drop sensing unit (Fig. 3) is a multi-level, 

multi-directional, and self-centering device
6
. Top 

cover   helps   to   eliminate  the  ambient light effect. 

 
 

Fig. 2Overall view of controlled drug infusion system 
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LED/detector pairs are placed at different levels and 

directions along the drip chamber (Figs 4 & 5). Axes 

of all the three pairs are directed towards the axis of 

the falling drop in the drip chamber. IR-LED/detector 

pairs   are   located  at 50°  to   each  other  at different 

levels along and around the drip chamber. Falling 

drop obstructs the beam of light traveling from LED 

towards detector on the opposite side. LED/detector 

gives a change in  voltage level as the  drop falls. This 

 
 

Fig. 4 Elevation showing position of 4 LEDs 

 
 

Fig. 3Isometric view of drop sensor assembly 

 
 
Fig. 5Plan showing arrangement of LED and detector holders 

around the drip chamber (Multi LED / detector pair) 
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change in voltage is sensed by the photo-transistor 

(detector) and is converted to a pulse and is 

electronically processed further for controlling the 

peristaltic action and for actuating alarms in the case 

of malfunctioning. The fourth LED (Fig. 4) is used for 

level detection. In some makes of I V sets, drip 

chamber shows a level mark. Rise of liquid, above 

this mark, indicates that there is some obstruction in 

the path of drug delivery flowing into the patient’s 

vein. This is an alarming condition. 

The multiplicity of the sensor pair used created 

another problem of multiple pulses from the single 

falling drop. This problem has been solved by 

merging all the pulses created from the same falling 

drop into one by adjusting width of the resulting pulse 

between the limits so that it does not interfere with the 

pulses from the next falling drop. This is achieved by 

using monostable multivibrators for optimizing the 

pulse width of about 10 millisec. Output of the drop 

sensing hardware is given to RST 6.5 interrupt of the 

 
 

Fig. 6Flow diagram of software for controlled drug infusion system 
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microprocessor for number of drops infused 

measurement. Similar pair of sensors is also used for 

air bubble in line alarm detection condition.  
 

Peristaltic Pump 

Microprocessor is also interfaced with the timer 

counter 82C53 for generating pulses for the motor 

driving hardware as per the set drop rate. The DC 

motor with gearbox is used to drive mechanical 

fingers type of linear peristaltic pump through a timer 

belt. DC motor rotates according to the level of 

voltage generated by motor driving hardware to 

activate the cam and fingers of linear peristaltic pump 

in wave like fashion which in turn squeezes the drop 

through the I V set tube, situated between pressure 

pad and the fingers, and this results in drop formation 

in the drip chamber which goes to the patient. 
 

Battery Backup 

During power failure, lead acid, maintenance free 

12 V batteries, automatically runs system. During the 

system operation at mains supply, battery gets 

charged to a maximum of 12.5 V and supports the 

system for about 5 h. 
 

System Software 

On the basis of the flowchart (Fig. 6), system 

software has been developed in the assembly 

language of 8085 microprocessor and is stored in the 

system EPROM. 
 

Results and Discussion 
In existing drug infusion pumps during winter, 

after about 45 min of operation, many tiny droplets 

got stuck to the walls of the drip chamber with the 

result that actual falling drop could not be sensed and 

the existing drug infusion systems give false alarm of 

“uncontrolled drop rate”. This is because these pumps 

comprise only single pair sensing system. This aspect 

had been kept in view during design and hence drop-

sensing assembly had been appropriately modified 

using “multiple sensors at different angles and planes 

to minimize false alarms and facilitate accurate drop 

count”. The performance of the experimental system 

was found to be much superior and better as 

compared to other similar types of systems available 

commercially. Several audio and visual alarms have 

been added to make the system safe and fail-proof to 

the extent possible. The system has been designed 

using minimum number of CMOS components 

resulting in bare minimum power consumption. The 

system was clinically evaluated successfully against 

specifications, operation and alarms for patient safety 

on about 20 sick neonates at Baby Nursery, 

Department of Pediatrics, PGIMER, Chandigarh. The 

technology of the system has been assigned to four 

Indian industries. 
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