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Abstract: The thought of using a parallel manipulator for uninterrupted and continuous external chest compressions during the procedure of 
cardiopulmonary resuscitation is proposed in this paper. As the quality of cardiopulmonary resuscitation plays a central part in reducing patient 
impermanence rates. As per the requirement of action of cardiopulmonary resuscitation procedure, a pneumatically driven parallel manipulator which is 
considered as an end effector for serial type manipulator constituting the form of hybrid manipulator is designed by following the American Heart 
Association (AHA) guidelines and fabricated the manipulated and a pilot experimental study has been conducted on a closed-loop manikin with different 
radii configurations by 22mm, 44mm and 66mm on the fixed platform by keeping the sternum plate position is at constant radius of 22mm, and also 
electronic controller has been made and developed. While performing experiments, it is observed that the configuration of radius 44 mm gives the 
required depth of compressions uniformly when compared to the other two configurations of the positions of prismatic links on the fixed platform. So, it 
has been concluded that this configuration will meet the requirements of AHA guidelines. 
 
Index Terms: AHA guidelines, Cardiopulmonary Resuscitation (CPR), External Chest Compressions, Geometry, Pneumatic, Parallel Manipulator (PM).   

——————————      —————————— 

 

1. INTRODUCTION  

Manual CPR was developed in the late 1950s, and in 1960 the 
American Heart Association (AHA) began to teach physicians 
to use the technique.Cardio-pulmonary resuscitation (CPR) is 
the medical first aid for cardiac arrest patient that should be 
provided within the first 5 minutes to rescue the patient from 
fatality, which is an artificial means of making the heart pump 
blood. CPR, when properly administered, seems to improve 
the survival rate of the patients by about 40%  and the major 
role is chest compression in the process of reducing the 
mortality rate [1,2,3,4]. When comparing with the serial 
manipulators the Parallel manipulators (PM) have more 
importance due to their high rigidity, high payload-to-weight 
ratio and low inertia for larger accelerations. Even though PMs 
have many advantages yet they suffer with some drawbacks 
like limited and complicated workspaces with singularities, 
reduced dexterity, highly non-isotropic input/output relations 
and complex mechanisms due to kinematically constrained 
structure. The potential applications of parallel manipulator are 
their wide use in the medical field as described in [5].  From a 
general point of view, a manipulator consists of kinematics 
chains made by rigid or elastics links connected by joints. 
Kinematic chains connect a fixed base with a movable end-
effector. The movement of the end-effector is obtained by 
summing movements of each link, originated by actuator [6,7]. 
Parallel manipulators are extensively used in medical 
applications as described in rehabilitation [8,9], laparoscopic 
surgery [10] and chest compressions during CPR and may 
more applications[11,12]. CPR is an extremely stressful  
 
 
 
 
 
 
 
 
 
 

process for by standers and ambulance personnel and it is 
strenuous to perform chest compressions continually until a 
signal of continuity of blood flow to the brain. The overall 
mortality in out-of-hospital cardiac arrests is very high and in 
this fearful situation a desperate measure is to be taken. At 
this point, adherence to guidelines can be difficult and hence 
automated mechanical devices to aid the personnel in 
cardiopulmonary resuscitation (CPR) have been viewed with 
great interest. Even though the external chest compressions 
(ECC) involves a risk of injury but it offers a chance to save 
the patient’s life and so the risk of harm has been accepted. 
Effective chest compression is crucial and they are applied 
over the lower part of the sternum to a depth of 50mm. A 
compression rate of at least 100 per minute is ideal [13]. 
During chest compressions the rescue people will get tired of 
doing and also get shoulder pains; to eliminate the fatigue of 
people an automated mechanism can be devised. Most of the 
times, more than two people are required for this process and 
also require long durations (3 min to 2 hrs). Maintaining the 
frequency of compressions within limits (100 compressions per 
minute) is possible and can eliminate the difficulty in counting 
and maintaining ventilation rate (30:2) [14]. A mechanical 
device provides an equal depth (38mm to 51mm) for every 
chest compression. Can eliminate the possibility of infections 
to people administering CPR and provide the consistency of 
the overall process (Light indicators, display units and alarm 
signal). None of the existing mechanical devices used for 
chest compressions have intelligence that when it is supposed 
to stop doing compressions. 

 

2 METHODOLOGY 
The methodology adopted for the design of the hybrid 
manipulator is discussed as follows: 
 
2.1 Architecture of the Mechanism 
The manipulator considered here is of hybrid type which is a 
combination of parallel as well as serial manipulator.  Since the 
serial manipulators have large workspace than parallel 
manipulators, there is a disadvantage of having low stiffness 
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and low force to weight ratio. These types of manipulators are 
being used for material handling tasks designed and analyzed 
a modular hybrid manipulator and surgical procedures [15,16]. 
In this application a parallel manipulator which is considered 
as an end-effectors was used in a post type serial manipulator. 
Here the parallel manipulator is used for providing chest 
compressions to the heart whereas the serial manipulator is to 
position the parallel robot in exact sternum location and 
position before chest compressions to start. The CAD model of 
the hybrid manipulator is shown in the following Figure 1. And 
the description of the hybrid manipulator is as follows. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The serial manipulator consists of two links with rotary base and a 
horizontal arm which is to carry the parallel manipulator. This arm 
can move up and down to position the sternum plate which is a part 
of parallel mechanism and the base rotates to locate the parallel 
robot at the exact sternum location. This serial manipulator consists 
of one revolute and two translational joints. The parallel manipulator 
consists of three linear joints and two platforms namely fixed and 
movable. The fixed platform which is mounted on the horizontal 
arm of serial manipulator is connected to three linear actuators 
parallel to each other by means of revolute joints and the other 
ends of the linear actuators are connected to movable platform 
called the sternum plate by means of spherical joints. Table 1 gives 
the kinematic design parameters of hybrid manipulator.  
 
Table 1 Kinematic design parameters 
Sr. NO. PARAMETER DIMENSIONS REMARKS 

1 
Depth of 
Compression 

38 to 60 mm 
Depends on strength and 
chest stiffness. 

2 Angle of arm 65 to 89 

Assumed from angle 
formed between  
human arms 

3 
Fixed or base 
platform radius 

110 to 150 
mm 

Distance between the 
centre of platform to 
revolute the joint  

4 
Movable  
platform radius 

35 to 50 mm 
Distance between the 
centre of platform to 
spherical the joint 

5 
Initial and final 
length of the  
linear actuator 

240 & 290 
mm 

Determines the stoke 
length of the cylinder 

6 
Total height of 
the parallel 
manipulator 

350 to 450 
mm 

Provides the 
compactness of the 
device. 

2.2 Geometrical Approach 
The kinematic design is an important aspect for the practical 
conceptualisation of a manipulator. It is because the performance is 
largely dictated by the structure derived through the kinematic 
design procedure. For this purpose different CAD models are 
designed using the design parameters given in table.1 with the help 
of solid works R14, and the same is fabricated mild steel materials 
and required pneumatic cylinders and experiments were carried out 
on a Ambu feedback Manikin. 
 
2.2.1 Geometric Modelling 
With the help of Solid works R 14 CAD modelling software three 
different models were created with varying the radius of the position 
of the linear actuators on to the fixed platform which is connected 
as an end effector to the serial manipulator. And their CAD models 
and pictorial views were shown in Figures 2 a, 2b and 2c at radii 22 
mm, 44mm and 66 mm on the fixed platform respectively. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

From the Figure 2a it is perceived that the three linear 
actuators act as single linear actuator because the location of 
them on the fixed platform and sternum plate (movable 
platform) is at same distance as 22 mm from their respective 
centers. In the Figure 2b it is observed that the angular 
position of the linear actuator is 90° with respect to the fixed 
platform on the manipulator. 
 

 

Fig.1. CAD assembly model of the hybrid manipulator 

 

Fig. 2 Parallel Manipulator at a radius of 22 mm on the 

fixed platform (a) CAD model and (b) Pictorial view 

 

 

(a) 

(b) 

Sternum Plate 
of radius 22mm 
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From the Figure 3a it is perceived that the three linear 
actuators location on the fixed platform is different distance of 
44 mm than that of the sternum plate (movable platform) which 
is at 22 mm distance from their respective centers. In the 
Figure 3b it is observed that the angular position of the linear 
actuator is 83° with respect to the fixed platform on the 
manipulator. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From the Figure 4a it is perceived that the three linear  
 

actuators act as single linear actuator because the location of 
them on the fixed platform and sternum plate (movable 
platform) is at same distance from their respective centers. In 
the Figure 4b it is observed that the angular position of the 
linear actuator is 90° with respect to the fixed platform on the 
manipulator. 
 

3 EXPERIMENTAL SET UP 
The control system is developed based on the microcontroller 
which is the center of all activity and is essentially an 
interpreter between the input and the hardware peripherals. All 
input data are sent to the microprocessor through input panel 
switches. And all output peripherals are connected to 
microcontroller with required electronics components like LCD 
display units. The requirements of AHA standards like 
compression depth, compression rate, and pause between the 
chest compressions are met by the system. The Figure 5 
shows the block diagram of the controlling unit of the 
mechanism.  
 
 
 
 
 
 

Fig. 3 Parallel Manipulator at a radius of 44 mm on the 

fixed platform (a) CAD model and (b) Pictorial view 

 (a) 

 (b) 

Sternum Plate 
of radius 22mm 

 

 (a) 

 

Fig. 4 Parallel Manipulator at a radius of 66 mm on the 

fixed platform (a) CAD model and (b) Pictorial view 

(b) 

Sternum Plate of 
radius 22mm 
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The LCD indicator panel for continuous display of the above 
and is powered by 9V AC/DC adapter. After performing 30 
compressions the microcontroller stops sending signals to the 
relay for the pause time which is generally for providing two 
rescue breaths, and then starts sending signals to the solenoid 
for chest compressions. The program is written for Atmega16 
micro controller using C++ embedded programming language 
and built in the control system. The microprocessor used for 
this work is the AVR ATMEGA16. It is a general-purpose 
microcontroller with a variety of peripheral ports such as 
analog-to-digital converters (ADC), bidirectional TTL 
input/output ports, and a USART interface to allow RS232 
serial communication. The original design of the embedded 
system hardware was to create a piece of hardware similar to 
a development board or kit. The Figure 6 shows the 
photograph of an experimental setup with feedback manikin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4 RESULTS AND DISCUSSIONS 
The Figure 7 shows the depth of compression for different 
operating pressures when the 22 mm radius of fixed platform.  
It is seen that the depth of compression increases with air 
pressure and decrease with the increase in the stiffness of the 
chest.  

Since the depth of compression has to be in the range of 
50-60 mm, a pneumatic pressure of 5 bar or more is required 
for a chest stiffness of 6 N/mm. A pneumatic pressure of 6 bar 

or more is required for a chest stiffness of 6.5 N/mm. The 
depths of compression achieved for a chest stiffness of 7 
N/mm or more under the range of pressures tested are not 
sufficient to meet the AHA 2010 guidelines [14]. Either the 
pressure has to be increased beyond 7.5 bar or the stroke 
length of pneumatic cylinders are to increase beyond 50 mm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7 also reveals the Chest compression depth at different 
air pressure for different radii of fixed platform at a constant 
stiffness of 6 N/mm.  It is seen that the performance of the 
manipulator is the best when the radius of the fixed platform is 
22 mm. The Figure 8 shows the depth of compression for 
different operating pressures when the radius of fixed platform 
is 44 mm.  It is seen that the depth of compression increases 
with air pressure and decrease with the increase in the 
stiffness of the chest 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The Chest compression depth at different air pressure for 

 

Fig.5 Block diagram of hybrid manipulator with controller 
 

 

Fig.6 Complete experimental setup with feedback manikin 

 

Fig. 7 Depth of Chest Compression Vs Air Pressure for the fixed 
platform radius of 22 mm under different spring stiffnesses 

 

 

Fig. 8 Depth of Chest Compression Vs Air Pressure for the fixed 
platform radius of 44 mm under different spring stiffnesses 
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different radii of fixed platform at a constant stiffness of 6.5 
N/mm is shown in Figure 8.  It is seen that the performance of 
the manipulator is the best when the radius of the fixed 
platform is 44 mm. The Figure 9 shows the depth of 
compression for different operating pressures when the radius 
of fixed platform is 66 mm.  It is seen that the depth of 
compression increases with air pressure and decrease with 
the increase in the stiffness of the chest 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In Figure 9 depicts the Chest compression depth at different 
air pressure for different radii of fixed platform at a constant 
stiffness of 7 N/mm.  It is seen that the performance of the 
manipulator is the best when the radius of the fixed platform is 
66 mm.  

 
5 CONCLUSIONS 
It can be seen that the linkages occupy vertical position at a 
radius of 22 mm and inclined positions for 44 mm and 66 mm. 
The depth of compression increases when the radius is 44 
mm since the inclination helps in having more stable structure. 
However, the depth of compression decreases due to more 
acute angle of linkages at the radius of 66 mm. It is found that 
a radius of 44 mm gives the best performance of the 
manipulator and gives the maximum depths of compression 
during the Cardio pulmonary resuscitation process. Yangmin Li 
[6] have reported a similar finding in which the work volume is 
the highest when the actuators layout angle, α is 75° 
compared to when α is 60° as well as 90°. It can be seen from 
the results that the parallel manipulator used in this work is 
useful conducting chest compressions during CPR as per the 
AHA guide lines on the chest stiffness of 6.0 and 7.0 N/mm 
when it is operated under a pneumatic pressure ranging from 
5.5 bar to 6.5 bar. 
 

ACKNOWLEDGEMENT 
The authors thank the management and administration of 
Karunya University for providing infrastructure and facilities for 
carrying out this research.  The contributions made by 
students and non-teaching staff are gratefully acknowledged. 

REFERENCES 
[1] Bath P, Lees K. ABC of arterial and venous disease. 

Acute stroke BMJ 2000;320:920-923. 
[2] Pandian J et al. Public awareness of warning symptoms, 

risk factors and treatment of stroke in Northwest India. 
Stroke 2005; 36: 644-48. 

[3] D. Nagaraja, G. Gururaj, N. Girish, Samhita Panda, A.K. 
Roy, G.R.K. Sarma & R. Srinivasa,  ―Feasibility study of 
stroke surveillance: Data from Bangalore, India‖, Indian J 
Med Res 130, October 2009, pp 396-403 . 

[4] American Stroke Association. Primary Prevention of 
Ischemic Stroke: A Guideline From the American Heart 
Association/American Stroke Association Stroke Council. 
Stroke. 2006; 37:1583-1633. 

[5] Yangmin Li and QingsongXu, ―Design and Development 
of a Medical Parallel Robot for Cardiopulmonary 
Resuscitation,‖IEEE/ASME transactions on Mechatronics, 
Vol. 12, No. 3, June 2007. 

[6] Yangmin Li and and Qingsong Xu, ―Optimal design and 
analysis of a3-RRPaR Parallel Manipulator for Chest 
Compressions", Proceedings of the 2005 IEEE 
International Conference on Mechatronics July 10-12, 
2005, Taipei, Taiwan 

[7] Yangmin Li and and Qingsong Xu, ―Design and 
Development of a Medical Parallel Robot for 
Cardiopulmonary Resuscitation,‖ IEEE/ASME transactions 
on Mechatronics,265-263, 2007. 

[8] Marco Ceccarelli , Doina Pisla  and Aleksandar Rodic   
―An assisting robotic system for rehabilitation and training 
of elderly people‖ The 3rd International Workshop on 
―New Trends in Medical and Service  Robotics (MeSRoB 
2014)‖   

[9] Rosati G, Gallina P, Masiero S, Rossi A: Design of a new 
5 d.o.f. wire-based robot for rehabilitation. IEEE ICORR, 
Chicago; pp.430-433, 2005. 

[10] Temei Li  and Shahram Payandeh, ―Design of spherical 
parallel mechanisms for application to laparoscopic 
surgery. Robotica, 20(2):133-138, March 2002 

[11] G. Yedukondalu, A. Srinath and J. Suresh Kumar, 
―Mechanical chest compression with a medical parallel 
manipulator for cardiopulmonary resuscitation‖ , The 
International Journal of Medical Robotics and Computer 
Assisted Surgery. 2014 Oct 14. doi: 10.1002/rcs.1628.  

[12] K. V.Varalakshmi and J. Srinivas, ―Optimum Design of 
Kinematically Redundant Planar Parallel Manipulator 
Following a Trajectory‖ International Journal of Materials, 
Mechanics and Manufacturing, Vol. 3, No. 2, May 2015. 

[13] Möhr D, ―Review Article: Cardiopulmonary resuscitation: 
state of the art in 2011‖, South Afr. J Anaesth Analg 
2011;17(3):225-239 

[14] AHA. (2015).Guidelines 2015| CPR & ECC, An American 
Heart Association Journal, 132 (18 Supplement 2), 
November 3, 419. 

[15] Abdelbadiâ Chaker, Abdelfattah Mlika, Med Amine Laribi, 
Lotfi Romdhane, Saïd Zeghloul ―Synthesis of spherical 
parallel manipulator for dexterous medical task‖ Front. 
Mech. Eng. 2012, 7(2): 150–162. 

[16] Lessard S. and others . Optimum static balancing of the 
parallel robot for medical 3D-ultrasound imaging. In 12

th
 

IFToMM World Congress on the Theory of Machines and 
Mechanisms, Besancon, 18-21 June 2007. 

 
 

Fig. 9 Depth of Chest Compression Vs Air Pressure for the fixed 
platform radius of 66 mm under different spring stiffnesses 

 

 


