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Abstract. In this paper, we propose a new approach of a cardiopulmonary 
resuscitation (CPR) simulation system that exploits both AR-based 
visualization and embedded hardware sensing techniques. The proposed system 
provides real-time interactive visual feedback to the CPR trainee with the 
projected AR indicator plane that visualizes results of an interlocking signal of 
the trainee’s actions using embedded sensors. This system also provides proper 
guidelines about the CPR trainee’s posture by detecting a user’s articular pose 
from a RGB-D camera in real-time. As implementation results, our system 
provides interactive feedback, that enabling more accurate and effective 
training experience to the trainee and more cost-effective rather than traditional 
CPR education training systems. 
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1 Introduction 

Although it is seriously related to human life and death, CPR implementation rate in 
real-life emergency situations by those who have CPR education experience is 
relatively low [1–3] because current CPR education depends mainly on a theoretical 
and limitative approach; for example, practicing on a nonresponsive mannequin 
model and watching a recorded video or slide presentation. Use of a passive CPR 
mannequin model does not provide real-time feedback even when trainees’ procedure 
is correct. Some educational CPR mannequin tools for common users show a 
hardware-based reaction, but it is not providing real time or accurate feedback with 
respect to trainees’ behavior. However, a professional medical CPR mannequin or a 
system, which can offer proper reaction and feedback, is highly expensive. Therefore, 
with traditional CPR training education processes, it is difficult to apply adequate 
behavior when responders encounter an emergency situation.  

To solve this problem, we consider with two different approaches: The first 
approach is a hardware-based sensing technique. There are some current studies 
related to CPR mannequin models, mainly focused on hardware improvement of 
sensor itself and hardware design for simulation control [4]. They both consider 
sensing accuracy for artificial respiration and cardiopulmonary press by a trainee. 
However, improvement of hardware accuracy itself does not makes it possible to 
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experience real-time feedback to a CPR trainee; further, it has educational limits as 
training models with respect to the trainees’ experience in various situations. 
Meanwhile, some research about virtual reality and augmented reality show that the 
VR or AR environmental experienced by the users enhances their spatial presence  
[5–7] or coexistence [8–10] about indirect experience of various situations. In 
addition, [11-14] researches showed that VR or AR-based real-time simulation 
enables direct visual feedback to users. 

Thus, in this paper, we propose a new approach of training simulation system that 
combines both hardware-based sensing and projected AR-based interactive 
visualization techniques, especially on a CPR simulation system.  

2 Proposed Projected AR-Based CPR Simulator 

This system consists of hardware-based sensor module, pose control module using 
camera, and projected AR-based real-time visualization module. The hardware sensor 
module installed inside the CPR mannequin model detects and gives digital output of 
the cardiopulmonary press, artificial respiration rate given by the trainee, and the pose 
control module calculates the accuracy of the trainee’s pose using the RGB-D sensor. 
Using these data, the visualization module provides real-time feedback to the trainee 
by visualizing computed information. Figure 1 shows the overall architecture of the 
system. 

 

Fig. 1. The concept diagram of the projected AR-based interactive CPR simulator 
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Fig. 2. The concept diagram of embedded hardware. (a) Pressure sensor; (b) On-off circuit; (c) 
Bending sensor. 

2.1 Hardware Sensor 

To obtain precise strength of cardiopulmonary press and artificial respiration data, 
sensors controlled by Arduino [15] are installed in the model. A pressure sensor and a 
bending sensor are connected directly to Arduino. The analog signals from embedded 
sensors translate as digital signals through Arduino. Arduino then sends the digital 
signal from the sensors to the visualization module through a serial port or Bluetooth 
connection. 

In Figure 2(a), four cross-arrayed pressure sensors, wedged between acrylic 
boards, detect the cardiopulmonary pressure, rate, and pressurized position 
determined by the user’s action on the mannequin model. Through the simple circuit 
attached on the model’s airway, Figure 2(b), the system is able to perceive whether 
the model’s airway is open when artificial respiration is needed. The bending sensor 
attached on the model’s stomach as shown in Figure 2(c), which is inflated when the 
air comes into the airway, right beneath the model’s skin, to detect if the user is 
giving proper amount and pressure of air. 

2.2 User Pose Control 

The user pose control module provides proper guidelines to the CPR trainee by 
extracting his or her articular pose data and comparing it with the desired data. In this 
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module, an RGB image is used to extract 2D image coordinates of four color markers 
attached on the side of the trainee’s shoulder, arm, and waist. The system also obtains 
the 3D point data of colored markers from corresponding depth image. Using those 
3D point data, the module computes information – such as whether the angle between 
the arm and waist is proper and if the elbow is straight as desired – and provides real-
time visual information to the trainee. Figure 4 shows the visual effect that is shown 
to the trainee.  

2.3 Projected AR-Based Visualization 

The visualization module’s goal is properly visualizing the sensor and user’s articular 
pose data driven from 2.1 and 2.2, considering the environment and circumstances. 
Therefore, projected AR-based technique is used in this system to maximize the sense 
of realism and visualize certain possible situations. 

As shown in Figure 3, in the real environment where the CPR simulation is 
executed, the computed graphical information based on the sensing and pose 
information is shown in real time. Through this, the trainee is able to get real-time 
visual feedback of artificial respiration and cardiopulmonary.  

 

 

Fig. 3. Articular pose estimation with RGB-D sensor 

 

Fig. 4. Projected AR-based visualization 
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3 Implementation Result 

As shown in Figure 5, we preceded the CPR training course from beginning to end 
with the proposed system. The result showed that the system successfully received the 
data from the 8 trainees and, each time, displayed accurate artificial respiration and 
cardiopulmonary press and rate information through the projected AR-based graphic 
indicators, augmented in real space during the procedure. As shown in Figure 6, three 
kinds of well-designed hardware were mounted properly. During the eight 
simulations, the hardware module accurately sensed the user’s action on the 
mannequin, and it provided detected information to the visualization module stably. 
 

 

Fig. 5. CPR training process with the proposed system. a) Artificial respiration;  
(b) Cardiopulmonary press. 

 

Fig. 6. Embedded hardware sensors. (a) Array of pressure sensor; (b) On-off circuit;  
(c) Bending sensor. 
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On the other hand, a problem occurred in the user pose control module. Because of 
the projected AR-based visualization, we turned the lights low. Therefore, the RGB 
image-based color extraction algorithm failed frequently. 

4 Future Work 

We expect that the proposed AR-based interactive CPR simulation system will have 
more effective educative experiences than are currently gained in a traditional CPR 
training process. To prove effective educative experiences, we will precede user-case 
studies with information including an experiment questionnaire and scenario-based 
user behavior analysis. 
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