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Abstract
Pain is an unpleasant emotional experience caused by tissue damage. Pain is subjective, where each individual has a
different pain response, sometimes difficult to express and can only be felt by the individual without being felt by
others. Therefore, the assessment of pain for each treatment by medical personnel can be different. This could lead
to non-standard handling of patients in pain medical treatment. The automatic stand alone system for pain detection
based on face recognition is developed. The system determines patient paint level detector based on facial
expression recognition. The face detection is based on face image procession technique and Convolution Neural
Network (CNN). The system is working properly, since it resulting the training and testing accuracy of 90% and
70%, respectively.

Keywords

Automated stand alone embedded system; Facial expression technique; Artificial Neural Network;

1. Introduction
The information of body temperature, pulse, blood pressure, and respiration, but also had to study pain
issued by the veterans health administration policy to include pain as the fifth vital sign, so nurses not
only assess . Based on the above, at this time in the process of patient care, pain has been included in one
of the vital signs of the patient so that every patient undergoing treatment for outpatients and inpatients
needs to be treated for pain management(Sadiq, Aibinu, Joseph, Salau, & Salami, 2013). The unpleasant
emotional experience caused by tissue damage, called pain(Breivik, Allen, Rosseland, & Romundstad,
2008). Pain is subjective, meaning that each individual has a different pain response(Jensen & Beliefs,
2011), sometimes difficult to express and can only be felt by the individual without being felt by others.
Therefore, sometimes lead to the condition where the patient over medicine (Pramesti Griana Dewi,
2016)(Md Kamrul Hasan, GOlam Mushih Tanimul Ahsan, Sheikh Iqbal Ahamed, 2016).
There are many works has been done in pain detection. The Paint identification system applied based
on quantifying the face image expression and modeled, the face model the dentify using Support Vector
Machines (SVM)(Hammal & Cohn, 2012). Pain identification based on face expression also done based
on Neural Network, (Maruf Monwar & Rezaei, 2006) respectively. The face detector uses a skin color
modeling approach. For pain recognition, location and shape features of the detected faces are computed.
These features are then used as inputs to the artificial neural network, which uses standard error backpropagation algorithm for classification of painful and painless faces. a joint deep neural network model
is proposed to classify pain intensity in four categories from facial images. This study used two different
Recurrent Neural Networks (RNN), which were pre-trained with Visual Geometric Group Face
Convolutional Neural Network (VGGFace CNN) and then joined together as a network to estimate pain
intensity levels (Bargshady, Whittaker, & Wang, 2019). To meet up the specific necessities, a framework
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has been designed for extraction of features from the face for automatic pain detection through facial
expression. In this framework, Gabor filtering and Principal Component Analysis (PCA) are used as
contributive steps that improves the performance of the system in terms of accuracy(Roy, Bhowmik, Saha,
& Ghosh, 2016).
In this paper, the automatic stand alone system for pain level detection based on face expression recognition
system is developed. The system is design and develop. The face expression recognition system is based on
intelligent system neural network. The convolution neural network (CNN), which is a relatively popular artificial
intelligent, are introduced and proposed for fish identification system. CNN is simple and very powerful method.
CNN work based on human brain principle (Aibinu, Shafie, & Salami, 2012). The proposed intelligent system-based
face expression identification system used LabelImg as input. The effectiveness of the proposed system is evaluated
experimentally. The results show that the proposed technique has produced the better training and testing accuracy.

2. Proposed System
This paper considers two main works, which consist of automatic stand alone pain detection development
and pain level detection based on Face expression identification system. Automatic painful detection
based on mechanical and electrical design, which have two main functions, there is an automatic painful
detection for collecting the reference data and perform the decision pain level after identification. On the
other hand, the pain level identification system based on image processing and artificial intelligence.
Figure 1 shows a flow chart of automatic painful detection based on facial pain expression identification
System.

Figure 1. Flow Chart pain level identification system based on Face Expression Identification System

These systems have two main parts, namely hardware and software part, respectively. The hardware part
which consists of mechanical and electrical parts, has two main functions, taking the reference data and
perform the pain level decision from the face patient expression.
2.1 Development of Mechanical System
As discussed previously, the hardware part which consists of mechanical and electrical. The mechanical
part of the stand alone face capturing system, consists of 10 main parts, namely Casing, Camera, Main
Camera Holder, Secondary Camera Holder, Side Partition, Raspberry Pi, PCB, Cooling Fan, Button and
LED.
There are two types of systems used to carry out two different tasks. For data collection systems,
buttons for taking pictures of subjects represent pain levels that have been adjusted to the pain scale. The
first stage of data collection is input is done when the subject image is taken with a button that is in
accordance with the level of pain. Second, the system will store images that have been taken into the
automatic painful facial expression based intelligent systems. Finally, the system will flash the
notification in the form of an LED to inform that process of taking patient picture is successful, as shown
in Figure 2.
In the second part of the system which operated in normal operation, the system has some similarities
to the first system only the difference is in the number of capture pictures which only amounts to one and
there are other buttons to delete images. Then there are additional yellow, green and red LEDs on the left
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side of the device to show the results of the system analysis. For the first stage, the patient will be
photographed by medical personnel with the take picture button. Then the second stage, the system will
store the image in the internal storage system. The next stage is the system will take the picture to be
analyzed. After the analysis is complete, the results will be shown in one of the LEDs on the left side of
the device. Finally, the delete button must be pressed to delete the previous patient image, as shown in
Figure 3.
This system uses the Raspberry Pi as the main component and the camera as a supporting component
for taking pictures, as well as buttons and LEDs for taking input and output, as shown in Figure 4.

Take picture Button
Delete picture
Button

Figure 2. Embedded system for taking the picture of the patient

LED notification

Cooling fan
holder

Fan cooling

Figure 3. Embedded system for pain level identification
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Figure 5. Electric schema for pain level detection for capturing the data of the patient

Figure 6. Electric schema for identification pain level detection

2.1 Face Expression Identification System

Figure 7 shows the proposed face expression identification system, the system basically
consists of three main components, namely image processing, data selection, and identification
system. Image processing is used to obtain images using the camera, data transferred to the
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computer and processed in order to obtain LabelImg. The processing result in the form of XML
file which convert to the form of CSV. The data is then used as input to the identification process
in the training phases. There are two important phase identification system, training phase and
testing phase, respectively. In the training phase the data is applied to training the system, finding
the model each of the expression data patterns. The model testing based on the testing data that
captured in real time. Single shot detector (SSD) is applied as identification system to obtain the
pain level of the person.

Figure 7. Block diagram of face expression identification system

Single Shot Detector (SSD) applied one shot to detect multiple objects in the picture using
multibox. The system is faster in the algorithm when detecting objects and with a high degree of
accuracy. High speed and high accuracy SSD in using images with relatively low resolution
caused by several things such as convolutional filters, which are increasingly reduced to predict
which objects are in which category(Shi, Bao, & Tan, 2019)(Zhao & Zheng, 2012).
SSD accuracy is achieved by using several boxes with size and aspect ratio for the detection
of different objects. This makes the system apply some of the filter area ratios to several feature
layers at the final stage of the system which helps in making detection at various scales.
SSD has a basic network called VGG-16 which is accepted by conventional multibox layers.
The basic network VGG-16 is a standard convolutional neural network (CNN) architecture for
the classification of high-quality images but without a final classification layer(Xie, Han, Liao, &
Shi, 2017)(Arge & Mage, 2015) . VGG-16 is used for feature extraction.
The following will discuss about the architecture of the SSD listed in Figure 8 below. SSD
consists of two main networks, basic network to detect the feature and additional Convolutional
Layers to detect objects, respectively, as shown in Figure 8 (Magalh & Federal, 2019).
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Figure 8. SSD architecture

3. Experimental Result

3.1 Experiment Setup
In this experiment, 6 levels (grouping) were used for the types of facial expressions used,
namely level 2, 3, 4, 5, 7 and 9. Each of level has 8 sample photos, which makes the total of six
levels are 205 photos used for training and 46 photos used for testing. The camera types of
Logitech C310 for shooting problems because this type of camera can meet the needs needed to
support the performance of this work.
In the testing phase, the system will run in real-time where the image will be processed
directly when the tool is instructed to identify the pain through the patient's facial expression. For
more detailed ways of working can be seen through Figure 9 below. The laptop used to run this
system uses the Nvidia GTX 960m as its graphics processor and has 16 GB of random access
memory (RAM).

Gambar 8. Sistem Identifikasi Keseluruhan saat melakukan ujicoba dalam laptop

Laptop yang digunakan untuk menjalankan sistem ini menggunakan Nvidia GTX 960m
Figure 9. Experiment setup

© IEOM Society International

1705

Proceedings of the 5th NA International Conference on Industrial Engineering and Operations Management
Detroit, Michigan, USA, August 10 - 14, 2020

3.2 Experiment Result and Discussion
The results of the training are then tested using real faces in real time and show that the
accuracy obtained is above 70% per level. Figures 10 below show the test results of the above
training.

Figure 10. Identification result for real time detection

The experiment was carried out based on six levels of expression. Its applied 205 photos
from a total of six levels of expression from different the angle, different subjects, different
lighting, different background photos and different sexes of the subject. The all of these
differences are used to support accurate results in recognizing every expression of the subject
that will exist later in the field. SSD method is applied to extract the photos before it used as
input to the identification system. The size of the photos is not exceed to 150 KB that support
training performance and faster identification.
From the results of trials that have been conducted, it can be concluded that the SSD
system can detect each level well with an accuracy level above 70%. Accuracy can also be
affected by lighting, subject distance from the camera and many other things. If there are more
than 1 subjects in the shooting area, other subjects will be detected as well, so it is highly
recommended that there are no more than 1 subject in one shooting area. Poor lighting can also
cause a system failure to see the subject in front of the camera. There are also conditions where
the hair covering the face is too much so that the identification value becomes less accurate plus
the lack of training data that uses subjects with front hair that is too long to narrow the face
identification area. The SSD method is proven to have a high identification speed and is fast,
aside from the reason that the SSD method can be used on raspberries but also has a weakness
where more than 1 result can be detected on one image. Where expressions for levels 2, 3 and 4
have a similar tendency so that sometimes the tool identifies 3 levels at once as in Figure 4.5.
Therefore, it takes photo samples for very diverse training and longer training time to produce
smaller errors and maximum identification results.
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4.

Conclusion
The process of level pain identification based on the facial expression is discussed in this work. At
this time, the process of identify of the pain level is still done manually, which requires a not standard of
the medicine to do the task and errors can occur due to the level of the pain.
With this identification system for pain level identification based on the facial expression
identification system, it can reduce the occurrence of errors when give the treatment to the patient,
making it easier to identify the level of the pain and speeding up the time in the process identification.
5.
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