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Abstract 

Robotics technology is growing and advancing. The robot is a very important work for modern human life today 

to facilitate all human work. This era of robotics advances began to replicate the form and was able to mimic 

almost all human activities entirely, from robots that have a vision, deportations, and human-like movements. 

Research Robot Head 2 degree of freedom (DOF) for face detector in real-time use. The results obtained in the 

servo movement are angles to determine the detection of the captured face. For the real-time accuracy of the face 

detector in this study, the 3-student sample testing with the greatest precision was 95.25% with the fastest detection 

response time of 7 seconds. 
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 Introduction 

Robotics technology is growing. Robots are very important work for modern human life today to facilitate all 

human work. The Robot is created to replace the human role in work that requires speed and accuracy. The 

development of the robot world today will be focused on being a robot that has human-like features. In fact, it is 

hoped to have the ability to interact and behave like humanoid robots(Kumra & Kanan, 2017).  

The world of robotics enters various facets of human life ranging from military, industrial, automation, 

entertainment, education as well as the medical field. The humanoid robot is one of the implementations in the 

world of robotics that can mimic various human activities. In research efforts to analyze the movement of the 

robot's head that detects the motion of the interlocutor and responds(Lee, 2012)(Prasetya et al., 2019a). Sensors 

are the senses for robots that can recognize various parameters around the environment, such as robots that can 

see using the camera or can be called with robot vision(Lasmono, Sari, Kuncoro, & Mujahidin, 2019).  

The robotic advances to mobilize like a human being, the robot must have a human-like joint designed with a 

movement mechanism composed of several parts in a series that is connected to a shaft that moves and shifts that 

have a Degree of Freedom (DOF)(Marasco, Kim, Colgate, Peshkin, & Kuiken, 2011)(Prasetya et al., 2019b). In 

accordance with its function in the joint humanoid robot is very important because it uses the servo motor so it 

appears to resemble the human movement. The development of the robotics World Head Robot design is designed 

to combines branches of robotics science and computer vision with various methods used to detect or object 

recognition. The method to be used is the Haar Cascade Classifier for the face detector as the object captured by 

the camera with the 2 degree of freedom Movement on the servo motor as the control of the head movement to 

follow the camera's captured face(Mujahidin, Prasetya, Setywan, & Arinda, 2019)(Hidayatulail & Mujahidin, 

2019). This humanoid robotic head robot's device can interact like a human in general by using face detection and 

implementing the Haar cascade classifier method on the robot head. 

 Research methods 

In the design and manufacturing of robotic head tools there are several steps in testing that aims to determine the 

quality of the design that will be researched and in the analysis with the expectation of data on the performance 

of tools Useful for the future(Siswanto, Prasetya, Rachman, & Hidayatulail, 2019)(Mujahidin & Hidayatulail, 

2019).  
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2.1 Block diagrams 

The diagram block used for the face detection system for the design is divided into three stages as shown in Figure. 

The first image input was made resulting in an integral image of the new call, in the second stage of extraction 

characteristic was carried out using the Haar-based filter, and finally increased use for the development of the 

Cascade classifiers. 

 

Fig. 1: Face Detection Diagram block  

2.2 Integral Image 

Integral Image is used to determine whether or not the sample exists within hundreds of features in an image 

quickly and with different scales efficiently. 

 

Fig. 2: Integral Image 

Figure. 2 is the x, y location, contains the number of pixels from the top left of the image and can be counted as 

shown below: 

                                                           𝑖𝑖(𝑥, 𝑦) = ∑ 𝑖(𝑥′, 𝑦′)

𝑥′≤𝑥,𝑦′≤𝑦

                                                     (1)  

Where II axis (x, y) is an integral image and I axis (x, y) is an original image. 

2.3 Feature Extraction 

In the image, the characteristic of the object is extracted by applying a specific function that allows the 

representation and description of the object to be interesting, this filter can be efficiently calculated on an integral 

image. In Figure. 3, for a two-dimensional object, which consists of light and dark, the next combinations of the 

box-shaped combinations will be used when detecting visual objects for better(Gerber et al., 2013)(Mujahidin et 

al., 2019).  

 

Fig. 3: (a). Haar Like Features (b). Haar Like Features with Integral Image 

In Figure. 3, the Haar filter convolution with an integral image is displayed. From this operation, a characteristic 

can be extracted in a constant time on an integral image by adding and decreasing the vertex values for each 

rectangle(Sugiarto, Mujahidin, & Setiawan, 2019)(Mujahidin, Pramono, & Muslim, 2018). For greater clarity, on 

the image the number of pixels that make up a rectangle D can be counted as, 
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                                                          𝑆𝑢𝑚𝐷 =  (4 + 1) − (2 +  3)                                               (2) 

Where 1, 2, 3, 4, is the value given in the image that is integrated in that location. 

2.4 Classifier 

Analysis of an object in the form of an image in the Classifier detection stage defines a given set of characteristics 

this is a classification method that combines several basic classifications to form a more complex and accurate 

one the application of the Cascade classifications allows obtaining good results in Figure. 4, is a cascade 

classifications scheme. 

 

Fig. 4: Cascade Classifier 

Figure. 4. is a classification process by using Cascade Classifier, the sub image is a picture image to be used will 

be done image detection does loop looking for a face model as much as Fn the loop process is performed as much 

as Fn if it is worth it Then immediately found the face model, otherwise the loop process will continue until the 

Fn(Otte, 2008)(Sugiarto et al., 2019). 

2.5 Operation Planning. 

In the Operation Planning that Indicates the whole system starts from the program start and initializing the 

Raspberry Pi port used, after which digital image data is detected by the camera, after the direct input image will 

be in process for determining the image detection area that has been Captured camera(Omran, Riha, & Dutta, 

2013)(Mujahidin & Arinda, 2019). Object detection will be processed by face detection by using the Haar cascade 

classifier method to identify the object, directly after the object is detected otherwise the process repeats at 

determining the detection area if yes, the Raspberry Pi receives Data and sending head movement data. To move 

the servo part of the neck and head, on the neck if the detected object moves to the X axis if yes the servo motor 

moves towards the X axis and the head moves towards the left, otherwise the servo motor moves towards the x-

axis and the head moves towards the right, on the head if the detected object moves to the Y axis if yes the servo 

motor moves towards the Y axis and the head moves towards the top otherwise the servo motor moves towards 

the y-axis and the head moves towards the bottom(S, Rabi’, Minggu, & Mujahidin, 2019)(Kusuma, Prasetya, 

Kholid, & Mujahidin, 2019). The servo motor movement positions the camera that detects the object at the center 

position wherever the object is detected. Once the data processed output from the Raspberry Pi will be displayed 

on the monitor screen to display the camera captured image(Zhang, Y., Yasuno, T., D A Prasetya, 2013)(Pambudi, 

Maajid, Rohman, & Mujahidin, 2019). 

2.6 Schematic Series 

A network schematic that connects all the components designed in Figure 3. 

 

Gambar. 5 Schematic Perancangan Sistem kendali Kepala Robot 
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Figure. 5 shows the Raspberry Pi hardware design as a mini PC, a camera connected to the available Raspberry 

Pi USB port, the PCA9685 motor driver for servo control connected to the GPIO pins on the Raspberry Pi and the 

servo motor for the drive on Humanoid robot head pre-installed on the servo driver PCA9685(Ardiansyah, 

Minggu, & Dirgantara, 2019)(Wibowo, Suprayogi, & Mujahidin, 2019) (D A Prasetya, T Yusano, 2012). 

 Results and analysis 

This research performs analysis focusing on the tools implemented by retrieving data from the camera capture 

using the Haar Cascade Classifier method for the face detector and the position of the robot head. 

3.1. Results 

The Data that will be used for testing detects faces in real-time using the camera with a sampling of 3 different 

students to detect faces in table 1. 

Table 1: Testing conducted with 3 students 

No Sample Testing 
Distance 
(meters) 

Time Results Accuracy 

1 1st Student 

1 7 Detected 

95,25% 

2 7 Detected 

3 7,79 Detected 

4 7,83 Detected 

5 7,89 Detected 

6 16,36 Not Detected 

2 2nd Student 

1 7,09 Detected 

80,95% 

2 7,85 Detected 

3 7,86 Detected 

4 8,14 Not Detected 

5 8,67 Not Detected 

6 20,75 Not Detected 

3 3rd Student 

1 7,34 Detected 

85,71% 

2 7,49 Detected 

3 7,64 Detected 

4 7,99 Detected 

5 8,72 Not Detected 

6 9,81 Not Detected 

 

  

Fig. 6: Face Detection response graph 

In Figure. 6 shows a face detection response from a table that shows the difference. 

 

 
Fig. 7: Face Detection student Testing (a) results. Student 1st (a). Student 2nd (c). 3rd Student. 
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Figure. 7 is a result of facial detection on different students with the Haar cascade classifier method for robotic 

head detector(Kahn, Lum, Rymer, & Reinkensmeyer, 2006)(Alhamzawi, 2018)(Yuwono & Mujahidin, 2019)(D 

A Prasetya, EFA Phong Thanh Nguyen, Rinat Faizullin, Iswanto Iswanto, 2020)  

3.2. Analysis 

Trials of 1, 2 and 3 tests have the same high success rate that the 1st test has a face detection rate of 95.25%, the 

2nd test has a face detection rate accuracy of 80.95%, and testing The 3rd has a face detection rate of 85.71%.The 

success rate of face detection is influenced by the face detection distance, for a 6-meters distance per student test 

of the 1.2, and 3 undetectable in each test. In the table, the time required to detect faces at a distance of 6 meters 

in each test is the longest. Failure in detection is also due to many factors Lighting, distance factor when detecting 

faces, and some images also have noise. 

 Conclusion 

Based on analysis, the design and implementation of the face detection software can be concluded as follows: 

• System can detect faces by using the Haar Cascade Classifier method well and quickly. 

• Maximum detection rate is 6-meter with a longest face detection response of 20.75 seconds. 

• The specifications the camera uses will affect the accuracy and speed of the system detecting. 

• Highest accuracy rate is 90.25% of all experiments. 
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