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[bookmark: _Toc505350102]1. Introduction

The Internet has opened a digital era. It has become a major research hotspot to use machine learning and deep learning to extract high-level knowledge from a large amount of data and information for learning to complete human-computer interaction. The key to human-computer interaction lies in recognizing the characteristics of a specific part of the human body according to different interaction requirements. Biometrics has emerged as a fast and friendly identification feature. Existing mature biometrics include iris recognition, fingerprint recognition, speech recognition, gait recognition and face recognition, among which face is an important feature of biometrics.[1] Because of its convenience of extraction and non-invasive Characteristics, more able to be accepted by the subjects, and thus promote the field of research continues to mature.
As an important feature of biometrics, human face is more accepted by the appraisers due to its convenience of extraction and non-intrusiveness. It also attracts many researchers in the field of continuous research. Face research is based on the problem of whether a face or a face appears in a picture or video.[2] In order to identify the detected face, facial features such as the face key of the corner of the nose, the nose, the mouth, the chin, and the whole face must be further extracted The location of the feature, which is the key point location of the face in the usual sense. Face key point positioning for face recognition, facial expression analysis, face synthesis, face animation, face beautification and video telephony and other research work to provide the appropriate basic data, which plays a decisive role.[3]
Studying the human head posture and key points such as the corners of the eyes, the nose, the mouth and the chin are the key issues in the field of face analysis. These two problems have been able to achieve good results on the pictures. However, the picture-based method Mostly sensitive to strong light, and cannot handle well with large angle head face deflection and occlusion of the situation.[4] Due to the decreasing manufacturing cost of 3D scanners, the increasing accuracy of scan data, and the rich geometric information contained in depth data, more and more researchers are applying depth information to face analysis. Head pose estimation and face key point positioning are often divided into two independent studies, but the results of head pose estimation can provide good spatial transformation information for face key point positioning, and the structure of face key points can reflect the value of the head attitude vector, so how to combine these two is a core problem to be studied.


[bookmark: _Toc505350103]2. Background to the Proposed Research
With the rapid development of artificial intelligence and biometrics technology over the years, virtual reality technology has gradually been applied to people's daily life, and the way of interaction between people changes slowly. From ancient flying crane letters to later telegrams, then telephones, then to the Internet and now video calls, the communication is from scratch, from the time-consuming and cumbersome ancient times to the simple and quick nowadays. It is the great achievements people have made in the path of science. People did not stop the pace of exploration, and gradually turned their attention to the field of artificial intelligence and biological interaction, hoping only through the physical changes in the human body, head posture changes, voice, etc. , which can replace the keyboard, mouse and other external aids to achieve the same or even more complex functional operations.[5] And people strive to operate simple and quick, complex and complete functions, from interactive touch to intelligent virtual interaction.
Problems with existing methods
Although it is easy for people to recognize the location of facial keys, it is not easy to hand over this to a computer. There are three main factors that affect the accuracy of face key detection in 2D pictures or videos: First, because faces have complex three-dimensional surface structures, when projected onto a two-dimensional picture by a camera or video camera, the facial structure there will be a significant change. [6] The biggest problem for the image or video is the lighting conditions on the positioning accuracy of the key point; secondly, the orientation of the head toward the key point will have a significant impact in the same camera under the view, different head posture under the Ministry of structural differences is great; the third important factor is the facial expression, apparently facial expressions are intuitively affect the position of the facial key points. Therefore, the efficient and accurate positioning of face keys is a very challenging issue.[7]
The two issues of head attitude estimation and face-point location have been studied separately for many years and the good results have been obtained. However, image-based methods are more sensitive to light and head posture, which limits the applicability of the method. In recent years, along with the reduction of the manufacturing cost of 3D scanners (Kinect, Intel Realsense, etc.), the continuous improvement of the accuracy of scan data, the rich geometric information contained in the depth data itself, the head posture estimation based on depth data. The key point location technology has attracted more and more researchers. In addition, the cascaded regression method also achieved satisfactory results in the field of attitude estimation and face key regression. A key factor that determines the accuracy of the concatenation method result is the selection of the initial value. If the initial value is chosen to be very different from the real one, it is possible to cause the final result to fall into the local optimal solution and deviate from the true solution. In the existing methods for locating the key points of the face, the commonly used method of selecting the initial value is to use the normalized average shape as the initial value. This method is simple and easy. However, for the large-angle head gesture and the occluded Suitability is greatly reduced. Tracking methods can solve some of the big gestures and occlusions, but leave the problem of drift and initialization. Depth data itself contains a lot of noise, as well as the lack of holes and point cloud, which can cause great problems in the regression process if it cannot be effectively processed. Therefore, a good initial value selection method is very useful for accurate cascading key face positioning. In addition, face key points can also provide rich geometry information for the estimation and correction of head pose. Therefore, the combination of head posture and face key point regression is a way to improve the accuracy. However, one of the major problems with point cloud data is that it contains a lot of noise and holes. The difference in the integrity of the collected head point cloud data is very different under different head gestures. If using all these data together to train facial key point location model, the characteristics of the calculation phase may be due to a large noise interference serious deviation. Secondly, because of the rich data type training model is too large, which will result in longer test time, which is difficult to achieve real-time results.


[bookmark: _Toc505350104]3. Aims & Objectives
The aim of the project is to establish a mathematic model in programming circumstance to realise head posture estimation via the following objectives:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]To mathematically represent camera motion
The motion of 3D rigid object contains only two kinds of motions with respect to a camera, translation and rotation. Estimating the pose of a rigid object means finding 6 parameters — three for translation and other three for rotation.
· To figure out what we need for pose estimation
To work out the 3D pose of an object in a picture researchers need the following information: 2D coordinates of a few points, 3D locations of the same points and intrinsic parameters of the camera.[8]
· To research on pose estimation algorithms
There are lots of algorithms to realise the head position estimation, such as Direct Linear Transform (DTL), Levenberg-Marquardt Optimization and OpenCV solvePnP.



[bookmark: _Toc505350105]4. Research Methods

[bookmark: _Toc505350106]4.1 Philosophy
During my project period, I will be adopting a positivist approach as I will be downloading data existing in some technology websites with both the software, I will be measuring indexes such as accuracy, functionalities, Robustness, etc. I will then train that data to make my programmed system to be more advanced and intelligent. This shows I will be taking a deductive approach in order to hypothesise whether the software is smarter, more usable, has more outstanding features than the other versions of software.
[bookmark: _Toc505350107]4.2 Strategy
My research strategy will mainly be experimental, and if time permitted, some action research will also be adopted. I will be performing a research experiment on head position estimation in order to hypothesise whether different kinds of algorithm can lead to different results and performance. The other research strategy (action research) will involve innovative self-study on the cutting-edge machine learning algorithms and attempts to improve the existing algorithms with the goal that to boost performance of the old one. Another analysis I will be performing is studying some typical cases in order to determine where the core problems lies in the way of performance improvement and how to solve it.
To find out more hidden patterns in my study field, it is a great adventure as well as idea to read some thesis about different research topics in this field of computer vision. Some topics such as video tracking, scene reconstruction, event detection, object recognition are the heating issues of research. The study in these fields may inspire me to consider things with a wider vision and handle the existing problems with more useful tools and reliable methods.
There are thousands of ways to get a way to research on these diverse kinds of fields. As my first language is Chinese, I can assess to a lot of helpful Chinese websites like academic providers like Baidu Xueshu and Zhiwang, forums like CSDN. They are really useful for my previous researches and I think they are sure essential for me to overcome the puzzles which I will encounter in the near future in my research. And I can also read English, there are plenty of technology websites are written in English like Google Scholar and IEEE. Reading a large number of English words may be challenging for me, but it is exciting and rewarding as well because the training of English reading can make non-English speaker achieve further academic development in the future.
To make a smooth procedure of this project, concentration on the evaluation of the phased achievements are definitely necessary as it functions as milestone to tell the researcher to actually pay attention to which parts of the research in the next step to make the whole project process more coherent. If the current step is finding head position datasets, the expected phased achievement should be several large size random-sampling head positon datasets. And if these datasets are with great value, they are sure to help us train the datasets more successful to make an ideal estimation system.
[bookmark: _Toc505350108]4.3 Approaches

[bookmark: _Toc505350109]4.3.1 Data collection methods
Multi-research method will be adopted as the method of collecting data for most of the objectives. Quantitative and qualitative methods are supposed to be used to gather the data with the data which is analysed under the appropriate quantitative or qualitative technique.
To make a better head position estimation system, sometimes, data is more important than algorithm. So it is really necessary to have a thorough and careful analysis of the data to get an expected result or performance.

[bookmark: _Toc505350110]4.4 Risks & Limitations
Research in computer vision will be accompanied by many difficulties and setbacks. Any problems that arise in hardware, software, datasets, and methodologies will make research difficult to carry forward. Therefore, it is best for the researcher to prepare a good plan and psychological preparation in advance, the project completed a firm belief and commitment. Of course, it is also important to have appropriate programming and research skills in advance. 
In addition to these research risks, some unexpected risks must also be considered. For example, the researcher may be ill or delay the progress of the project, or where the researcher is in a geological disaster or bad weather, resulting in the project having to be postponed, terminated or streamlined. These all need to be considered. 
A limitation of the project is that head position estimation is constrained by both the development of the hardware and the quantity of the training datasets. A good algorithm seems shameful with slow hardware and small size training datasets. 
[bookmark: _Toc505350111]4.5 Data Evaluation
The research result will be shown in the form of program execution and the researcher will add some display of some sensitive data to make viewers have an overall vision of the how the system works and have a good comprehension of the key parameter. It is a proper idea to put relevant result pictures together to contrast the advantage of the designed system between the improved one and the old one.


[bookmark: _Toc505350112]5. Development Methods

[bookmark: _Toc505350113]5.1 Software Development Methodology
Some data can be extracted from the pictures that are worked on. To calculate the 3D pose of an object in an image we need 2D coordinates of a few points, 3D locations of the same points and intrinsic parameters of the camera. These data are related to head posture estimation. Then several algorithms can be applied for computer programming using OpenCV.



[bookmark: _Toc505350114]6. Resources & Planning

[bookmark: _Toc505350115]6.1 Resources Required
I require personal computer with great hardware performance, especially for CPU and graphic card. CPU is better to be i7 in 7th generation, and graphic card should be the best one product in the market, Nvidia GTX 1080. As machine learning calculation consumes lots of hardware resources, these high-performance hardware is essential to complete the project.
Programming Languages that will be used are C++ and the development environment is Visual Studio 2013. OpenCV and Dlib will be used as programming library to realise the algorithm and present expected outcomes.
[bookmark: _Toc505350116]6.2 Gantt Chart
In order that I can correctly assess what and when things should be completed and how to accomplish them, I have created a overall guideline using a Gantt Chart in Microsoft Project.
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