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Facial Landmark Detection (keypoint detection)

• Face Recognition

• Driver Analysis

• Face Swap

• Head Pose Estimation

• Facial Region Extraction

• Emotion Detection

Facial Landmark Detection

https://learnopencv.com/facial-landmark-detection
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Facial Landmark Detection

Applications of Facial landmark detection (keypoint detection)
• Facial landmarks can be used to align facial images to improve face 

recognition

https://learnopencv.com/facial-landmark-detection
https://docs.opencv.org/3.0.0/da/d60/tutorial_face_main.html
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Facial Landmark Detection 

Applications of Facial landmark detection (keypoint detection)
• We can estimate Head pose -  where the person is looking 
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Facial Landmark Detection

Applications of Facial landmark detection (keypoint detection)
• Face Replacement/Face Swap



162

Facial Landmark Detection

Applications of Facial landmark detection (keypoint detection)
• Eye Blink Detection
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Facial Landmark Detection

Challenges (can have a significant influence on the final detection)
):

Jin, Xin & Tan, Xiaoyang. (2016). Face Alignment In-the-Wild: A Survey. Computer Vision and Image Understanding. 162. 10.1016/j.cviu.2017.08.008. 

Pose: Faces can have several different poses (e.g. frontal, profile, from the bottom)

Occlusion: For example, glasses, hair or other items can cover the faces

Expression: Different facial expressions can create deformation of parts of the face 

Illumination: Different Illumination Intensity (covering certain parts of the face, shadow)
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Facial Landmark Detection

Jin, Xin & Tan, Xiaoyang. (2016). Face Alignment In-the-Wild: A Survey. Computer Vision and Image Understanding. 162. 10.1016/j.cviu.2017.08.008. 

V. Kazemi and J. Sullivan, "One millisecond face alignment with an ensemble of regression trees," 2014 IEEE Conference on Computer Vision and Pattern Recognition, 2014, pp. 1867-1874, doi: 10.1109/CVPR.2014.241.
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Facial Landmark Detection

Khabarlak, Konstantin & Koriashkina, Larysa. (2022). Fast Facial Landmark Detection and Applications: A Survey. Journal of Computer Science and Technology. 22. 12–41. 10.24215/16666038.22.e02. 
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Facial Landmark Detection

Jin, Xin & Tan, Xiaoyang. (2016). Face Alignment In-the-Wild: A Survey. Computer Vision and Image Understanding. 162. 10.1016/j.cviu.2017.08.008. 

Generative : 
These methods typically 
construct parametric models (or 
statistical models, Active shape 
models) and try to find the optimal 
parameters that gives best fit of the 
shape model to the test image.

Discriminative: 
These  methods  typically use indep
endent local detector or regressor 
for each facial point. In many cases, 
this requires more training data. As 
time goes on, larger and larger 
datasets are being created, and 
methods based on deep learning 
have achieved very promising 
results and play a dominant role in 
this area in recent years.
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Facial Landmark Detection

Jin, Xin & Tan, Xiaoyang. (2016). Face Alignment In-the-Wild: A Survey. Computer Vision and Image Understanding. 162. 10.1016/j.cviu.2017.08.008. 
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Facial Landmark Detection

Jin, Xin & Tan, Xiaoyang. (2016). Face Alignment In-the-Wild: A Survey. Computer Vision and Image Understanding. 162. 10.1016/j.cviu.2017.08.008. 
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Facial Landmark Detection

Jin, Xin & Tan, Xiaoyang. (2016). Face Alignment In-the-Wild: A Survey. Computer Vision and Image Understanding. 162. 10.1016/j.cviu.2017.08.008. 

V. Kazemi and J. Sullivan, "One millisecond face alignment with an ensemble of regression trees," 2014 IEEE Conference on Computer Vision and Pattern Recognition, 2014, pp. 1867-1874, doi: 10.1109/CVPR.2014.241.
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Facial Landmark Detection

Jin, Xin & Tan, Xiaoyang. (2016). Face Alignment In-the-Wild: A Survey. Computer Vision and Image Understanding. 162. 10.1016/j.cviu.2017.08.008. 

Cascaded Regression

• This method starts from the average face shape.

• Estimates the amount of movement based on the image features for each detected point.

• Iteratively moves the detected points to obtain the predicted face shape.

V. Kazemi and J. Sullivan, "One millisecond face alignment with an ensemble of regression trees," 2014 IEEE Conference on Computer Vision and Pattern Recognition, 2014, pp. 1867-1874, doi: 10.1109/CVPR.2014.241.
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Facial Landmark Detection

Jin, Xin & Tan, Xiaoyang. (2016). Face Alignment In-the-Wild: A Survey. Computer Vision and Image Understanding. 162. 10.1016/j.cviu.2017.08.008. 

V. Kazemi and J. Sullivan, "One millisecond face alignment with an ensemble of regression trees," 2014 IEEE Conference on Computer Vision and Pattern Recognition, 2014, pp. 1867-1874, doi: 10.1109/CVPR.2014.241.

D. Lee, H. Park and C. D. Yoo, "Face alignment using cascade Gaussian process regression trees," 2015 IEEE Conference on Computer Vision and Pattern Recognition (CVPR), 2015, pp. 4204-4212, doi: 10.1109/CVPR.2015.7299048.
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Facial Landmark Detection - 
OpenCV

In OpenCV, we can use Facemark API and pre-trained model

C++ Documentation:
https://docs.opencv.org/4.5.5/db/dd8/classcv_1_1face_1_1Facemark.html

Python interface:
https://gist.github.com/saiteja-talluri/1d0e4fc4c75774b936b99c7c52b65fe6

https://github.com/saiteja-talluri/GSoC-OpenCV

More about models and methods:
https://towardsdatascience.com/faster-smoother-smaller-more-accurate-and-
more-robust-face-alignment-models-d8cc867efc5

https://docs.opencv.org/4.5.5/db/dd8/classcv_1_1face_1_1Facemark.html
https://gist.github.com/saiteja-talluri/1d0e4fc4c75774b936b99c7c52b65fe6
https://github.com/saiteja-talluri/GSoC-OpenCV
https://towardsdatascience.com/faster-smoother-smaller-more-accurate-and-more-robust-face-alignment-models-d8cc867efc5
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Facial Landmark Detection - 
OpenCV
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Alternatively, we can use http://dlib.net/ 

Object Detection - Dlib

Khabarlak, Konstantin & Koriashkina, Larysa. (2022). Fast Facial Landmark Detection and Applications: A Survey. Journal of Computer Science and Technology. 22. 12–41. 10.24215/16666038.22.e02. 

http://dlib.net/
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DLIB (to build in Windows, we need VS C++ and Python)
In my case, Dlib installation using pip in PyCharm works with Python 3.7.9
It means that you need to create a new python virtual venv with this python version
+ pip install cmake 

Object Detection - Dlib
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DLIB

Object Detection - Dlib
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Facial Landmark Detection 
Opencv + Dlib
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Facial Landmark Detection 
Opencv + Dlib
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Facial Landmark Detection 
MediaPipe 

https://developers.google.com/mediapipe/solutions/vision/face_landmarker#models

https://github.com/googlesamples/mediapipe/tree/main/examples

https://developers.google.com/mediapipe/solutions/vision/face_landmarker#models
https://github.com/googlesamples/mediapipe/tree/main/examples
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Human Pose Estimation

https://arxiv.org/abs/2012.13392
https://www.analyticsvidhya.com/blog/2022/01/a-comprehensive-guide-on-human-pose-estimation/

Types of Human Pose Estimation Models

https://arxiv.org/abs/2012.13392
https://www.analyticsvidhya.com/blog/2022/01/a-comprehensive-guide-on-human-pose-estimation/
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Human Pose Estimation

2D multi-person pose estimation: top-down and bottom-up methods.

Top-down approaches have two sub-tasks: 
(1) human detection and 
(2) pose estimation in the region of a single human.

https://arxiv.org/abs/2012.13392
https://www.analyticsvidhya.com/blog/2022/01/a-comprehensive-
guide-on-human-pose-estimation/

https://arxiv.org/abs/2012.13392
https://www.analyticsvidhya.com/blog/2022/01/a-comprehensive-guide-on-human-pose-estimation/
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Human Pose Estimation

2D multi-person pose estimation: top-down and bottom-up methods.

Bottom-up approaches also have two sub-tasks: 
(1) detect all keypoints candidates of body parts and 
(2) associate body parts in different human bodies and assemble them into individual pose representations.

https://arxiv.org/abs/2012.13392
https://www.analyticsvidhya.com/blog/2022/01/a-comprehensive-guide-on-human-pose-estimation/

https://arxiv.org/abs/2012.13392
https://www.analyticsvidhya.com/blog/2022/01/a-comprehensive-guide-on-human-pose-estimation/

