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Abstract: In the unconstrained open-space, face detection is still a challenging task due to the facial posture
changes, complex background environment, and motion blur. The rotation-invariant algorithm based on cascaded
network and pyramid optical flow is proposed. Firstly, the cascading progressive convolutional neural network is
adopted to locate the face position and facial landmark of the previous frame in the video stream. Secondly, the in-
dependent facial landmark detection network is used to reposition the current frame, and the optical flow mapping
displacement of the facial landmark between the two frames is calculated afterwards. Finally, the detected face is
corrected by the mapping relationship between the optical flow displacement of the facial landmark and the bounding
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box, thereby completing the rotation-invariant face detection. The experiment was tested on the FDDB public data-
sets, which proved that the method is more accurate. Moreover, the dynamic test on the Boston head tracking da-
tabase proves that the face detection algorithm can effectively solve the problem of rotation-invariant face detection.
Compared with other detection algorithms, the detection speed of the proposed algorithm has a great advantage,
and the window jitter problem in the video is well solved.
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Table 1 Speed and model size between different methods

Method CPU/fps GPU/fps  Model size/M
Faster R-CNN(VGGM) 1 21 350
Faster R-CNN(VGG16) 0.5 11 547
Cascade CNN 31 68 4.2
Cascade CNN+STN 15 31 4.7
Divide-and-Conquer 14 21 2.2
SSD500 1 21 95
R-FCN(ResNet-50) 0.8 16 123
Our 34 64 3.7
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Fig. 9 Test results on Multi-face video
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Effect picture

Overview: In recent years, with the rapid deployment of video surveillance in urban space, the public security depart-
ment has collected video in a massive unconstrained open environment. There are complex problems such as scale
change, partial occlusion, motion blur and illumination change in the face detection of video stream. In particular, face
rotation affects the performance and efficiency of the entire face recognition system. In this paper, the in-plane rotation
problem of face detection in video stream is combined with the pyramid optical flow, and a rotating invariant face de-
tection algorithm based on cascaded network and pyramid optical flow is proposed. Firstly, the cascading progressive
convolutional neural network is used to locate the face position and facial landmark of the previous frame in the video
stream. Secondly, the optical flow mapping between the facial landmark and the bounding box is obtained, and the in-
dependent facial landmark network is used to detect the current frame. After that, the optical flow displacement of the
key points between the two frames is calculated. Finally, the detected face of the video is corrected by the mapping rela-
tionship between the optical flow displacement of the key point and the face candidate frame, thereby completing the
rotation-invariant face detection. The experiments were tested on the FDDB public datasets. The ROC curve on the
FDDB evaluates the performance of the face detection method. When the number of false positives is less than 160, the
performance of our method is better than other methods. When the number of false positives is more than 160, the face
detection result is close to Face R-CNN, which proves that the method has higher accuracy. Moreover, the dynamic test
on the Boston head tracking database proves that the face detection algorithm can effectively solve the problem of rota-
tion and scale change of the target area in the plane. The speed of this algorithm with other rotationally invariant face
detectors on standard .mp4 video is compared. The minimum face size of these images is 100x100. The experimental
video has a uniform length of 10 s, a frame rate of 30 frames/s, and a picture size of 640x480. Experiments show that the
algorithm detection speed has a great advantage, and the window jitter problem in the video is well solved. The average
detection rate of the algorithm in this paper is higher than the general video frame rate, and the model size is small,
which is suitable for mobile devices. Time costs are greatly reduced compared to the methods of learning rotational in-
varjant features and segmenting samples by highly complex networks.

Citation: Sun R, Kan J S, Wu L W, et al. Rotating invariant face detection via cascaded networks and pyramidal optical
flows[J]. Opto-Electronic Engineering, 2020, 47(1): 190135
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