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	Abstract

	This paper gives a review on three illumination issues of face tracking on smart phones: dark scenes, sudden lighting change and backlit effect. First, we propose a fast and robust face tracking method utilizing continuous adaptive mean shift algorithm (CAMSHIFT) and CbCr skin locus. Initially, the skin locus obtained from training video data. After that, a modified CAMSHIFT version based on the skin locus is accordingly provided. Second, we suggest an enhancement method to increase the chance of detecting faces, an important initialization step for face tracking, under dark illumination. The proposed method works comparably with traditional CAMSHIFT or particle filter, and outperforms these methods when dealing with our public video data with the three illumination issues mentioned above.
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I. INTRODUCTION
When every smart phone nowadays is installed with cameras, powerful CPUs, large memories, they are expected to perform image processing tasks which used to be on a personal computer (PC). Different from applications on a PC, those on smart phones are more and more human-oriented, which means human interaction is enormously utilized. While touching and motion are traditional ways to communicate with smart phones, face-tracking based control emerges as a new trend. It provides fast face localizing for some interesting tasks such as cameras’ auto focus, smile or blink detection, expression recognition.
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However, face tracking on smart phones is much different compared with surveillance cameras, where illumination change is slow. On smart phones, images from the camera are not always in stable condition because of the fact that the camera is not fixed and the illumination is not constant. Additionally, automatic exposure control (AEC) embedded in every digital cameras, which is expected to give adaptive brightness adjustment on output images, suffers from sudden light change and backlit effect. 
Ultimately, this paper focuses on 3 main ideas. First is to find a skin model which is tolerably stable to illumination variance and dark condition so that it can be adopted for face tracking. Second, a good tracking algorithm should be fast and robust to avoid fast motion effect and blur motion. Finally, optimization should be considered for good performance on smart phone.

The rest of this paper is organized into four sections. Section II presents related work. Next, section III gives our proposed methods, including our previous work about illumination compensation and current work about CAMSHIFT with skin locus. Experimental results are provided in section IV. Finally, conclusions and future work will be presented in Section V.
II. RELATED WORK
Among the three issues to be considered, dark scene and sudden light change can be detected using brightness values, whereas backlit effect takes much more computations to detect. From an US patent, Jonathan Yen and William C. Kress [1] defined some characteristics of backlit images and two sets of predetermined backlit image types. They used darkness density threshold and edge percentage threshold to eliminate disqualified images. Also Jonathan Yen [2] suggested using face detection on compensated backlit images corresponding to different brightness values of sub-portions of a candidate portion, aiming at automatic backlit face detection. Recently, Hyung Jun Part [19] proposed a method in which histogram of chrominance are used to examine a set of backlit constraints.

III. PROPOSED METHOD
The flow chart in Figure 1 illustrates two main stages of our proposed tracking algorithm: tracking failure prediction stage and tracking stage. The first stage called tracking failure prediction is the most important key from our previous work [20]. In the paper, starting with 3 illumination issues, we give some brief review about the reasons and how to detect these issues. Next is our suggestion about fast brightness estimation of an image using regular sampling at a step of 10 pixels, which takes much less than 1 millisecond to evaluate the brightness of size 640x480. We also suggest GC and LT using mapping arrays as fast and proper methods to compensate an image containing dark faces in order to improve face detection rate. Finally, we propose a heuristic algorithm called tracking failure prediction to minimize processing time when tracking failure happens, which is clearly shown in Table 4. 
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Fig. 1. Threshold-based illumination compensation algorithm for face tracking

Table 2. Average precision, recall and F-measure when applying the two approaches on the five videos

	
	Method 1 
	Method 2
(with tracking failure prediction)

	Videos
	Precision
	Recall
	F-Measure
	Precision
	Recall
	F-Measure

	1
	84.5
	75.8
	79.9
	77.5
	83.7
	80.4

	2
	64.3
	64
	64.1
	67.8
	69.6
	68.6

	3
	71.5
	86.7
	78.3
	78.3
	75.4
	76.8

	4
	81.8
	83.5
	82.6
	88.7
	88.6
	88.6

	5
	90.5
	82.5
	86.3
	87.1
	87.5
	87.2

	6
	74.0
	58.5
	65.34
	77.4
	82.9
	80.1
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