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Abstract—This paper presents a novel system for vision-based 
driving posture recognition. The driving posture dataset was 
prepared by a side-mounted camera looking at a driver's left 
profile. After pre-processing for illumination variations, eight 
action classes of constitutive components of the driving activities 
were segmented, including normal driving, operating a cell 
phone, eating and smoking. A global grid-based representation 
for the action sequence was emphasized, which featured two 
consecutive steps.  Step 1 generates a motion descriptive shape 
based on a motion frequency image(MFI), and step 2 applies the 
pyramid histogram of oriented gradients (PHOG) for more 
discriminating characterization. A three level hierarchal 
classification system is designed to overcome the difficulties of 
some overlapping classes. Four commonly applied classifiers, 
including k-nearest neighbor(KNN), random forest (RF), support 
vector machine(SVM) and multiple layer perceptron (MLP), are 
evaluated in each level. The overall classification accuracy is over 
87.2% for the eight classes of driving actions by the proposed 
classification system. 

Keywords-component; driving posture recognition; driving 
assistance system; motion frequency image; hierarchal 
classification 

I. INTRODUCTION 
Unsafe and dangerous driving accounts for the death of 

more than one million lives and over 50 million serious injuries 
worldwide each year [1]. The WHO also estimates that traffic 
accidents cost the Chinese economy over $21 billion each year. 
One of key contributing factors is reckless driving. An 
emerging technology that has attracted worldwide attention is 
the development of an intelligent driver assistance system that 
continuously monitors not just the surrounding environment 
and vehicle state, but also the driver’s behaviors. One of the 
proposed solutions for automatic understanding and 
characterization of unsafe driving behaviors such as fatigue, 
eating and talking on a cellular telephone is by using a camera-
based system to monitor the activities of drivers. 

Previous works of vision-based driving activities 
monitoring mainly focused on the eyes, face, head, facial 
expressions or an appropriate combination [2-4]. Oliver and 
Pentland [5] proposed a machine learning framework for 
modeling and recognizing a driver’s movements, with 
emphasizes on how the context affects the driver’s 
performance, using graphical models, hidden markov models 
(HMMs) and coupled hidden markov models (CHMMS). Kato 
et al. proposed a system with a far-infrared camera to minimize 
the influence of variations from illumination and [6]. Cheng et 

al. presented a multi-camera method [7]. Veeraraghavan et al. 
and Zhao et al. recognized driving actions by exploiting 
drivers' skin-region information [8-9]. Tran et al. studied 
driver's behavior by foot gesture analysis [10].  

The task of driver behavior monitoring can be generally 
studied in the human action recognition framework, the 
emphasis of which is on finding good feature representations 
that could be robust to the variations in viewpoint, human 
subject, background, illumination and so on. This paper 
extends our previous work[11] which has yielded satisfying 
results by the joint application of motion history image and 
pyramid histogram of oriented gradients on driving action 
period recognition. In this paper, we studied the drivers' 
activity recognition by comprehensively considering 
illumination variation pre-processing, action frame detection, 
action clips segmentation, action clips representation and 
hierarchal classification. Our contributions include three parts. 
The first part is our deviation from many published works on 
drivers' posture based on static images, which has the potential 
problem of confusion caused by similar postures. As a result, 
we regard driving activity as space-time action instead of static 
space-limited posture and proposed a method for action 
segmentation from the original video data. The second 
contribution is the proposal of a normalization algorithm to 
reduce the influence from illumination variation caused by the 
camera’s built-in intensity compensation function. The motion 
detection and the further action segmentation all highly depend 
on the accuracy of frame difference, which is very sensitive to 
illumination variation. The last contribution of this paper is the 
proposal of the application of a hierarchal classification system 
for driving posture recognition. Some subsets of classes are 
difficult to classify due to their overlapping in some feature 
subspace. By treating original multi-classes as a hierarchal 
classification problem, overlapping problems can be alleviated. 

The rest of the paper is organized as follows. Section 2 
gives a brief introduction on the SEU driving posture dataset 
creation and the overview of the recognition system. Section 3 
explains the proposed method for illumination variation pre-
processing. Section 4 introduces the action segmentation 
algorithm. Section 5 reviews the concept of motion frequency 
image, with explanations of how they are applied in driving 
posture description. Section 6 gives the details of the hierarchal 
classification system. Section 7 reports the experiment results, 
followed by conclusion in Section 8. 



II. DATASET ACQUISITION AND SYSTE
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Figure 1.  System overview 

As shown in Fig.1, our proposed 
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IV. DRIVING ACTION SEGMENT

Figure 3.  Action segmentation 
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