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Demand for advanced driver assistance systems (ADAS) based on visual object detection is increasing for
reducing deaths and economic loss due to traffic accidents. These embedded systems require fast and
accurate object detection with limited power consumption. Due to the severe constraint on power
consumption, hardware-oriented designh optimization is a promising approach. However, it is still
difficult to satisfy the above requirements simultaneously because many existing object detection
algorithms are not designed considering hardware implementation. To address this issue, this
dissertation proposes a hardware architecture for an object detection method with aggregated channel
features (ACF). This dissertation approaches the issue through information—preserved algorithm and
hardware architecture for fast classification. For improving the trade—offs, this dissertation focuses
on information preservation in histograms of oriented gradients (HOG) feature descriptor and a
quantization method for boosted decision trees (BDT) classifiers, and highly-parallelized hardware
architecture for BDT.

For improving the trade—off between detection accuracy and power consumption of feature extraction, this
dissertation proposes information—preserved HOG feature descriptor named decomposed vector HOG (DV-HOG)
DV-HOG feature extraction is based on the decomposition of a gradient vector to generate a histogram.
DV-HOG extracts equivalent information to the original HOG, and it can be computed only with additions
and multiplications. The hardware architecture for DV-HOG utilizes the symmetry of the vectors to reduce
power consumption. Experimental results show that DV-HOG achieves the equivalent or better detection
accuracy to the original HOG only with one—-fourteenth hardware area

For reducing memory requirements, this dissertation proposes a quantization method for a BDT classifier,
which ACF uses as a classifier. The proposed method utilizes the BDT s characteristics that BDT is based
on the comparison of a pair of a feature and a threshold. Thus, the range of thresholds of a BDT
classifier is narrower than that of features. The proposed quantization method focuses only on the range
of thresholds for quantization. Experimental results show that the memory requirement can be reduced to
one-sixteenth with 2% accuracy degradation on INRIA Person Dataset, which improves the trade—off between
the detection accuracy and memory requirement

For improving detection speed, this dissertation proposes a hardware architecture for fast BDT
classification. The fast classification is realized by hardware—software cooperative approach: highly—
parallelized hardware and a software algorithm for avoiding memory access conflict from multiple
hardware modules. The hardware supports 3-D parallelized classification: 2-D for images like SIMD
operation and 1-D for feature channels. The hardware is designed to reduce hardware resources and
connections for improving the scalability to the high degree of parallelism. The scheduling algorithm
using a greedy approach determines the memory access pattern before classification. The evaluation
result shows that 1,024-parallel implementation is capable of classifying pedestrian in 350 frames of
Full HD images.

Based on the above three methods, this dissertation proposes an ACF object detection hardware. Thanks
to the high compatibility of ACF to hardware implementation and the above hardware—oriented algorithms
to overcome the challenges, the hardware achieves fast and accurate classification. An FPGA
implementation result shows that the proposed system can detect pedestrians in 170 fps a Full HD image,
which is 57-times faster than the existing ACF hardware implementation. As an evaluation in a practical
environment, the proposed hardware can process 6—class traffic object detection in 78 fps for a Full HD
image, which satisfies the requirement for the automatic braking system of ADAS

The main contribution of this work is the improvement of trade—offs between detection accuracy

detection speed, and power consumption in object detection, which is achieved by the use of the
information—preserved algorithm and hardware—-oriented approaches
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