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Abstract

This paper propose the structure of real-time face detection hardware architecture for robot vision processing
applications. The proposed architecture is robust against llumination changes and operates at no less than 60 frames per
second, It uses Modified Census Transform to obtain face characteristics robust against illumination changes. And the
AdaBoost algorithm is adopted to learn and generate the characteristics of the face data, and finally detected the face
using this data. This paper describes the face detection hardware structure composed of Memory Interface, Image Scaler,
MCT Generator, Candidate Detector, Confidence Comparator, Position Resizer, Data Grouper, and Detected Result Display,
and verification Result of Hardware Implementation with using Virtex5 LX330 FPGA of Xilinx, Verification result with
using the images from a camera showed that maximum 32 faces per one frame can be detected at the speed of maximum
149 frame per second.

Keywords : Modified Census Transform, Adaboost Algorithm, Face Detection, Real~Time,
FPGA Implementation, Hardware Design
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Fig. 3. The four classifiers of Cascade Detector [2].
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Table 1. Size changes and Required time by Phases :
when using 54 MHz clock.
&7 AN A7) | 28 A | FH Az
0 (994 | 320 x 240 | 1464 ms | 1464 ms
1 284 x 213 | 1152 ms 2616 ms
2 252 x 189 | 0910 ms 3526 ms
3 224 x 168 | 0.718 ms 4244 ms
4 199 x 149 | 0561 ms 4805 ms
5 176 x 132 | 0440 ms 5.245 ms
6 16 x 117 | 034 ms | 5585 ms
7 138 x 104 | 0268 ms 5857 ms
8 122 x 92 0.210 ms 6.067 ms
9 108 x 81 0.166 ms 6.233 ms
10 % x 72 0.129 ms 6.363 ms
11 & x 4 0.101 ms 6.464 ms
12 x50 0.078 ms 6542 ms
13 66 x 49 0.060 ms | 6602 ms
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Table 2. Confidence Rule Table using Fixed point transform,

@ & (1, Tt (14, 100Me] MRS of
{a) Confidence value example at Coordinate (1, 1) & {14, 10)
MCT % 1, b (14, 10
1 1.302622 0.315946
2 1.772520 0.000000
3 0.487639 0.000000
4 0.937634 0.831502
5 0155170 0.361624
6 0.316182 0.793199
7 0.308015 0.469133
8 1.77252 0.839976
9 1.154538 0.686302
10 0.358852 0.000000
11 0.000000 0.993162
N t Lt
511 0.153845 0485727
o H(1, 1) @88 1H A5 A #HE (16bis)

(o) Q 8.8 Fixed Point Format(16bits) transform example.

A (1, DY A8% Q 88 Format (16bits) #E o

MCT # Azt AFH S
1 1.302622 00000001 01001101
2 1772520 00000001 11000101
3 0.487639 00000000 01111100
4 0.937634 00000000 11110000
5 {.155170 00000000 00100111
6 0.316182 00000000 01010000
7 0.308015 00000000 01001110
3 1772520 00000001 11000101
9 1.154538 00000001 00100111
10 (0.358852 00000000 01011011
11 0.000000 (00000000 00000000
! il e i
511 0.153845 00000000 00100111
rma;fg L1 Confidence LUT(SI 1x16}
m;go,,)—%mnﬁdence LUT(51 1x16)— confidence| | Confidence
McF Adder || ™Mo
Imago(1,2) ———{Confidence LUT(51 x16)}—
m(zo Z}W Detected
Position __l:osftions
ma;‘(;{ 208 Calculator
xmaglg?zro,zo
HN sync info
J3 8 4MEE dHD EE YE #=

Fig. 8 Confidence Mapper Block Diagram.
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s
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Table 3. FPGA Synthesis Result Summary. HE 9 QHEE
- - - - Table 5. Face detection result.
Sh‘c‘e Lf)glc Used  Available Utl}lla— (MIT+CMU and Yale test sed).
Utilization tion ,
Number of Slice 18,651 207,360 8% P nae °oAE A5
Registers i o=
Number of Slice 80.796  207.360  38% (Detection rate) | (False-positives)
LUTs _ Test A 70.41% (119/169) 1
Number used as 26,295 207,360 12%
logic Test B 64.949 (100/154) 0
Number used as 54,288 54,720 99%
Memory 0
Number of 1762 414720 1% Test € 86256 (156/183) 0
route - thrus Sum (A, B, C) | 74.11%(375/506) 1
Slice Logic
Distribution "~ o
Number of occupied 29,450 51,840 56% Yale Test set | 100 9% (166/165) 0
Slices
Number of LUT Flip 90,133 Average 80.48% (540/671) B

Flop pairs used

Number with an 71,682 90,133 79%
unused Flip Flop

Number with an 9,337 90,133 10%
unused LUT

Number of fully 9,214 90,133 10%
used LUT—FF pairs

Number of unique 5,243

control sets

Number of slice 7,192 207,360 3%

register sites lost
to control set
restrictions

5]
N

o3 Yatoll wE oiZg] AR L AL AL
{320x240 size HAH 7|F)

Table 4. Memory requirement & Processing Time by
input Image (320x240 size image unit).
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Table 6. Comparison to previous FPGA Implementation
Logic Video Detection
elements | rate(fps) | accuracy
McCready
89,856 30 fps 309 %
System [10] f °
Duy Nguyen
. 15,050 41.7 fps 366 %
System [11] o °
Our System 26,295 30 fps 100 %
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