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~ Abstract

In this paper, we designed a low power face detection hardware and analysed its power consumption. The face

detection hardware was fabricated using Samsung 0.18um CMOS technology and it can detect multiple face locations from
a 2-D image. The hardware is composed of 6 functional modules and 11 internal memories. We introduced two operating
modes(SLEEP and ACTIVE) to save power and a clock gating technique was used at two different levels: modules and
registers. In additional, we divided an internal memory into several pieces to reduce the energy consumed when accessing
memories, and fully utilized low power design option provided in Synopsis Design Compiler. As a result, we could obtain

68% power reduction in ACTIVE mode compared to the original design in which none of the above low power techniques
were used.
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input : 640*480) gray image
output : face_range

while (begin_ratio * mult ratio > end ratio) do {
resize(ratio, original image, resized_image)
ict(resized_1mage, ict_image)
find_cand(8+8 filter, ict_image, pre_candidate rangel) }
group(pre_candidaterangel, candidate_rangel)
repeat all candidate_rangel {
while (begin_ratio * mult_ratio > end_ratio) do {
resize(ratio, candidate rangel, resized image)
ict(resized_image, ict_image)
find_cand(16*16 filter, ict_image, pre_candidate range?)
group(pre_candidate range?, candidate_range?2) } )

repeat all candidate_range? {
while (begin_ratio * mult ratio > end_ratio) do {
resize(ratio, candidate_range?, resized image)
zct(resmed_lmage ict_image)
find_aond(20+20 filter, ict_image, pre_candidate range3) }
group(l;ne_candidate_range& face_range) }

i
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Multiple face detection algorithm.

1.
1.

(a) d2dE AMAHE (Face detection system)

o Input Image size = 640x480 = Ciock = 100MHz

- START ACK
. :

(1) (2) 3) (4)
0.03 003 | 0.13 0.02

Image § i ,
. capture image store : Core_processing | Display

b) d=8&2| EX (Flow of face detection)

ag 2. g=dE SIEHY
Fig. 2. Face detection hardware.
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Fig. 3. Face detection hardware block diagram.
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Table 1. Power Consumption Comparison (UW/MHz2).

Words 163&4 2048 256
bpw 16 16 16
ba 1 1 1
Power_read 222.44 150.71 116.65
Power_write 236.25 162.73 124.89
Power_standby 41.89 3713 31.36
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DBUS ; | Memory
A
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Fig. 10. Memory Organization.
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Table 2. Total Power.

100Mhz
25 /s 25 f/s
1721 uW 1512 uW 15.12 uW
Short circuit 101.81 mW 27163 mW 051 mW
Switching 32.37 mW 19.37 mW 0.20 mW
Total Power 134.20 mW 47.00 mW 0.71 mW
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Table 3. Memory Power Consumption analysis. P-n T
— 1
resize_mem 0.66 0.30 0.01 - Dot
ict_mem 0.66 0.30 0.01 ——1
cand_mdm 0.80 0.34 0.01 EN
result_mem 2.02 1.00 0.03 I—h
CLK B —_
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Table 4. Module Power Consumption analysis.

(@) k=0l B X|AE &4 (without Clock gating)

— o — - D_in
—>
Sl mod B L b_ou
oD Tioce 071 | 071 | 2.43e-7 D_out
Active mode 12.14 | 7.09-7 13
controller ' 0 1456
Filter set | 1963 | 87% 7 | 633 | 0 | 6487 =" . W_D
Resize set | 1668 | 4.30e-7 | 4.62 0 2.10e=7 CLK
Resize 9.08 | 317 | 170 0 1.36e-7 ) ] _ .
ICT 1606 | 815e-7 458 0 6.82e-7 (a) ZEE AolE = Mgt gX|AE g (with Clock gatlng)
Find cand | 1748 | 474e-7 | 734 | 0 | 3.50e7 a2l 14, 3 X|AE EA
Group 3504 | 6987 | 1460 | 0 | 52le7 Fig. 14. Register synthesis
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Table 5. Gate count comparison.
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