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Clock-number mapping of Euclidean distance was investigated for low-power,
fully-digital and word-parallel realization of minimum-distance search, which 1s important for object
recognition in mobile applications. Previously, a practical solution for this problem was unknown. By
minimizing square-calculation hardware and clock-cycle number for all search cases, a reliable and
hi%h-speed integrated-circuit solution was developed. A 180 nm CMOS prototype for 32 16-dimensional
reference vectors demonstrated fast search time of 1.2 micro seconds and low power dissipation of 8.8 mW,
meaning 10000 times higher energy efficiency than with advanced microprocessors (Intel 17-3970x). The
concept was extended to SURF feature-vector extraction and sliding-window technique for object
recognition in images. Another 65 nm CMOS prototype achieved real-time object detection in VGA (640x480

pixels) videos at 0.94 mJ energy consumption per frame, which is 8.7 times better than the best previous
work.

VLSI




INN ED
(2) 180nm CMOS
IC
3
45nm 65nm CMOS
) CMOS
MD ED
|(:2>LK
Input Data (N bit =< M) e
MD ED 8 SCup SC12 SCim L—SCE
MD ED g DCu | DCi2 N DCiv | ABM, M, ] W,
MD § SCo1 SszDEl SCam BAS § §
< eee E 2
é’ DCz | DC22 DCov | ABM, < [ M | g | W I
ED ¢ DE2 - % E;
s | PIE|: | 8
D—— 5 | SCri1| SCRr2 ves SC rm
ED x g [ocrm[oCr DC ru| ABMq Me | | W
DER I
Column Decoder & Read/Write | BAS 2N bit (ED?)
(N bit* M columns)
SC: Storage Cells
W: Winner/Loser signas BA: Bit Activator DC: Distance Calculator
ABM Activated Bits Match BAS: Bit Activation Signal (2N bits) DE: Distance Evaluator
)
(1) a ED?
AVj2=|Regr; -
Inj]2 DC
b
) DE
i
180nm CMOS DC DE 2
3) 65nm 45nm  CMOS AV
128 A2
3
FA DC
2 MUX
Q) 1 RCC
DFF AV
CMOS AV?
180nm MD ED
AV2 N




QD>

CLKD-¢ T I 1 '
' '
DC;, CLK_ACT
1% component | 20 wmponem M oompunenl A
.
1 a3 e ]
CLK_IN '\CLK IN, CLK _IN, Zlgﬁ;ll(\éazgﬂ’ - ﬁ
] 2N bit 1 sz 2N bit \\ o >
m Il ll 1 b 8
DE,; DEy <
B 1% component o cumpur\eﬂt . M component
Match, Match, Matchy v, Yy
' '
1
DC DE
Result fré)m higher-order bits
In,TEy,, Re, Mg ——— MBSC ———1
l_ | (Sharedfordlbitsices) |
|
MUX MUX SQiSiK AD (Y :
a |
CN csl I
a | |
Result shift toalower | | |
valuebit [ CVABNED |y
| I
L J—
TES DFF (Shared for al reference patterns)
MB (toall bit dices)
——D
1bit gy AD (N bit)
Result MBSC
CLK bit
AD
Lt (G05)
MBSC: Multiplier Bit Shift Circuit ~ MB: Multiplier Bit ~ CB: Carry Before
FA: Full Adder ~ RCC: Reversal Control Circuit ~ CN: Carry Next
AD?2 DC 1
Value from DC (N-bit)
AL
“LsB MSBY
CLK_IN, 9 Dy 9 Dy 9 Djngy ? Din
o CLK_IN,

MUX
(N input)

———AaBAX]1>
BA. 2>

A BASN-1>
N>

< BA!

Match,

FDIV: Frequency Divider UM: Unit Match

MDC: Match Detection Circuit

BM: Bit Match TG: Transmission Gate WV C: Weighted Value Counter
1 DE-
DFF
2
DE;i;
BA
4
WVC MDC
MUX
DE DE;i; WWwWC
0
FDIV DEj;
N
BA
5
(2) 6 180nm CMOS

S 5AS 2N bit
Ami?,ia‘“m Log;2N bit Generator AB‘/%
Controller (decoder function)
- SE (Search End)
D CLK_ACT
R bit M
1 IDFF SE
3 (Search End)
i D SEL
3 >e——D CLK_ACT
§ ABM,; D —D M,
> BA
32 16
8
ED
4.31
6
8
VDD =
8V 47MHz VvDD=15 36MHz
vVDD=12V 24 MHz
32nm CMOS
i7-3970x
330
180nm CMOS
1.1x 10* 1.2x 10°
16 19 25
1.8 15
12V VDD

‘Q
~
5
= Search Key Data |
= =
> Memory & ;
r Distance Evaluators =
§ (32 rows, 16 units, 8 bits) ;,
g &8
= T
gmﬁs.ﬁ..‘?i,"_'ﬁ@?ﬂumnhDecoder i
{24
e m— 5:2-mm — -
Technology 180 nm CMOS
Supply voltage 18v
Function Min. Euclidian-distance search
Organization 32-word, 16-unit, 8-bit
Max operation speed (1.8 V) 47 MHz

Mean search time (1.8V)

1.19ps (5.77 ps @ worst case)

Power consumption (1.8V)

8.75 mW (@47 MHz)

Area

4.31 mm?
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