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OF : = RF, mm-wave IC — Phased Array IC
- Short Range Radar
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0] M1 ZCo0|0E AR TH7ITAI & o ElOHZPL ZHo
QUch SX[EH O] HTolMe= A2lE E floll E2l0|=5 ALES i

71ES AMEE AO|CHIL matd J2k2E QIEE AR} LLf J=2 =5
o QIHEHAT} Of2 ZIOtM single—ended CIXIQIS SIRALCH.

\
(G=14dB, NF=5.4 dB,
IP1dB=-9.7 dBm, I=16mA)

/
(G=14 dB, NF=4.3 dB,
IP1dB=-12 dBm, I=17mA)

/
(G=28dB, NF=4.3 dB,
IP1dB=-12 dBm, I=216 mA)

(G=14dB,NF=4.3dB, (G=6.8dB,NF=3.5dB, (G=21.2dB, NF=5.4dB,
IP1dB=-12 dBm, IP1dB=-9.7 dBm, IP1dB=-2.5 dBm,

1=17 mA) 1=4 mA) 1=52 mA)

Type B’

(G= 208dB NF=4.3 dB,
IP1dB=-12 dBm, |1=54 mA)

(G=12.2dB, NF=5.4dB,
IP1dB=-2.5 dBm, =52 mA)

(G=14dB, NF=4.3dB, (G=6.8dB, NF=3.5dB, (G=12.2dB, NF=5.4dB,

IP1dB=-12 dBm, IP1dB=-9.7 dBm, IP1dB=5.5 dBm,
1=17 mA) 1=4 mA) 1=26 mA)
Type C’

) & % =
Antenna HNP : : I> 2 : 50

(G=20.8 dB, NF=4.3 dB,
IP1dB=-12 dBm, =54 mA)

(G=12.2dB, NF=5.4dB,
IP1dB=-5.5 dBm, =26 mA)

IP1dB Gain NF Current | Power
Topology | (dm) | () @B) | mA | W)
A -9.3 4.1 10.7 528 0.95
A -9.3 4.1 7.3 3456 6.2
B -9.3 4.1 12.8 440 0.79
B’ -9.3 4.1 11.9 968 1.74
C -9.3 4.1 12.2 440 0.79
c -9.3 4.1 11.1 968 1.74

1% 3, 16-element phased arrayOf| A Ct2 < Abto[L 72204
ot Hw, (PIME07| &42 14 dBOIC)

-10dBm 2| IP1dB 2} 0d BBI 0|52 %= 16-element 2|2
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oy it —170lM —26dB H= AMA|7 (A =t

M2t ABCIE AME S&25| AFBE o UCh m2tM phased
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Main beam MME fA7I0f 2lsif ZH0| =M array factor2t
glxel MMl st R of Rt Wide-Angle(ZHd4ls) M
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Entire object is
learnt anywhere in
the image

More complex
parts learned at
next level.

* Lower level
learns simple
contours. Re-
used to learn
many objects

[Hawkins/Numenta IEEE Spectrum, 2007]
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Macaque Visual Processing System

Ventural Pathway =
Dorsal Pathway >

(Felleman and Van Essen, 1991)

O 4. Macaque #&0(2] AlZE Xz2| AIAE

= massive parallelism (1011 neurons), massive
connectivity (1015 synapses), M2 &&0| EFSIH (~
20W for 1016 flops), M&s2| AZXHE (~ 100Hz), X%
£o| 84l (~ meters/sec), M MUE synaptic H&, &=
Mol k31t fault-tolerantotH AHUXQI k50| 7SS 7
22 &[0] T

Brain Watson Road—runner
(Morphy the robot) (IBM)
i 10 racks of IBM Power
srie 100Bilion e i ot 6912 AVD2

= neurons processor cores 12960 IBM CELL

1KHz
gds (synaptic rate) 80 Tera FLOPS 17 Peta FLOPS
100 Peta FLOPS

FR|AD | 20 Watts for 10PF 200 KW for tpF 39 MW Fower

750 gigabytes to 15 terabytes of

=2 6.4 terabytes RAM

107 TB memory
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AL M2l 22|15 Z2|0jEIEE ALE5t0 ofH=a walg
AIZ23IH, Al2d 2212 2I5HM sparsedt CIX[E SAl giAl
2 AIZstct

Fhl|of E ME mHIE

oref 272 “The Mandala of the Mind"2tn =z2|=
Macaque #&0[2| &lof gt network ZE([1]0|H
cortex, thalamus, basal gangliadil Z%! 3837H2| vertex
E 4ol 2 BH5IH, 6,6027H2] edgesE 2t HAS A

ZHots 71 72l AZMS ojnjsict, ABEHOZ Cluster® 7
M3t #S ¥ 4 Ut

(modha.org/PNAS10/network.pdf)

[O& 5] Macaque 50| /9 UELT =&

#&0l= 32 10 ms2Z 10742] S| tisiA 80-100ms2]
X|HAIZES 7RI 2skg2 0-1000|H, WEIZE S
HA JAOSBZ Massive parallel processing0| 7HSSHH,
Wave pipeliningzt 22 HEiZ tE AlZto] spikesE &
et =~ ULk

Lo AE ZHEE Ci3nt 22 oA J7IX| aZE2 =2 EFELCL
1) Mathematical/Theoretical Analysis (e.g., Bayesian
coding hypothesis/probability density functions, ICA,
Sparse coding, Neural Darwinism) 2) brain—inspired
generic algorithm for computer vision, robotics and
learning (e.g., Numenta) 3) neurobiological
application specific system level for motor control,
vision, audition (e.g., MIT H-Max), 4) Neural circuit
level 5) Brain—inspired biophysical/cellular level
(e.g., EPFL Blue Brain).
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