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“ NeurallNetwork, = Fuzzy Logic * Evelutionary Systems

DN DOMAIN

Multi-Strategy Adaptive signal processing

E-Nose = Bio-Chemical Detection

Polymorphous Computing = Bio-Computing
Embedded Bio-Inspired Systems

3. FUTURE DIRECTIONS
4. SUMMARY AND REMARKS ECEEEN
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Super Computer Pigeon’s Brain

*120HZ

BIOLOGICAL

SEQUENTIAL NEURONS
DIGITAL DISTRIBUTED
COMPUTATION PARALLEL

LEARNING
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Not so good at
Good at *Interacting with noisy data or data
*Fast arithmetic affected by the environment
*Doing precisely what the N «Massive parallelism
programiner programs Fault tolerance
them to do *Adapting to circumstances

*Quick cognitive decisions
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Solitlons fs only gausslols Wi

- Effzcilve Algoriinms,

> Fagt Networks (microslacironics), wnd
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= GENERAL SoC

* Inorganic Computing, Bio-Memory, bio-inspired
Interfacing, Bacteria-based Interfacing

=» Small, Fast, Cost and Yield Effective Applications.
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Oakland Where can Bio-Inspired systems help?
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*where we can't formulate an
algorithmic solution.

*where there are lots of
measurements/inputs/examples of
the required behavior.

e Structure Decision making from

== .

i
i

existing data.

This is particularly useful with sensory data, or with data from
a complex (e.g. electronic nose, chemical, manufacturing,
swarming, command and control or commercial process.) There
may be an algorithm, but it is not known, or has too many

~ | variables. It is easier to let the network learn from examples.
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*  Neural Network,
* Fuzzy Logic

Evolutionary Systems
Viulti-Valued Logic 5/5 EMS

@

L

1.2-c. Structures

1.2-d. Materials

1.2-e. Technology
(For details please contact Professor H. S. AbdeIiAty-.Zo.hglyL E
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and to maximize feature correct outputs.
Binary class outputs. (RNN)

*Given raw measurements with desired goals

' For each gas the network is given exact features
S u perVISGd Output features are similar to Chemical/Gas

Chromatograph. Converges to exact features N
(RDNN) ]

° Plast|C N NS Neural Networks with Synaptic Plasticity€e«=> N
Conforms to the environment H
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Absorb light in complex but definite ways.

« Adigital IC to identify proteins by performing signal N
processing techniques to search for known absorption pattern
In @ noisy or overlapped absorption signal. N
Laboratory measurements for protein characterization,

|
voxel definition.... [
|
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I—Ribosomes

]—Prmeins

Lipids
:l— Small molecules

T—Atoms

Signal Processing

Is Needed

Gas Moleg;

mutation rates of proteins —I

organism lifetimes
macroscopic rates (e.g., heart)
H-exchange inside protein

thermal dissociation

conformational changes

protein ligand recombination

diffusion limited reactions {

rotation times

fluor
primary proce n photosynthasis,
purple membrane and hemoglobin

molecular relaxation timg
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Airborne &
Bio-Chemical Sensing

Analog
Micro
Control
ler

BIO-CHEMICAL SENSING

—>

Pre-
Proces.
Feature
Extract

ion

& DETECTION
Intelligent Bio-Inspired Signal Processing

n

—
GA Neural Decisio
for Network

Charact System "
o y Making

erizatio

Information Transmission
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Example of Microsensor Devices
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Layout of a Buffer with a Transmission Gate and 4 To 1 Analog Mux

Microwind
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New GA Approach for Dynamic

Oaldand BioChem Measurements Characterization

First Chromosome

010 (1|1

Random Chromosome

1[0

romosome

Sorted Matrix

Initial L
Matrix

128 Elite
values are
picked
from
different
matrices
with
different
inputs and
are stored In collaboration with

» in this M. Zohdy & D. Bouchafra
Initial RAM

Matrix
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ADVANTAGES:

‘Dynamic

*Algorithm for BOTH Cross-over and Mutation
*No pre-determined Error-limit

‘Reach Convolution in less than 10-iterations
(generations)

Simple for Hardware implementation
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!

Initial weights

Normalized input
distribution

wiL2) O

T

Weights after training

1- Self Organizing Feature Map On-a-Chip
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y_ N-NEURON
Oakland RECURRENT NETWORK

0 15| 0.4

EN __‘

Houral

Hatwork

" o1 | Implem

=s=24ay
T=2404A

o ‘ :n:I
&

n neurons dynamic neural network

Block diagram for RDNN system, with ‘y’ as incoming signal. Block
representation for implementing N-neurons RDNN. Outputs of 4-neurons
system. IC layout of a 2-neuron RDNN chip.
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) 4- REINFORCEMENT NN

Oakland 4-Neurons, 3-Features ©
UNIVERSITY

MoenLincwr Connpemmr Bloch
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Input Layer

Oaklind 4- SINGLE NEURON RNN

2

Features
4

MULTIPLIERS |

1;"2"1-»14 hmn ﬁ
' u

l

[ Reinforcement Learing
u Rule i

Weight Increment
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DIGITAL VLSIC CHIP OF
REINFORCEMENT NEURAL
NETWORK
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Simulation of
Integrated
Programmable
Sigmod Function
Chip
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Analog implemented sigmoid function using 1.2um CMOS
technology through MOSIS

E5T
-
L= |
L
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e
g
i

Figure 5.7 ALAGIC layoul of the aralog sigrmoid funcison cirnoust

Fipure 5. .8: fnpw ouipud claracierisises of dthe ssgrmodd ciroesi
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NEURAL NETWORKS FOR
BIOTECHNOLOGY

ANALOG SIGMOID
FUNCTION

Oakland
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VLSIC of a 2-Neuron RANN
o8 B W W, Rl IF W

P. Wierzbicki, measurements:EE585 W2000

Neuron Componer
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CHEMICAL DETECTION OF
THREE GASES
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\ different concentrations of three different gases

>
o
L

N
I

2620 sensor output voltage

w
o
o
N

45 4

3.5 3 g
2.5 3 822 sensor oL

826 sensor output woltage
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Spiking Networks For

Biochemical Detection
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E-NOSE with SPIKING NEURAL NETWORK

(Disclosure and Record of Invention, June 2003)

Spiking
Network Input

Odor Receptor Array Layer

Spiking
Network

Scent
Detection
Outputs

OR3
R1
OR553 ©

OR76
OR3 T
OR100

OR3 —
OR24
OR832

OR1000

Binary
Spiking
Network

Odor Receptors
are a large array
of IONFET
sensors with
unique
poloymers for
each oder
receptor type

Common odor
receptors converge
at a single point, are

averaged, and

passed into the
spiking network as
binary inputs.
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Signal Network to Learn
New Scent

Spiking network
handles many
parallel inputs and
outputs.
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Select Output For
New Scent
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2 Training sirmilar to oloodnound
2 Online learning
2 Unlirmited parallel detection

1 rligh noise tolerance
|

m Currently’ being iImplemented on VIRTEX-II'Pro.
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Surface Area Results
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Virtex 1 v1000' EPGA

Xilinx ISE used to estimate gate counts and surface area.
Area and Tiny Chip estimates based on

A representative system with

using 0.16 um CMOS technology.

Component Slices Flip Flops Per FPGA Gates .16 u Area Per Tiny Chip
Control Logic 47 183 1117 1258
Input Unit 10 614 350 394
Learning Unit 11 723 277 312 10961
Input Unit + Learning 21 315 645 727 4707
Synapse 13 12 945 237 267 12811
Neuron + 100 synapses 300 136 41 4697 5291 646
Decoder32 20 0 614 240 270 12651
Encoder32 36 0 341 384 433 7907
BusLogic 128 120 0 102 1308 1473
System 128x8 7641 3799 2 117872 132771
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Simulator
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= Odor Simulator
Simulator

O o ||Active Odor Receptors O o o ||Properties

| Simulator View
= E Odor Simulator - H Eg %J, |
B ﬂ Odor Universe r E— - =
i EI “ Odor Configurations — - -
o Group 1 Synapselist (Collection) 1
B odor Association
El MeuronOdorfAssociation MoseOdorSimulator. Neur-::nCldor.l

Odors

OdorReceptors
System Chip
NeuronOdorAssociation

- Bus Segments

R 3 || Meuren [N,0] & Odor [0,0]

Activit
Active Odors

=1 n Neurons

) |
[Clock O % x |[ColorBar_ 7 x|
0
0

Run Step

i Clockl Bxce |
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Learning by Proportion
Sampling

H 800-900
0O 700-800
H 600-700
0 500-600
B 400-500
0 300-400
0O0200-300
H 100-200
00-100
: WX
i \\\\\\‘\\{‘\{iﬁi\\'\\\\\:&\\{&g&
\\\\\\ N

A

LEARNING:
AR *Const. Prototype
*One Neuron

time_second
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=  FEATURES OF SPIKING NNs
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CURRENT CHALLENGES:
; S Adaptive Filtering

»
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1
09

Adaptive Filter Parameter

b=

"~ Z,/C, = Normalised Derivative




Ol Re-configurable Microwave Op-Amp
A 1.5 um CMOS implementation , and a FDSOI MITLL 0.18 process

Voffset

offset

Eli:i-:i:i‘ _.
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Protein folding facilitate for faster response to laser.

Current state of the art of nanotechnology provide to

use bio-inspired systems to increase Memory,
Capacity, Intelligence and thus Cognition
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Information Institute and Information Directorate: PRDA F33615-

96-2-1945, 1999-present
* Research Grants from the Air Force Research Laboratory
Sensors Directorate, 2001, 2002, and 2003.

« AMI/MOSIS and MIT —Lincholn Lab for IC Chips Fabrication =

 Research Grants from the Office of Scientific Research, AFRL, =
Materials and Manufacturing Directorate, 2002, and 2003 L]
*The Microelectronics System Design Lab Students B
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ICs.” —--Ph.D. Dissertation Defense Juy 2003

*Deepak Gantla, “Measurement Characterization using Genetic
Algorithms” ---M.S. Student .

«James Fox, undergraduate Project, “Smart Carbon” x

*Allison Becham, undergraduate Project, “Biological Modeling.” O

*A. Patel and T. Terry, “Analog Multiplexing Chip,”REU undergraduate
students. O
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BIOLOGICALLY-INSPIRED APPROACHES

Facilitate for:

* Multi-Strategy Adaptive signal processing for
nodes in Dynamic Networks = Communication

Systems with Smart SPP Systems & Real

Time Applications
‘Bio-Chemical Detection (E-Nose)

CURRENT WORK AT THE MICROELECTRONICS
SYSATEM DESIGN LAB ADDRESS THESE AREAS

HEB
SECS RESEARCH REVIEW Hoda S. Abdel-Aty-Zohdy®© October 10, 2003



Oakland

UNIVERSITY |

@

= Al
5 '
B

B 1 ot I A e -

‘SN
“EE P NSO
BN [P P A

]
[E
(i
@
]
&
1]
| .
il

" P R R R R
TMERUOE ISR NE R ARDE AR
TEDEIEERERL A NN AEE]

B D L R
EEHNREN RN
T I SR D

SECS RESEARCH REVIEW Hoda S. Abdel-Aty-Zohdy© October 10, 2003




SAMPLE EMBEDDED VLSIC CHIPS
Oakland FOR
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AUTOMOTIVE APPLICATIONS

|
|
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High-gain RF Op-Amp on 0.18 um FDSOI CMOS
Processed at the MIT-LL 2003 EfiEEEN
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