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Our (engineering) view of Al

Early applications

Current/future applications



Our (engineering) view of Al
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Early applications

Control systems

Real-time railroad meet-and-pass scheduling
Iron ore stockpiling planning in shipping yards
Oil recovery

Thyroid hormone profiling

Blending and fat formulation



Current/future applications

Real-time rail movement planning
L ast mile supply chain planning

ntelligent railroad yard management

Robot-based compact storage-retrieval

Adaptive real-time flight control



Early applications



Control systems: process control
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Proc. 27t |IEEE Conference on Decision and Control, December 1988



ERROR ERROR
P1{
L. Perlod:=T _J
Pt
P
0 P3
Time
P2 P2
P P2j+|P
Overshoot = -'—f—‘ Damping = l i l 3

|Pt] +|P2|

Pattern Characterization



Sif Tuning Control

Self-Tuning Controller in the Loop
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Elevator Group Control
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(Fuzzy) Traffic Control
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Reboucas Ave

Brasil Ave

Intersection of the Brasil avenue with Reboucas avenue
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Fuzzy air Conditioning
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(Fuzzy+Inverter) Air conditioning

Fonte: arquivo Rodrigo Almeida Gongalves
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Railroad crew scheduling
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Real-time train scheduling
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Carajas mine Sao Luis Harbor

B s

Data acquisition
Control panel and Video screen

command systems

Local
MICroprocessors

Workstation

Control center at Sao Luis

Ethernet local area network

Mainframe Workstation Data base

IEEE SPECTRUM JULY 1996 Source: Companhia Vale do Rio Doce



15% increase daily ore volume transportation
1.6 litters fuel/1000 metric tons ore transported
Helpers maneuvers speed-up on steep ramps

Real-time operation started end of 1995



Smart oll recovery

Prognosis and
diagnosis module Database module
Alert Normal drilling
triggering conditions

l '

Expert reasoning

To drilling ; and simulation

equipment Orith

Standard reporting

engineers

; Specialreports ~ ——— Drilling database

1 I
t

Intelligent sensory
analysis |

Intelligent data
acquisition module

From drilling column sensors

(torque, angular rotation, other data) Drilling variables I
reading

Source: Rani, State University of Campinas



IEEE Spectrum July 1996
Source: Ran|, State Unhersity of Campinas




Stockpiling in iron ore shipping yard
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Thyroid hormone proflllng
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17,500 results reviewed during testing

Disagreements: system judged worth reviewing,
but the expert did not

Real-time operation started on May 2000

341,000 patients results checked






(composition)

A /\ B
ercentage A
stimulus w Arswor P :
x\_ Neural NetworkJ > < percentage B
> [\/ percentage C
solids profile
( p ) - / N

)( Supervisor ](

(learning)

Journal of the American Oil Chemists’ Society, 1997



Verification of the Neural Network Formulating Commercial Products
SFC? (%)
10°C 20°C  25°C  30°C 35°C 37.5°C

Sample 1

Required 43.24 2414 1852 1266 508 283

Network estimate 40.30 2400 1850 12,10 490 2.9

Experimental 40.66 2383 18.19 1235 555 285
Sample 2

Required 3290 1932 12.60 994 444 252

Network estimate  33.30 1930 14.60 9.20 3.70 210

Experimental 33.64 1922 14.18 9.19 372 231
Sample 3

Required 26.23 1729 11.82 7.22 316 1.23

Network estimate 26.00 1580 12.20 760 3.00 1.70

Experimental 26.04 1629 12.05 8.09 3.08 141
Sample 4

Required 2995 1454 987 441 0.8 0.00

Network estimate 29.40 1460 10.20 6.10 240 1.40

Experimental 2994 1496 10.04 6.18 260 1.20
Sample 5

Required 2280 1426 898 462 189 138

Network estimate 23.20 1230 880 530 210 1.20

Experimental 23.71 1276  8.82 520 1.80 0383
Sample 6

Required 35.02 2268 1451 8.14 3.42 1.85

Network estimate  35.50 1960 14.60 9.10 3.70 210

Experimental 36.22 20.12 14.61 930 3.77 220
Sample 7

Required 37.52 2260 1823 1060 4.01 1.98

Network estimate 38.00 2280 1760 1140 460 270

Experimental 3856 2295 1726 11.25 466 264
Sample 8

Required 32.29 2099 1332 700 3.06 1.65

Network estimate 33.50 1740 12.60 7.70 3.10 1.80
Experimental 3427 1784 1232 7.74 3.16 1.81

— - a - .a -— aa




IFSA 1995 Sao Paulo




Current/future applications




FAYS KM 1.000,496 E;

o8/oN 2015 18 08

-
D209 osren/2015 +

@ iGs
@ AL

¥4 09/00/15 21:40

B e g ™
o 4 8B 146

Real-time movement planning
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Robot-based compact ASRS
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Adaptive real-time control

Learning and structurall,
adaptation
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