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> Recent Applications of APM
> Solid Oxide Fuel Cells
> Boundary Management of a Thermal Oxidizer
> Virus and Biological Modeling
> Unmanned Aerial Vehicles

> Tutorial Examples
> Parameter estimation with PRBS data
> Nonlinear control
> Optimization
> Parallel processing
> Getting Started with APM
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Overview of APMonitor

APMonitor Modeling Language

The APMonitor Modeling Language is optimization software for differential and algebraic equations. It is coupled
with large-scale nonlinear programming solvers for data recaonciliation, real-time optimization, dynamic
sirmulation, and nonlinear predictive control. It is available as a free web serice or for commercial licensing.

Try Example Optimization Problems -
ﬂp Cemo ﬂp
, Browse or modify example problems to .
S start solving nonlinear programming

o problems with up to 10 million variables
gt through a web-interface.

>)

P' Discussion Forum and Wehinars
Users share experiences and collaborate

through an anline discussion forum and
regularly scheduled wehinars. ﬁ)

o |

ﬂ APM Python Interface
Fython gives users an open-souUrce
option for solving nonlinear programming

P problems with a growing community of ‘\

USers.

0
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Documentation

APManitar Documentation Wyiki gives
details of the modeling language and
example applications. Compare to other
popular modeling languages.

Prermium Account Lagin

Registered users manage applications,
view optimization results, and collaborate
with other users.

AP MATLAB Interface - Demo
MATLAE pravides a powerful
mathematical scripting language to
imprave the capahility of aptimization
solutions.

APMonitor.com
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Remote Viewing and Control

Presswre Overview Temperatire Overview
Al Presoures (peig) last 24 hrs Al Temperatures (“F) last 24 hrs
Al Pressures (psig) last monith Al Temperatures (“F) last month
# FLMT #2 (18 miles) FLIMT #1 (36 miles) FLET (57 mules)

T oF T o T oF
Temperature (“F) last 24 hrs Temperature (°F) last 24 hrs Temperature (°F) last 24 hrs
Temperature (°F) last month Temperature (°F ) last month Temperature (°F) last month

P psig P psig P psig
Eressure (paig) last 24 hrs Eressure (paig) last 24 hrs Eressure {paig) last 24 hrs
Eressure (poig) last month Eressure (pa1g) last month Eressure (paig) last month
{ T ¢ L)X

APM B bl fimt2.p
B blfimtlp
bl flet.p
l-l-ﬂ-l'lll-lm__::__-———- s L__ - - L M

) Time (days) )
-31 -23 -15 -8 0
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Combine Empirical and Fundamental

Empirical Models

a APMonitor Chart - Microsoft Internet Explorer ;Iglil
- - . . i MV} L MV
File Edit Vew Favorites Tools Help | ﬂ, &0 : &0 : l‘»w\ =
. - €Y - j :L| NEO < ) . - 9 0 of e, f17
€ L= =) & | / Search ¢ Favorites 6- = E ﬁ '4‘5 mw © N
Address I:Ej http: /fapmonitor j | Links ** ! 0 ; — mn : oy m-\
o sf" f‘l? 15 PP I | NG /
;I PRl \U’ v ”"'HL/' °W “'-"%:\J'f'
APMonitor . ' atur 0 10 A \
onito Reactor Temperature 0 5000 0 5000

0 5000
40 40
27 H Model o 31]“1“\“ 4 0 Mw 30 l}"an!h.. -
Il Measurement 0 f b : ol "\.‘"—""J
Desired Traj HI 5000

0 0 5000
Desired Traj LO af 40 J 40 :
22.1 - m”‘a\_\f m’f"w MN
L ol 2
0 5000 0 5000

Nonlinear T
s S Control _ o
First Principles Models
10.7
OX
-300 225 -150 .75 0 75 150 225 300 0=f| —, xu

Time (sec) 51-.

J e 0=g(x,u)

|:Ej Done l_l_l_’_|_|@ Internet v

a<h(x,u)<b
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RTO: Dynamic Optimization

o Model predicts boundary values for safe, responsible,
and economic operating conditions

l Safety: Velocity of Inlet Waste Gas

Safety: LEL of Waste Gas

Economic: Fuel Costs

Environmental:
| ———

—ﬁ Emission Levels

Economic: Size / Insulation
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Safety Constraints

> LEL (lower Explosion Limit)
> Inlet gas composition < 25% of LEL

> Minimum oxygen concentration
> Flashback Velocity
> Inlet gas velocity > minimum safety limit

> Fallure to observe safety constraints may lead to
deflagration of waste gases back to operating units
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Monitor Critical Parameters

Emissions of CO in Waste Gas

1.4
APM Y COF B Model
- B Biased Model
B TrackHI
B Track LO
1.0 B Opper Cimit
Upper Warning
. Upper Target
. Lower Target
0.6 Lower Warning
B Lower Limit
0.2
Time (sec)
0.0 0.9 1.8 2.6 3.5
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Parallel Processing with APM

HIV Virus Simulation

6.647
[N 6.112
6 5.576
= o 5.041
4
=
s 4.506
(@)
(@)
1 3 |
3.970
2
3.435
1
2

2.899

2.364

1.828

time (years)
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Top-down view of system trajectory
o

. H = Drogue
. ; N ——— Mothership
-’_1,-* 1 i [ Desired drogue
e [T A P —— Cable
; b H
Mothership T Ly N -

160 o

180 o7
PR
120 .--77

0. o
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Actuated drogue with small

autopilot and homing beacon e RO

.S
40.) .7
150

Morth (m) =200 150
East (m)
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Tutorial Examples

> Tutorial Examples

> Parameter estimation with PRBS generated data
> Nonlinear control

> Optimization

> Parallel processing

> Download APM Python/MATLAB from APMonitor.com

E\ ’ APM MATLAB
V APM Python
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Tutorial Examples

> Tutorial Examples
> Parameter estimation with PRBS generated data

>

>

> h, h,
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Tutorial Examples

> Tutorial Examples
>
> Nonlinear control
>

>

Fast MPC: 10 Hz

52
APM Y B Model

B Biased Model
Il TrackH
B Track LO

39

26

13

. Time (min) .
=30 -15 0 15 30
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Tutorial Examples

Tutorial Examples

>
>
> Optimization
>
min rira(r) + 120 +23) + T3
s.t. riroxrary = 25

I‘% + ;1‘% + I"‘i + ;I‘f = 40

1l <z, 29,29, 74 <5

ro = (1,5,5,1)
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Hame
=z.x[1]
=z .x[2]
=2 %3]
z5.x[4]
sz.zlk_1

Lower Value Upper

AREEBERER 1 (000E+00 5 0000E+00

1.0000E+0014.7430E+00|5.0000E+00
1.0000E+003.821 2E+00|5.0000E+00
1.0000E+00 1 .37 94E+00|5.0000E+00

NGEREREE 1 s237E-03
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Tutorial Examples

> Tutorial Examples

>
>

>

> Parallel processing

HIV Virus Simulation
6.647

6.112
5.576
5.041

4.506

Log(Virus)

3.970

3.435

2.899

2.364

1.828

time (years)
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Getting Started with APM

» APM as a Free Web-Service Ap
> Academic or Industrial use 5;3

> APM User’s Group

> E-mall Group: groups.google.com/group/apmonitor
> Bi-weekly Webinars

> Support e-mail: support@apmonitor.com

> Corporate Licensing Options
> Linux Cluster Version
> Windows Server Version
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