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In many cases, phys,lcal processes and mechanical systems show random behavior by receiving undesirable and random
disturbances. In measurement data which are subject to random noise due to electric noises, measurement deviation and
background noise, it is difficult to obtain true values of the measurement data from the noisy data. In this course, these
systems subject to random disturbance are considered as stochastic phenomenon. Based on the stochastic system theory,
the systems with random disturbance are described by stochastic differential equations. Then, state estimation and optimal
control using the lto stochastic differential equation will be shown.
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F2BDEEBRE Learning Objectives
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To understand the mathematical descriptions of stochastic processes.

To understand optimal estimation theory.

To understand stochastic optimal control.
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ZEEHEEE Course Plan

No. IEH Topics AZ Content
1 H | ESRTLEHERSRT I THRABREMEDLDEVEE Y AT LERRARREHIEERS X T LDEV EHFH
BRERYFEVOEWICOWTHERT 5.

% | Deterministic systems and | Mathematical difference between deterministic systems and the stochastic systems.

stochastic systems
2 H | #EREHEREH THRABREZIY K5 7-H0%EfFE LT, BAR ﬁ, BR, WXL, X EXDEE
BHE L OPFEERER EOEERROERZ S Y IRY B 2,
Z | Probability and random | Reviewing of the probability theory, that is sample points, events, random variables,
variables probability, probability density functions and mathematical expectation as the
introduction to the mathematical treatment of random phenomena.
3 B | #ER61E R ZEE L 7-HEREH AR L, A HICE(T 2T FARREEFRBIEL L TH
PR EITL, TOUEICOVTIRNS,
% | Stochastic processes The characteristics of the stochastic process describing random phenomena by
extending random variables are explained.
4 H | Az L 777 V&g ERDBIRSIBEMEL 77V VBB ZNZNORFANMEE LBEEERL, BEY
AT LORTOFEONAZRHRT 5.
Z | White noise and Brownian | The mathematical characteristics of white Gaussian noise and Brownian motion
motion processes process, and their relations are explained. Students acquire usages of these white
Gaussian noise and Brownian motion process in stochastic systems.
5 B | w3761 BEBEOTF TR LEEAUEAE OV ILI7BRIC OV TZFOHFHHE A4
5.
% | Markov process Markov process
6 H | BEXH2ABRACEREY | BEXBRZ2ERT 2BEMAABRAL AL ZRRL, ZOR CHEEESHRITHRE
(1) AT S,

& | Stochastic differential | The characteristics and roles of stochastic differential equations describing
equations and stochastic | stochastic processes are explained. The roles of stochastic integrals in stochastic
integrals (1) differential equations are presented.

7 H | BEMYARACEEXRE Y | FHREXEHI>HAERICOVTENS,
(2)

& | Stochastic differential | Ito stochastic differential equations
equations and  stochastic
integrals (2)

8 H | #EOLR HERYIEEICDOWTHRIT S,
Z | Ito formula The derivative of functions from the view point of the stochastic process is explained.
9 B | #&0EE LEBR L ILED LS HRE DN, MENICE S EBRENEHZETRT.

= | Diffusion processes Mathematical description of the diffusion processes.

10 | B | BXEEBRROBHXE REENFKM & HICRRAICZRNICEA 2 LEBRE OBXREERMOIRSE W ICD
WTHERRT 5.
Z | Time evolution of probability | The behavior of probability density function of the diffusion process whose state

2



62360202 FERISFAY AT L5

density functions value randomly diverges in the space is presented.
11 | B | RetEEH (1) THRAMEE ICBEONTREBEZHRET 274 L2 Y Y IRIBEICDOWTRGT 5.

Z& | Optimal state estimation (1) An approach to design optimal filter, which are problems of finding find the true state
based on the noisy measurement data, are explained.

12 | B | RetEEH (2) ERXFEOEZFICEICRBLBEBEN S HAFECSEIAONDG L ZRL, N
ICEDE, RS AT LIZHT 2REBHEEARD—DTHDE ALY 7 4 ILZIZD
WTERRAY 5.

Z | Optimal state estimation (2) We explain that the optimal estimate can be described by the conditional expectation
based on the orthogonal projection. Students acquire the Kalman filter that is one of
the state estimators for linear stochastic systems.

13 | B | #EEsEsE (1) BEMHOARATRREIND VR T LICHT 2REHEHFRICOVTIRRS,

Z | Stochastic optimal control (1) | The optimal control strategy for the dynamical system described by the stochastic
differential equations is explained.

14 | B | #EEsEHE (2) EEMHOARATRREIND VR T LICHT 2REFEHAROEHICOVWTHENS,

Z | Stochastic optimal control (2) | The derivations of the optimal control strategy for the dynamical system described by
the stochastic differential equations are explained.

15 | B | #E - & ANT VT AVREBERFEFHEZBAEDE, AT LEFLENEENF 2%
YRT LOBENC D WTEERT B,

Z | State estimation and control The synthesis of control systems is presented by introducing the Kalman filter and
stochastic optimal control based on the noisy measurement data.

[ @& Prerequisitey ]
=
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B | S8 BERH, MHoAERXICET2MEZ/H o TCVWBIIENEE L.
= | This lecture assumes a good working knowledge of the Mathematical Statistics, linear algebra and differential equations.

/— MR

No textbooks are used.

H | BELFR— 2R, PHRICERT 2EDHARICLYREZTHET 2. LR— b EERHROEROAEH 6 0 % UL D&
HEDT-HLDEEKET D,
= | Performance evaluation of this lecture will be conducted by the term-end exam and several reports. Students, whose total

points of evaluations of the exam and reports is 60 points or higher, will pass.
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