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In many cases, physical 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 Ito stochastic differential equation will be shown.

FEDFEBRZ /Learning Objectives

B | BRBROKENRY RV EBRT 5.
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SEHETICOWTERT S,

RSB ICOVWTERT S,
& | To understand the mathematical descriptions of stochastic processes.
To understand optimal estimation theory.
To understand stochastic optimal control.
3 BAZDERE O SHiEZE / Fulfillment of Course Goals (JABEE BS:&ERIB D &)
H
£

RETEIER /Course Plan

No. 15 B Topics AZA Content
1 B | BESRT LR T L THABEREZHEDLDBEVEE S XA T LERRAURREHEIEERS X T LDEV EHFER
HERYFWDEWNCOWTHERT 5.

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

stochastic systems
2 H | REBEXRTH THRAUBREZMY KH O 0HEMFE LT, BAR, BR, BERTH, BE HEXZEE
BHE L OPFEERER EOEERROERZ SV 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 | #XEE RREZEE L 7-BERZH AR L, RFAEHEICE (T 2TEARRE2ERBIEL LK
FRRREZITL, ZTOMBEICDOWTRRS,
Z | Stochastic processes The characteristics of the stochastic process describing random phenomena by
extending random variables are explained.
4 B | geMasr 77 & ERDHIHS BT LTIV EFZTNTNORFNEE L BEEEERL, BEXY
AT LOHRTOFEONA EERT 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 H | v/La7@81% EXRBIEORTRLEEAUEAFT OCI/ILATBRRICOVWTZOEEHME % AT
5.
& | Markov process Markov process
6 H | #EHI>ABRALERES | EBRELZIDART 2HEMD AR AL ZRERL, ZORCHREBEINR-TEE
(1) AT 5.

& | 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 | BEHHLFEALBERED | FEEEMOSAERICOVTIRRS,
(2)

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

8 B | FEBEOAR EEMOBEEICOWTERRT 5.
%= | Ito formula The derivative of functions from the view point of the stochastic process is explained.
9 B | ILEERE LEERE L ED LI BRE DD, MENICE S EBRINDE D ETRT.

= | Diffusion processes Mathematical description of the diffusion processes.

10 H | EEXRERROKHEER REENFE & HICTRBANICERMICED IR OBEREREBHROIRSE LI
WTHERRT 5.

= | Time evolution of probability | The behavior of probability density function of the diffusion process whose state

density functions value randomly diverges in the space is presented.
11 | B | HRee#EEm (1) THRAMZ (CBINIREELZMET 27 L2 Y IRIBICOWTRGT 5.
Z | Optimal state estimation (1) An approach to design optimal filter, which are problems of finding find the true state
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based on the noisy measurement data, are explained.

12 | B | ReEEEER (2) EXFAEDEZFICE I RBELHEBIFELHFETEAOND I EEZRL, TN
ICEDE, RS AT LIZHT 2REBHEEARD—DTHDE ALY 7 4 ILZIZD
WTEHAY 5.

& | 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 | #EsE6E (1) HEHOHRATEREINSE P AT LICHT 2RBHEAEICOVTIRRS,

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

14 | B | #EEsEHE (2) HEMYAARATERIND VAT LICHT 25EHEARDOEHICOVTENRS,

& | 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 - &8 AT T AVREEESBEHEEZEBAEDE, PRATLEZLRAMEENHFZRITS
CRTLOFEIC DO WTERRT B,
= | 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.
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ZE

BEBEATE (T2 -

BEEE)

/Required study time, Preparation and review

B | HEHE0E, BREARK MoARERCET2ME Lo TWBEIENLEE L,

Z | This lecture assumes a good working knowledge of the Mathematical Statistics, linear algebra and differential equations.
HRIE S%EE /Textbooks/Reference Books

B | /- r#%

3 | No textbooks are used.

PRIERHE D iRk O EAEE /Grading Policy

H | BELFR—F2RL, PHFRICERTZ2ERARICKUNELZTMET 2. LAR— e EDHAROBEROEEH 6 0 WU LDORHE
EHT-HLDEREET B,

% | 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.

BEZ=IEZ% /Point to consider

S:R:il=2:4:4

B

S:R:il=2:4:4




