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. Predicting Human Decision-Making

— HCI, HAI/HRI [c & |+ 2PHDMO EE %

- BERAREICHFTZETILEE?
. ETILER TEICEKRTFE U SIREBDOZEL
Z=THlT5HD)
HERIC I TFHET S EBHER
P(next state | current state, action)
EUTREE

- MR - 17E) - t1E DO BZE DR (=)
. BHAIXRILX—JRIE (free-energy principle, Karl Friston)

T RIRF =1L (predictive coding,Karl Friston)
REeIBEHRIER (integrated information theory, Giulio Tononi)

4

NA ZHEE HERORT 1 7 X) 3




( Human-Agent Interaction (HAI) )
Human-Robot Interaction (HRI)
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« Shirado, H. & Christakis N. A. (2017)

Locally noisy autonomous agents improve global human
coordination in network experiments,

Nature, Vol. 545, pp. 371-374, May 2017.
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“Probabilistic ROBOTICS” ([#Z&ORT49X]

Sebastian Thrun, Wolfram Burgard, and Dieter Fox
The MIT Press, 2006.
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(1.1 Uncertainty in Robotics)
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- IRIEBEOHEEBIER = FfEMS > HEETIL
(world model) =2 (belief) & #15 - T F
o  IRIED+EHEHEI(Chapter 6)
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Control system I RL TS« »iB

World model, belief
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Actions

World model, belief

Perceputional/action data

lter(kla:f ]) Ut , Zt):/

Algorithm Bayes_
for all x; do
bel(z;) =
bel(xy)
endfor
return bel(x;)

n p(z | Tt) b_e_l(‘z,t)
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(1.2 Probabilistic Robotics)
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— JEfE 73R E Y 21 (probability density
functions, PDFs)
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p(x,y) = p(x)p(y)
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BEORT4HATIE: ARy M E DT 8IE
2745k, BFHTHLIERBLRE
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— ORYMIREBEOIKREICEATLIREES
(Internal belief) Z#+F-FHL TLK

Perceptual/action data

Y
Control system

World model, belief

Actions 1
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N

— BRYIREE BRI BREEDIZEL
— FFEUIREE - EBYIDED LOIZFE
- TERAE:
o RRE:x, %t d
seif (complete) ARFEx, AMFRZE T T 1=
%%)’Gﬁ)%) (D E#HZEMATELERLIFHRAIEZ
&L
< )La2:&E %8 (Markov chains) : J$3E DK EE (L FER
HIZEBRT AN, EEX5Z5E M XDl 7&L\
%B’XODEITI'\JF/ZTA(ixWJk e FET D&
[IAAEE = EHAIR[EEL E M ZIRE=H T = I~ %iH
1K BE (incomplete state)

AETIIFFRE FBERRIICTHDO D %2




RIEEDHEEER

—- 15 0)‘|2/'U'n'|' E'](Li SEtAlT—4)

st
Bl

Rl ¢, 75\bt EFTIZ/oNTE=ITARTOETAENDES

2oty T AL al0 L4000 L

—  HIEENE (FIET—5)

5

(1, <t,)

Oy hMEMEIZIHEHEEZEITLTLS

o FARA=A:AORYFDEEHFD
o CHllET—% up: BRI (t - 1; ¢

U, =U U, U LU

tity YT+ T 420 0

)

A

e AT ot Y

JCOIRREZRAE

t =2)
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MERFAERRI(T)

RAE ¥ ASSEE. FEIEIME v DBIZEE 2 £175

EE

p(xt | xO:t—l’”—I?ulzt) = p(xt | xt—IQ“D/ u, ZE=ERE

- SEfRTERD 2

EHIF FHEEGSIRIIEDH, 51RIE RIS

p(Zt | xO:ﬂZl:t—Dx) = p(zt | xt)

DFEY, [EoDEDHYFAEEZ ZFRIT S
E=OICIEx b nld L

YA EHETHNIE, BEDEH, 5

all i) IRRE [

EaREYANA

FEMASHIIEIIER

L)

TIWVTYX LW EHEBEN LGS
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iill i

HESRS

FHEHERQ
R TE B 75BE

FH{TEH

MTITEL, ’é-ﬁg\ i

RTEMEITIEAZLY !
4& 53 e <

REE BRI R EETRIRER (. ORYEDIRIRIC

=8 (2)

L. IREEBIPHER

ARyMRE

W BNFERERE

NFER

IDISCDOE
-/



En</LaT7ETIL(HMM)

(A FZ2YIRL X3y T—2 (DBN))
IREE X [, JRE. X, iy, [CHERMIZIRTF
EHANE z, (&, IRREx, ITRERMITIKTF
D LS5 BRIFEETET )L (temporal generative

model) (. hidden Markov model (HMM).
dynamic Bayes network (DBN)&EHFE (XN 5

O—O—C
ojosie
O O © .




£ 5.9 %1 (Belief Distributions)

HEEORTAIATI. FHREEESMICEST
EShKRIEINS

HHIRRE X, EDIEE bel(x) ITLLTFTHD

bel(xt) P(x |Zl.t9u1.t)

DFEY, IANTOFRIE 21, FillfE] U, TREMA TS
ni-. B ICHE T HIRREZEH E DHER
F1=. #liflu, ODERD 7RI HH) DEEIE

bel(x,) = p(x, |z,_,u.,) < i
F il bel(x YN o bel(x,) DETE = FHEIEFT e

I’r

67



NAXT4)L3 (Bayes Filters)

NAZXT4IET7 LT X L (BFA)
EREHETHI—RIGT IO L

B2l ¢ —1ZBITHIER bel(x,_ 0o, Bzl ¢ [ZH1F
61;"_. bel(x )%n-l_ﬁ

AN LI vy

Algorithm Bayes_filter(bel(z;_1), us, 2¢):
for all z; do
bel(z¢) = [ p(zs | ut, Ty—1) bel(xi—1) das
bel(z:) = n p(2t | z¢) bel(w:)
endfor
return bel(z;)
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- 3fTH:HIEEH. LLETR (f. £HEDTE)

- 447H:EHAIEH. EFRIEERHnFETLTOHIEL

\

&L O)—C> . s | 3 49T B AR E [ZEIT Al EE

— HGHERBIZOMAERAAIEE sreomsraREa0
ME (272 HIREEZE /]
IREE il fiE]
B g / Et8
¥ Al

1: Algorithm Bayes_filter(bel(z;_1) ut,ztl)/ %l -1 DIES
2: for all z; do
30 L— bel(xy) = [p(ws | ug, 2: ) bel(2:%7) dzs_q
4: > bel(zy) = n p(z¢ | z¢) belfxy)
5: endfor
6: return bel(x;)
Ep:EE 69




. BFADZESTHI(1)

1T

— PHERKRE (FRIFESR) |[rrszncnas

i _ LT B0 DAk A
Igzgo - :Z—‘C’E)z‘ézl)‘ 0'05 s |BH. ORI MEET ORBERNSLL
0=~ _ = V.

_ R LIRS AELD

p(Z, =sense_open | X, =is_open)

p(Z, =sense_closed | X, =is_open)=0.4
p(Z, =sense open | X, =is_closed) =0.2

p(Z, =sense _closed | X, =is_closed)

o  BACI=F7DOBAMIILLERIEFETESH ., FHLVE=F
TDREAMIHFEYEFETEEL
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BFADE1741(2)

50 : K7 &R+ 2Bk

p(X, =is open|U, =push, X, =is open)=1

p(X, =is_closed |U, =push, X, , =is open) =0

p(X, =is_open |U, =push, X, =is_closed) =0.8

p(X, =is_closed |U, =push, X, =is _closed) =0.2

{80 AT H L7E
p(X, =is_open |U, =do_nothing, X, , =is open) =1
p(X, =is_closed |U, =do_nothing, X, , =is open) =0
p(X, =is_open |U, =do_nothing, X, =is closed) =0
p(X, =is_closed|U, =do_nothing, X, , =is closed) =1
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— BFZli=1. A7

BFAD X174 (3)

Ny D HIEENMELL . T AR,

R 78 ZE Rl N

bel(x,) = f p(x, |u,,x,) bel(x,) dx, BFAD3#TE (F) O=iT
=;p(x1 |u,,x,)bel(x,)  przmsan
)

5 R

= p(x, |U, =do_nothing, X, =is_open)be/( X, =is_open)

+ p(x, |U, =do_nothing, X, =is_closed)bel/( X, =is_closed)
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BFAD X174 (4)

— {REi X, =is open D L=

l;l(X . =Iis_open) =

p(X, =is_open|U, =do_nothing, X, =is_open)bel( X, =is_open)

+ p(X, =is_open |U, =do_nothing, X, =is_closed)be/(X, =is_closed)
=0-0.5+1:0.5=0.5

— [@E#RIZ. X, =is_closed D &= (Quiz 1)

l;l()(1 =1is closed)=0.5

— DFEY EE bel(x) ESZFER bel(x)h REILAE
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BFADZE1THI(5)

— LHOL.EHAICKYEREREIE FE!
bel(x,) =np(Z, =sense_open | x,)bel(x,)
— X, =is open Di5E
bel(X, =is_open) =1p(Z, =sense_open | X, = is_open)l;l(X . =1s_open)
=70.6-0.5=710.3
— [EHRIZ. X, =is_closed D55 (Quiz 2)
bel(X, =is_closed) =70.1
IEFRIEDEE S Y
7=(03+0.1)"=2.5
- RWZAIC

bel(X, =is_open) bel(X, = is_closed) 74




BFADXE1741(6)

RDAT T (u, =push _ z, =sense_open) D55
HLEIERIC
l;l()(2 =is open) ="
l;l(X , =is_closed) =?
L7=h'>T
bel(X, =is_open) ="
bel(X, =is_closed) =?
COFFE T, ARy MEFER 0.27? TR 7 HH
LTS EELTLNVS
COFEENMZLN 2 BN
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BFADXE1741(6)

KD AT (u, =push  z, =sense_open) DI5 &
& Hk(Z

bel(X, =is_open)=1-0.75+0.8-0.25 = 0.95

bel(X, =is_closed) =0-0.75+0.2-0.25 = 0.05
L7=m->T

bel(X, =is_open) =70.6-0.95=0.983

bel(X, =is_closed) =70.2-0.05~0.017

COFRRAT, ARYMIHESR0.983 T 7 AVEILY

TWAEELTLS
DEENFLIMN?EWN?
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R&B->f-O/fRvk(?)
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iill i

BIEDEED
ORYFEBEDHEER : ORy LT

R RiEL. ‘IZ/U"EJELT%DE?’%) = AFR
BARRICIE, KB ERRESR 7 fn LETRITE SR 57

5z 5NSBEORECET SERERN T

J—C}:E_t'”:
ORYrDER J_id)'é”\’CO) EHRIEFIE S

RARXTAI R EREEHE T H-ODREHT

IO X LTHFEMIZETE
TIILATVERRBITBEDTEELENTHS

NE%R

i) CSCoern)
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