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Research on Autonomy of Human-Machine Sharing

Based on Markov Decision Process

ABSTRACT

In many fields, interactive systems either make decisions for us autonomously, or
provide us with decision-making power and play a supporting role. However, many
settings, such as those in education or the workplace, benefit from sharing this
autonomy between users and systems, and therefore benefit from systems that adapt
to them over time. For piano teaching, although traditional video teaching saves
manpower and is more convenient, repeated videos can easily cause users to lose
focus and can not guarantee the efficiency of learning; giving control to users will
make the operation too cumbersome. Therefore, it is necessary to design an
interactive sharing and independent piano teaching system.

In this article, the main research is based on the Markov decision process of
human-computer sharing autonomy to better achieve specific goals. We designed an
interactive shared autonomous system for piano teaching that can play different music.
Snippets for students to imitate and practice. Using the partially observable Markov
decision process, using human performance and attention as observable state variables,
using binary values to measure state variables, and modeling the transition between
these variables in a dynamic Bayesian network Form beliefs, speculate on user
expectations, and grant autonomy. The main work of the paper is as follows:

1. Describe the research background and significance of the paper, and introduce
the role of humans in human-computer interaction systems and
human-computer relationships.

2. Using the POMDP decision-making method to make decisions under
uncertain environments and conditions, based on POMDP modeling research
on human-computer interactive systems, constructing a kind of inference

from the human observable factors of the human-machine system The method
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of forming beliefs in the unknown internal state of people in the system, and
using this method to judge the ownership of the autonomy of human-machine
relations.

3. Transform the appropriate MDP model to build an interactive shared
autonomous system for piano teaching, and realize the optimization of system
functions through control of system autonomy. And through the simulation

experiment to verify the effectiveness of the piano teaching system.

Keywords: Interactive system, partly observable Markov decision process,

human-machine relationship.
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Bt R

using POMDPs, POMDPModelTools, = POMDPPolicies,
POMDPSimulators, Random

using QMDP

using ParticleFilters

using BasicPOMCP

struct State
# Latent variables

desired_autonomy::Bool

# Observable variables
performance::Bool

given_autonomy::Bool

# last engagement, to be used for reward
engagement::Bool

end

# struct Act
# give_autonomy::Bool

# end

struct Obs
performance::Bool

given_autonomy::Bool

BeliefUpdaters,

# Using duration (1 = engaged/'just right', 0 = too long / too short on task)

#  asa proxy for engagement
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duration::Bool  # engagement

end

struct MOMDP <: POMDP{State, Symbol, Obs} #TODO mutable struct - ideally
make p_ability change over time
# CPT: P(u'| u, p, gu)
# EIZIFRES GHEEREE. BRI, 268 THIERD W HHin
ZIWIHEE IR ARRE, RIS H - I A EDIRES
p_autonomy_when_desired_good_given::Float64
p_autonomy_when_desired_good_not_given::Float64
p_autonomy_when_desired_bad_given::Float64
p_autonomy_when_desired_bad not_given::Float64
p_autonomy_when_not_desired_good_given::Float64
p_autonomy_when_not_desired_good_not_given::Float64
p_autonomy_when_not_desired_bad_given::Float64

p_autonomy_when_not_desired_bad_not_given::Float64

#CPT: P(i"| u', gu)

# AT ZIM MR B RRE + M Z R B4 TR IR i
2=

p_engaged_when_desired_given::Float64

p_engaged_when_desired_not_given::Float64

p_engaged_when_not_desired_given::Float64

p_engaged_when_not_desired_not_given::Float64

# For now, ability is a probabilistic constant for a student that determines

performance independent of attempt
# JCRESIE XN — DR H, AR A3l
p_ability::Float64

28



L T K2 AR R T8 3

# Reward for being engaged ("just right", vs. took too long or too short ;
#  using duration as a proxy for engagement)
# WRPEFEE 145 I reward

r_engagement::Float64

discount::Float64 ##7$1IX T

end

# Transition values from CPTs for default constructor
MOMDP() = MOMDP(0.9, 0.9, 0.3, 0.8, 0.8, 0.1, 0.01, 0.2,

0.9,0.3,0.2,0.9,

0.5, # p_ability TODO: draw from distribution (first pass:
tune manually to see diffs)

1.0, # r_engagement

0.95 # discount
)

POMDPs.discount(m::MOMDP) = m.discount

const num_states = 2*2*2*2

const num_actions = 2

const num_observations = 2*2*2
POMDPs.n_states(::MOMDP) = num_states
POMDPs.n_actions(::MOMDP) = num_actions
POMDPs.n_observations(::MOMDP) = num_observations

POMDPs.actions(m::MOMDP) = [:give_autonomy, :revoke autonomy]

function POMDPs.actionindex(m::MOMDP, a::Symbol)

if a == :give_autonomy
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return 1

elseif a == :revoke_autonomy
return 2

end

error("invalid MOMDP action: $a")

end

const all_observations = [Obs(performance, given_autonomy, duration) for
performance = 0:1, given_autonomy = 0:1, duration = 0:1]

POMDPs.observations(m::MOMDP) = all_observations

function POMDPs.transition(m::MOMDP, s::State, a::Symbol,
rng::AbstractRNG=MersenneTwister(1))

sp_desired_autonomy = true

Sp_engagement = true

sp_performance = rand(rng) < m.p_ability ? true : false

# Next latent state of desired autonomy P(u' | u, p, gu)
# If user wants autonomy
if s.desired_autonomy
# Does well
if s.performance
# And we give them autonomy
if a == :give_autonomy
# Then the prob for next desired_autonomy, and the given
autonomy, updated in the state
p_sp_desired_autonomy =
m.p_autonomy_when_desired_good_given
sp_given_autonomy = true
else
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p_sp_desired_autonomy
m.p_autonomy_when_desired_good_not_given
sp_given_autonomy = false
end
else
if a == :give_autonomy
p_sp_desired_autonomy
m.p_autonomy_when_desired_bad_given
Sp_given_autonomy = true
else
p_sp_desired_autonomy
m.p_autonomy_when_desired_bad_not_given
sp_given_autonomy = false
end
end
else # user doesnot wants autonomy
if s.performance # does well
if a ==:give_autonomy  # give autonomy
p_sp_desired_autonomy
m.p_autonomy_when_not_desired_good_given
sp_given_autonomy = true
else
p_sp_desired_autonomy
m.p_autonomy_when_not_desired_good _not_given
sp_given_autonomy = false
end
else
if a == :give_autonomy
p_sp_desired_autonomy
m.p_autonomy_when_not_desired_bad_given
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Sp_given_autonomy = true
else
p_sp_desired_autonomy =
m.p_autonomy_when_not_desired_bad_not_given
sp_given_autonomy = false
end
end

end

# Next engagement level P(i' | u’, gu)
if sp_given_autonomy
p_sp_engagement_desired = m.p_engaged_when_desired_given
p_sp_engagement_not_desired = m.p_engaged_when_not_desired_given
else
p_sp_engagement_desired = m.p_engaged_when_desired_not_given
p_sp_engagement_not_desired =
m.p_engaged_when_not_desired_not_given

end

# Let's say performance is a general ability that's constant throughout the
curriculum for now
# B % performance /& — M RE ), EREANIRIEHRAZL)

p_sp_performance = m.p_ability

return SparseCat(sps, probs) # SparseCat(values, probabilities) @)% —NHiEi
()73 I o3 A

end

# Rewarded for being engaged B35 VE = 1A Bh T & 22 S 80K
function POMDPs.reward(m::MOMDP, s::State, a::Symbol)
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return s.engagement ? m.r_engagement : 0.0 #TODO: try -1.0 here

end

# initial_state_distribution(m::MOMDP) = SparseCat(states(m), ones(num_states) /
num_states)

p_initially_motivated = 0.5 # 0.5 is uniform prior

#

State{desired_autonomy,performance,given_autonomy,engagement}

init_state_dist = SparseCat([State(true, false, false, false), State(false, false, false,
false)], [p_initially_motivated, 1.0-p_initially_motivated])
POMDPs.initial_state_distribution(m::MOMDP) = init_state_dist

# Solver

momdp = MOMDP()

# QMDP

# solver = QMDPSolver(max _iterations=20, belres=10.0, verbose=true)
solver = QMDPSolver(max_iterations=100, belres=1e-3, verbose=false)

# solve PR #U#E DiscreteValuelteration f /) vanilla.jl SCff

# A LAAEIX S SO Y solve B ECEE IN— L% printin K A8 25 15 BTG 2E 1)
ok

# SfE TigerPOMDP jr) i B {36 —

# [ FON A S i L T o - [ R AR I AR
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policy = solve(solver, momdp) # solve()——>ValuelterationPolicy()

# print(policy)

33



L T K2 AR R T8 3

# i — AP B ER AR TR A

# P AN ERRL TR, SEIL POMDPS.jI ) 58 37 &4 11

# P filter (1282 72 Updater 252

filter = SIRParticleFilter(momdp, 10000) # A& IX /M IER w2 B A/EH T, R
n ] DX ) ) B & % I

khhkkkhkhkkkhkhkkkhhkkhkhkkhhhkkhkhhkkhhhkhkhhkkhkkhhkhkkhhkhkkhhhkkihhhkkihkkihkkihhkkikihkkhhhkkhihkkhihkiik

init_dist = initial_state_distribution(momdp)

init_belief = initialize_belief(filter, init_dist)

# input BRI & true / false
# nfE NFIZECN performance. engagement
function input(ask::String="performance")::Bool
if ask == "performance™
prompt = "performed well? (y/n) "
else
prompt = "engaged? (y/n) "
end
print(prompt)
user_input = chomp(readline()) # chomp(s) M 745 & o I B — 4~ R B AT 45
if user_input =="n"
return false
else
return true
end

end

function unroll_particles(particles::ParticleFilters.ParticleCollection{State})

d =[0.0 for i = 1:num_states]
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d=1] # R AR d ZIANEAAPID AR GE L7 Fdskkboko
for i = 1:num_states
push!(d, pdf(particles, all_states[i]))
end
return d

end

function generate_next_action(particle_belief:: Any=init_belief, iteration::Int64=1)
printIn("Step: ", iteration)
belief = unroll_particles(particle_belief)
printin("Belief: ", belief)
# printIn(policy.alphas)
Alpha = policy.alphas

valuel =0
value2 =0
i=1

while i <= 16

valuel += belief[i]*Alpha[1][i]
value2 += belief[i]*Alpha[2][i]
i=i+1l

end

printIn(“value of give_autonomy : ",valuel)

printIn(“value of revoke_autonomy : ",value2)

if valuel > value2 # size(belief)[1] =1
# if action_idx ==

action = :give_autonomy

action_val = true
else
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action = :revoke_autonomy
action_val = false
end
printIn("Next action is: ", action)
# Input user's performance and engagement
inputed_performance = input(“performance™)

inputed_engagement = input(“"engagement”)

0 = Obs(inputed_performance, action_val, inputed_engagement)
next_belief = update(filter, particle_belief, action, o)

return generate_next_action(next_belief, iteration + 1)

end

generate_next_action()
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