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autonomy

operate without human supervision



…we are heading to enhanced autonomy…
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agentic ai
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agentic ai
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agentic ai

operate without human supervision



8

information and decision science (IDS) lab



information and decision science (IDS) lab

9

The overarching goal of the IDS Lab is to develop rigorous theories and data-driven 
system approaches at the intersection of learning and control to enable systems—
whether vehicles, robots, or large-scale infrastructures—to operate autonomously 
while safely interacting with dynamic environments. Our work integrates decision-
theoretic foundations with learning-based methods to endow engineered systems 
with the capability to reason, learn, and act in real time.



information and decision science (IDS) lab
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information and decision science (IDS) lab
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information and decision science (IDS) lab
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virtual reality driver simulation testbed
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multiple scenarios[1]-[6]
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ARPAE NEXTCAR —field test in Mcity
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field tests in Mcity
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Speed x 20



vehicle in the loop in Bosch facilities
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Memorize

agentic ai: autonomous teams
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agentic ai: autonomous teams
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Team

25

Xt+1 = ft+1(Xt, U1:K
t , Wt), t = 0,…, T − 1

For each team member ,  k Yk
t = hk

t (Xt, Zk
t ), t = 0,…, T

Team of  membersK ∈ ℕ

 and Δt : = (Y0:t, U1:K
0:t ) Λk

t : = (Yk
t−n+1:t, Uk

t−n+1:t−1)

State:   defined on     
Control:  
Disturbance: 

Xt : (Ω, ℱ) → (Xt, 𝒳t) (Ω, ℱ, ℙ)

U1:K
t = (U1

t , …, UK
t )

Wt : (Ω, ℱ) → (Xt, 𝒲t)

Noise: Zk
t : (Ω, ℱ) → (Xt, 𝒵k

t )

Information structure



optimal strategy
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Reason

Theorem[1]

Let 

, 

 

and let   be a separated control strategy that achieves the infimum. Then,  is 
optimal. 

VT(πT) : = 𝔼g[CT(XT) | ΠT = πT]
Vt(πt) : = inf

u1:K
t ∈Ut

𝔼g[Ct(Xt, ut) + Vt+1(θt[πt, Y1:K
t+1 , u1:K

t ]) | Πt = πt, U1:K
t = u1:K

t ]
g ∈ 𝒢s g

[1] Malikopoulos, A.A., “On Team Decision Problems with Nonclassical Information Structures,” IEEE Trans. Autom. Control, Vol. 68, 7, 
pp. 3915–3930, 2023.
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Act
Control strategy: g = {g1, …, gT−1}

Decision: U1:K
t = gt(Πt) = gt[ℙ(Xt | Δt, Λ1:K

t )]
Update: Πt+1 = θt[ℙ(Xt | Δt, Λ1:K

t ), Y1:K
t+1 , U1:K

t ]



learning the information state[1]-[3]

Learn
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Control (offline) Learning (online)
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Control 
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storing information
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Memorize

Decision: U1:K
t = gt(Πt) = gt[ℙ(Xt | Δt, Λ1:K

t )]
instead of ,Uk

t = gt(Δt,Λk
t ) = gt(Y1:K

0:t−n, U1:K
0:t−n Yk

t−n+1:t, Uk
t−n+1:t−1)
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