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Multi agent systems (MAS) . Examples

Nature behaviors

Engineering applications

Gateway node

Sensor node
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Cooperative control of MAS . A brief review

2000

2010

2020

Vicsek et al. (1995)

Olfati-Saber & Murray (2004)

θi(t + 1) =
1

1 + |Ni(t)|
(θi(t) +

∑
j∈Ni (t)

θj(t))

A
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Cooperative control of MAS . A brief review

2000

2010

2020

Vicsek et al. (1995)

Jadbabaie et al. (2003)

Olfati-Saber & Murray (2004)

Modeled by

Result ( Thm 1, Jadbabaie et al. (2003), roughly speaking)

If Gt is undirected, and connected ∀t , then lim
t→∞

θi (t) = θss ∀i
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Average consensus problem

Σi : ẋi = ui , i = 1, ...,N
ui = −

∑
j∈Ni (t)(xi − xj).

Result ( Thm 9, Olfati-Saber & Murray (2004))

If Gt is strongly connected and balanced ∀t , then
lim

t→∞
xi (t) =

∑N
i=1 xi (0)/N, ∀i
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Idea: Only update u when x changes ”significantly”.

Continuous control
u(t) = κ(x(t))

Event-triggered control

u(t) = κ(x(tk )), t ∈ [tk , tk+1)

if ‖x(t)− x(tk )‖ ≥ Threshold,
x(tk+1) := x(t).
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Example:

ẋ = Ax + Bu,

A =

[
0 1
0 0

]
,B =

[
0
1

]
κ(x) = −K x

with K = [1,1.7]
Threshold = 0.8‖x(t)‖

0 3 6

t(s)

0

8

||
 
x

||

Continous control

With ETC

0 3 6

t(s)

-15

0

5

u

Continous control

With ETC

When u is updated with ETC
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2000

2010

2020

Vicsek et al. (1995)

Jadbabaie et al. (2003)
Olfati-Saber & Murray (2004)

Tabuada (2007)

Heemels et al. (2012)

Olfati-Saber & Murray (2004)

A nice tutorial about event triggered control and
estimation!!!

11



@2020 Nguyen T. Hung

@2020 Nguyen T. Hung

Cooperative control of MAS . A brief review

2000

2010

2020

Vicsek et al. (1995)

Jadbabaie et al. (2003)
Olfati-Saber & Murray (2004)

Tabuada (2007)

Heemels et al. (2012)
Dimarogonas et al. (2012)

Olfati-Saber & Murray (2004)

Apply idea in Tabuada (2007) for consensus problem
Σi : ẋi = ui , i = 1, ...,N.

A mechanism to decide when ui should be updated.
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Cooperative control of MAS . A brief review
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Consensus control law

ui = −
∑
j∈Ni

(x̂i(t)− x̂j(t))

where x̂i(t) = x̂i(ti,k ) ∀t ∈ (ti,k , ti,k+1)

update ui when

|x̂i(t)− xi(t)| ≥ c
(∑

j∈Ni
xi(t)− xj(t)

)2
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Cooperative control of MAS . A brief review
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Jadbabaie et al. (2003)
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Dimarogonas et al. (2012)
Seyboth et al. (2013)
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Apply idea in Tabuada (2007) for consensus problem
Σi : ẋi = ui , i = 1, ...,N.

ETC decides when agents broadcast
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2000

2010

2020

Vicsek et al. (1995)

Jadbabaie et al. (2003)
Olfati-Saber & Murray (2004)

Tabuada (2007)

Heemels et al. (2012)
Dimarogonas et al. (2012)
Seyboth et al. (2013)
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Consensus control law

ui = −
∑
j∈Ni

(x̂i(t)− x̂j(t))

where x̂i(t) = x̂i(ti,k ) ∀t ∈ (ti,k , ti,k+1)

Broadcast xi when

|x̂i(t)− xi(t)| ≥ hi(t)
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Cooperative control of MAS . A brief review

2000
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Vicsek et al. (1995)

Jadbabaie et al. (2003)
Olfati-Saber & Murray (2004)

Tabuada (2007)

Heemels et al. (2012)
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Almeida et al. (2017)
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Transaction Automatic Control 2017

ET-broadcast for synchronizing MAS
Σi : ẋi = Axi + ui , i = 1, ...,N.

ET-broadcast decides when agents broadcast their
information (state).
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Cooperative control of MAS . A brief review

2000

2010

2020

Vicsek et al. (1995)

Jadbabaie et al. (2003)
Olfati-Saber & Murray (2004)

Tabuada (2007)

Heemels et al. (2012)
Dimarogonas et al. (2012)

Almeida et al. (2017)

Seyboth et al. (2013)

Hung & Pascoal (2020)

International Journal of Control 2020, to appear

ET-broadcast for synchronizing MAS
Σi : ẋi = Axi + f(xi , t) + Bui , i = 1, ...,N.

ET-broadcast decides when agents broadcast their
information (state).
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Cooperative of MAS with event-triggered communications
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Consensus/synchronization of MAS . Problem definition

A multi agent system with N agents:

Σi : ẋi = Axi+f(xi , t)+Bui , i = 1, ...,N,

Asm: f(x, t) is Lipschitz in x.

text.........................

Problem (Consensus/synchronization)
Find ui(xi ,xj); j ∈ N in

i
a s.t.

limt→∞ xi(t)− xj(t) = 0,
limt→∞ ẋi = Axi + f(xi , t),

∀i , j = 1, ...N.
aset of neighbors where i can receive information

0 2 4 6 8 10

t[seconds]

-4

-2

0

2

4

6

Evolution of agents’ states
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Consensus/synchronization of MAS . Continuous communications

Distributed control law:

ui = cK
∑

j∈N in
i

xi − xj (1)

Feedback gains

From in-neighbors

text.........................

Result (Li et al. (2012))
The consensus/synchronization problem is solved with protocol (1) if

c,K are chosen properly and
G is strongly connected.
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Consensus/synchronization of MAS with ETC . Concept

Distributed control law:

ui = cK
∑

j∈N in
i

xi − x̂i
j (2)

estimated neighbor’s state

x̂i
j :

{
˙̂xi

j = Ax̂i
j + f(x̂i

j , t)
x̂i

j(t
+
ij,k ) = xj(tj,k )

(3)

Time instant at which
i recieves Time instant at which

j broadcasts

(2)⇔
ui = cK

∑
j∈N in

i

xi − xj + ej

ej , x̂i
j − xj

ej : the estimation error of j at i .
Our wish: If ej “big”, j must transmit the
latest of xj to i to update x̂i

j . But how?
21
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Consensus/synchronization of MAS with ETC . Concept

Distributed control law:

ui = cK
∑

j∈N in
i

xi − x̂i
j (2)

estimated neighbor’s state

x̂i
j :

{
˙̂xi

j = Ax̂i
j + f(x̂i

j , t)
x̂i

j(t
+
ij,k ) = xj(tj,k )

(3)

Time instant at which
i recieves Time instant at which

j broadcasts

x̂j :

{
˙̂xj = Ax̂j + f(x̂j , t)
x̂i

j(t
+
j,k ) = xj(tj,k )

(4)

If there is no communication delay:

x̂i
j(t) = x̂j(t) ⇒ ej(t) = xj(t)− x̂j(t) ∀t .

Monitor ej(t) and broadcast xj(t) whenever∥∥ej(t)
∥∥ ≥ hj(t).A designed threshold
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Consensus/synchronization of MAS with ETC . Illustrative examples

A multi agent system with 6 agents:

Σi : ẋi = Axi+f(xi , t)+Bui , i = 1, ...,N,

xi = [xi1, xi2, xi3, xi4]T.

1

2 3

4

6 5

text.........................

A =


0 1 0 0
-2 -1 2 0
0 0 0 2

1.95 0 -1.95 0

 , B =
[
0 1 0 0

]T
, f(xi , t) = [0 0 0 -0.333 sin(xi3)]T
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Consensus/synchronization of MAS with ETC . Illustrative examples

0 2 4 6 8 10

t[s]

t i
,k

i = 1 i = 2 i = 3 i = 4 i = 5 i = 6
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Applications in cooperative control of autonomous vehicles
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Vehicle platooning

Vehicle model:

ṡi = vi , ∀i = 1, ...,N (5)

Problem (original)
Find vi(si , sj); j ∈ Ni

a s.t.
limt→∞ si+1(t)− si(t) = d,
∀i = 0, ...,N − 1.
limt→∞ ṡi = vd(t),
∀i = 1, ...N.

aNi , {i − 1, i + 1}

Change coordinate: For ∀i = 1,N

xi , si − (i − 1)d , vi , vd(t) + ui .

(5)⇔ ẋi = vd(t) + ui , ∀i = 1, ...,N.

Problem (reformulated)
Find ui(xi , xj); j ∈ Ni s.t.

limt→∞ xi(t)− xj(t) = 0,
limt→∞ ẋi = vd(t),

∀i = 1, ...N.
26
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Vehicle platooning
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Cooperative path following (CPF)

Problem formulation

Vehicle i − Vi :

ṗ[i] = R(η[i])v[i],

η̇[i] = T (η[i])ω[i]

Rot. matrix {B[i]} to {I}

Orientation vector

Path i − Pi :

p[i]
d : γ[i] → p[i]

d (γ[i])

path parameterizing variable

(e.g. path length)

28



@2020 Nguyen T. Hung

@2020 Nguyen T. Hung

Cooperative path following (CPF)

Problem formulation

Problem (CPF)

Find v[i],ω[i], γ̇[i] to fulfill
1 Path following task:

I p[i](t)→ p[i]
d (γ[i](t))

2 Cooperative task:
I γ[i](t)→ γ[j](t), ∀i , j
I γ̇[i](t)→ vd, ∀i

as t →∞.
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Cooperative path following (CPF)

Problem formulation

Problem (CPF)

Find v[i],ω[i], γ̇[i] to fulfill
1 Path following task:

I p[i](t)→ p[i]
d (γ[i](t))

2 Cooperative task:
I γ[i](t)→ γ[j](t), ∀i , j
I γ̇[i](t)→ vd, ∀i

as t →∞.

CPF control system for Vi
a

PF Controller  

Cooperative Control
With ETC  

Network

Cooperative-layer

Path Follwowing-layer

(e.g. Nonlinear MPC, Lyapunov based)

aRego et al. (2019), Hung et al. (2020)
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CPF - simulation examples

Setup (Hung et al. (2020))
5 constrained under-actuated vehicles
PF controller: Nonlinear MPC

1 3

45

1 2
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CPF - real tests

Setup (Rego et al. (2019))
3 Medusa class AUVs
PF controller: Lyapunov based controller

1

2

3
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CPF - real tests
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CPF - real tests

Setup Rego et al. (2019)
3 Medusa class AUVs
PF controller: Lyapunov based controller

1

2

3
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Others applications
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Other applications

To learn (model) nature’s behaviors

Engineering applications

Gateway node

Sensor node
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Thank you!

Other videos:

Wimust project: click here.
US navy: click here.
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