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Main Points

Vision Data Image Processing

It doesn’t matter what scenario you choose here.

EM Algorithm

MATLAB & SimulinkMovie File

Derive Rotation Matrix 

to Minimize Objective Function

Move 

Field of View

Multiple cameras’ fields of view are properly dispersed 

to cover important places.

[240×320]×i

𝑅𝑤𝑖 [3×3]

The Gaussian function 𝜙𝑖𝐹𝑂𝑉𝑖
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Application of EM Algorithms

EM algorithm approximates a probability distribution of data

by a Gaussian mixture model with k components.

𝜙𝑖 𝑝
𝑖𝑚 = 

𝑗=1

𝑘

𝛼𝑗 exp − 𝑝
𝑖𝑚 − 𝜇𝑗

𝑖𝑚 𝑇Σ𝑗
𝑖𝑚 𝑝𝑖𝑚 − 𝜇𝑗

𝑖𝑚

Σ𝑗
𝑖𝑚 =
1
2
𝑆𝑗
𝑖𝑚−1 𝑆𝑗

𝑖𝑚: Covariance matrix 𝜇𝑗
𝑖𝑚: Matrix of means

An example of EM algorithm

K=2
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𝜓 𝑝 =

 𝜙 if 𝑔𝑤𝑖 ∘ Φ𝑖 𝑝 ∉ 𝑄

 𝜓 − 

𝑗=1

𝑘

𝛼𝑗 exp − 𝑝 − 𝜇𝑗
𝑇
Σ𝑗 𝑝 − 𝜇𝑗 otherwise

𝜙 ∘ 𝑞𝑤𝑙 𝑅𝑤𝑖 = 𝜓 ∘ Ψ𝑖 ∘ 𝑔𝑤𝑖
−1 𝑘 𝑞

𝒑

𝒑𝒘𝒊

Mission space 𝒒

𝚿𝐢

𝚽𝐢

Density Function

 𝜙 >  𝜓𝜓 𝑝 > 0

Q: Mission space

Density function

There is a larger penalty  𝜙
when watching outside of mission space.

𝑝 =
𝑝𝑖𝑚

𝜆𝑖

𝜇𝑗 =
𝜇𝑗
𝑖𝑚

𝜆𝑖

Σ𝑗 =
Σ𝑗
𝑖𝑚 0

0 0

𝑥𝑤𝑦𝑤

𝑧𝑤
𝑥𝑤

𝑦𝑤
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Objective Function

𝐻𝑖 𝑅𝑤𝑖 =  

𝑙∈ℒ𝑖

𝑤𝑖𝑙 𝑓𝑖 ∘ 𝑞𝑤𝑙 𝑅𝑤𝑖 𝜙 ∘ 𝑞𝑤𝑙 𝑅𝑤𝑖

Objective function (to be minimized)

𝑓𝑖 ∘ 𝑞𝑤𝑙 𝑅𝑤𝑖 =
1

𝜆𝑖
𝑞 − 𝑝𝑤𝑖

𝑇𝑊 𝑞 − 𝑝𝑤𝑖

𝒑

𝒑𝒘𝒊

Mission space 𝒒

𝚿𝐢

𝑊 = diag 𝑤 𝑤 1

𝚽𝐢

Sensing performance function

L

Define the set of pixels of camera i by ℒ𝑖.

ℒ𝑖𝑤𝑖𝑙: large small

𝑥𝑤𝑦𝑤

𝑧𝑤

𝑥𝑤
𝑦𝑤

𝑧𝑤
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Coverage for Multiple Cameras

Overlaps of Field of View (FOV)

Camera m Camera n

q

𝒱 𝑞; 𝑅𝒱 = 𝑖 ∈ 𝒱 𝑞 ∈ 𝐹𝑂𝑉𝑖 𝑅𝑤𝑖 :  𝑅𝒱 = 𝑅𝑤𝑖 𝑖∈𝒱

𝑆𝐹𝑂𝑉𝑖
𝑐 𝑅𝒱 = 𝑞 ∈ 𝐹𝑂𝑉𝑖 𝑅𝑤𝑖 𝑖 ∉ arg min

𝑗∈𝒱 𝑞;𝑅𝒱
𝑓𝑗 𝑞

What pixel l captures a point in 𝑆𝐹𝑂𝑉𝑖
𝑐 𝑅𝒱 is identified with

what it captures a point outside of Q whose cost is  𝜙.

Q : Mission space

Define the set of sensors capturing a point q within the FOV as

𝑥𝑤𝑦𝑤

𝑧𝑤
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Simulation Result

http://www.fl.ctrl.titech.ac.jp/paper/2014/sim.wmv
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Future Work : Experiment

Vision Data Image Processing

Change “EM Algorithm” for “Curve Fitting”.

Curve Fitting

MATLAB & SimulinkPTZ Camera

C++

Derive Rotation Matrix 

to Minimize Objective Function

Rotate 

PTZ Camera

The PTZ Camera is restricted 

by the actuator configurations.

[240×320]

The Gaussian function 𝜙𝑖

𝑅𝑤𝑖 [3×3]

http://www.fl.ctrl.titech.ac.jp/paper/2014/sim.wmv

