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Identifying parameter zonation is difficult:

1. No information (or little information) regarding the shape, 
size, and locations of zones.

2. Existing inverse methods may not work or too time-
consuming. 

1. Motivation
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2. Level Set Method (LSM)

• Developed by Osher and Sethian in 1988.

• A great tool for solving problems that involve geometry and 
geometric evolution.

• Popular in: 
Image processing,
Computer graphics, 
Computational geometry, 
Computational fluid dynamics, 
etc.

08/25/2016
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𝜙𝜙 𝐱𝐱 < 0, for 𝐱𝐱 ϵ Ω1,
𝜙𝜙 𝐱𝐱 > 0, for 𝐱𝐱 ϵ Ω2,
𝜙𝜙 𝐱𝐱 = 0, for 𝐱𝐱 ϵ Γ,

Ω2

Ω1

Γ

𝜙𝜙 𝐱𝐱 < 0

𝜙𝜙 𝐱𝐱 = 0

𝜙𝜙 𝐱𝐱 > 0

2. Level Set Method (LSM)

• Geometric boundaries Γ are represented by the zero level set of level 
set function 𝜙𝜙, which is negative inside Γ and positive outside.

Four zone caseTwo zone case

Ω1
𝜙𝜙2 𝐱𝐱 < 0
𝜙𝜙1 𝐱𝐱 < 0

Ω3
𝜙𝜙2 𝐱𝐱 < 0
𝜙𝜙1 𝐱𝐱 > 0

Ω2
𝜙𝜙2 𝐱𝐱 > 0
𝜙𝜙1 𝐱𝐱 < 0 Ω4

𝜙𝜙2 𝐱𝐱 > 0
𝜙𝜙1 𝐱𝐱 > 0

Γ1 Γ2

For two zone case below



Slide 6

where  𝒉𝒉𝑚𝑚 is measured head and 𝒉𝒉 𝐾𝐾 is 
simulated head.

3. Algorithms

We try to minimize function

08/25/2016

𝐹𝐹 𝐾𝐾 =
1
2
𝒉𝒉 𝐾𝐾 − 𝒉𝒉𝑚𝑚

Let the propagation of boundary ∂D 

where J = (dh/dK) is the Jacobian matrix.

�𝛼𝛼𝑝𝑝𝑝𝑝 𝐱𝐱, 𝑡𝑡 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝐾𝐾𝑞𝑞 − 𝐾𝐾𝑝𝑝)𝑱𝑱𝑇𝑇(𝐾𝐾)(𝒉𝒉 𝐾𝐾 − 𝒉𝒉𝑚𝑚

Then, the variation 

𝛿𝛿𝐹𝐹 𝐾𝐾 = −�
𝑝𝑝,𝑞𝑞

�
Ω𝑝𝑝𝑝𝑝

𝛼𝛼𝑝𝑝𝑝𝑝(𝐱𝐱, 𝑡𝑡) 2𝑑𝑑𝐱𝐱 < 0

Ω Kq, φ j (x) > 0

∂D ={x: φ j (x) = 0}

𝛼𝛼𝑝𝑝𝑝𝑝

Kp, φj (x)<0
D



Slide 7

subject to initial condition

The set {x: φj (x, t) = 0} defines the boundary of D at time t.

3. Algorithms

08/25/2016

Ω

Kq, φ j (x) > 0

Kp, φj (x)<0

∂D ={x: φ j (x) = 0}

D

∂Dk ={x: φj
k(x) = 0}

∂D0 ={x: φj
0(x) = 0}

Level set function can be updated by solving

�𝜕𝜕𝜙𝜙𝑗𝑗(𝐱𝐱, 𝑡𝑡
𝜕𝜕𝑡𝑡

+ 𝛼𝛼𝑝𝑝𝑝𝑝 𝐱𝐱, 𝑡𝑡 �𝛻𝛻𝜙𝜙𝑗𝑗(𝐱𝐱, 𝑡𝑡 = 0

�𝜙𝜙𝑗𝑗 𝐱𝐱, 0 = 𝜙𝜙𝑗𝑗0(𝐱𝐱

𝛼𝛼𝑝𝑝𝑝𝑝
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4. Example
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4. Example 
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4. Example 
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4. Example 
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4. Example (Transient) 
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4. Example (Transient) 



Slide 14

1. Random initial material locations;
2. More initial materials;
3. Transient Flow.

5. Future Work

08/25/2016

Presenter
Presentation Notes
Test the robust of our algorithms by using different cases, choose the random initial locations for the zones, or using more initial materials and see how them change.
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Thanks!

Questions?
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