
Scientific challenge

Determination of an accurate and dense optical

flow field between two images in weakly

textured scenes affected by strong illumination

changes.

Results on synthetic data with ground 
truth flow (descriptor comparison)

Contributions

1. Proposal of a criterion to check whether a

patch-based descriptor is illumination invariant

or not.

2. Theoretical proof of the illumination-invariance

of some well-known descriptors (e.g. Census

[1], Corr [2], MLDP [3], NND [4]) based on the

proposed criterion.

3. Introduction of a generalized descriptor formu-

lation facilitating the design of illumination

invariant data-terms in variational optical flow.

4. Proposal of a new illumination-invariant

descriptor (NLDP – Normalized Local

Directional Pattern).

5. Comparison of the NLDP performance with

that of the reference descriptors in the

literature through experiments on both

simulated data (with known ground truth flow)

and real medical data (gastroscopic image

sequences including complex illumination

changes).
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Mosaic built with 21 images extracted from 
a gastroscopic video-sequence.

AEPE and AAE comparison on training image pairs of the Middlebury data 1

A General Form of Illumination-Invariant 
Descriptors in Variational Optical Flow Estimation

• Suppose � = ��,��,… ,�� , the aim is to construct 

descriptor D such that

�� �� � = �� ���� � + �� , 

∀�� > 0,∀��∈ ℝ,∀� = 1,… ,�.

• To this end, �� is defined as follows:

�� �� � = �
Ψ

��,�(��(�))

��,�(��(�))
 if ��,�(��(�)) ≠ 0

0           otherwise.

where Ψ is a non-constant function, ��,� and ��,� are 

functions such that

��,� ���� � + �� = ℎ(��)��,� �� �

��,� ���� � + �� = ℎ(��)��,� �� � .

Then, one have �� �� � = �� ���� � + �� .

General form of Illumination-Invariant Descriptors
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Descriptor-based variational OF Model

(1)

(2)

(3)

(4)

• Local/patch region illumination change model

���
� + �� = �����

� + ��

                              ��,�� ∈  ℝ, and �� > 0.

• Descriptor D is called illumination-invariant when

� �� � = � ���� � + �� .

Illumination Invariance Condition

(5)

(6)

(7)

(8)

(9)

(11)

(10)

Source 1 Target 1

Source 2 Target 2

Source 3 Target 3

AEPE

Experiments on tree cases of illumination changes

Endoscopic images in the pyloric antrum region 
(epithelium of the internal stomach wall).

Use of the NLDP descriptor for 
gastroscopic image mosaicing

1 http://vision.middlebury.edu/flow/data/

Proposed Descriptor (NLDP)
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The proposed descriptor is illumination - invariant. 

with �(�� �� ) = ��⨂�� �� ,��⨂�� �� ,⋯ ,��⨂�� �� .

�(��(��)) =
V(�� �� )

V(�� �� ) �

• ��,� ���
�� �� + ���

= V ���
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                      = ���
� �� �� �

= ���
��,�(�� �� ).
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In other words, D is invariant to local illumination

changes defined in (5).

• Consider a patch ��(��) as an arranged set of

pixel values �� �� = � �� ,� �� ,… ,�(��) . The

following general form can be used as functions

��,� and ��,�:

� ��(��) = � � � ��,�� ��
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where ��,� ���

�
, � = 0,1,… ,� are non-zero and

zero-sum sequences, and �,� and � are fixed

positive numbers so that

� ���
�� �� + ���

= ���

��
� ��(��) .

AAE =

• Combining (12), (15) and (16),
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In this case,


