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Introduction

Most Object Based Image Analysis (OBIA) systems 
start with an image segmentation operation.

The segmentation stage is a critical part of the process. 

If the segmentation fails to identify as an object a given 
element present in the image, the subsequent stages will 
generally be unable to recognise or classify this element.

The evaluation of the segmentation process is thus an 
important aspect of an OBIA system. 

However, it is difficult to evaluate the quality of the 
segmentation result for EOS images, as there are usually no 
reference values to be used for comparison. 

Introduction Introduction

The quality of the image segmentation result depend on:

Object characteristics
• size 
• shape
• spectral signature 

Image data
• Spatial resolution
• Radiometric resolution
• Spectral charcteristics

Method
• Segmentation algorithm
• Parameter setting

Evaluation of segmentation results 

• The standard approach to evaluate a segmentation result is to 
compare it with a reference segmentation

• Commonly used metrics (e.g. true detection rate, average distance 
Hausdorff distance) are mostly suitable for the case of a single object 

The Hammoude metric has values between 0 and 1, with a value of 1
occurring when there is no intersection between segmentations
(completely dissimilar), and 0 when the two segmentations are equal.

H’ = 1 - H H’=1 for a perfect match  
H’=0 for two non-intersecting objects
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X and Y are two segmentations 
proposed for an object 

External similarity indices 

The problem of comparing two segmented images can be seen as a 
comparison between two classifications (data partitions), where each
object (or segment) is assigned a class label.

Each image pixel (i) has two class labels, X(i) and Y(i), corresponding to 
the object numbers assigned by segmentations X and Y. 

External indices of cluster validity access the degree to which two
classifications of the data agree. 

The external indices used here are the Rand coefficient (R), 
the Corrected Rand coefficient (CR) and the Jaccard coefficient (J).

a = # { (i,j): i>j, X(i)=X(j), Y(i)=Y(j) }
b = # { (i,j): i>j, X(i)=X(j), Y(i)?Y(j) }
c = # { (i,j): i>j, X(i)?X(j), Y(i)=Y(j) }
d = # { (i,j): i>j, X(i)?X(j), Y(i)?Y(j) }

The four values (a,b,c,d) sum is the number of ordered pairs of pixels:
a+b+c+d=N(N-1)/2, where N is the total number of image pixels. 
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External similarity indices 
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Rand coefficient (R)

R and J vary between 0 and 1 (1 is for perfectly matched classifications)

In the Corrected Rand coefficient (CR) the range of values (0 to 1) is 
adjusted so that a fully random classification would correspond to 0.

Rmax is the maximum possible value for R (Rmax=1) 
Rexp is the expected value of R under randomness 

To assure that CR has values in [0,1] , negative values are truncated to 0.

Multi-spectral synthetic image 

The objective is to produce an image that simulates real EOS images,
with a number of land cover types, where the land parcel size is known.

Procedure:

• Create a base image, with the geometric properties and class types

• A multi-spectral  image is used as reference to obtain signatures 
(multi-spectral pixel values) for each land cover class

• The final multi-spectral synthetic image is created, using the Base 
image and the reference

The base image is used to create an image with labels assigned to 
the various land parcels, which is then used as reference segmentation.

Multi-spectral synthetic image 

Base image (parameters): t – number of land cover types 
u – size of the smallest unit 
s – range of sizes 
r – repetition parameter 

Example of a Base image with u=4, s=4, r=2

t=4 t=5 t=6 t=7

• there are r2 single unit parcels (of u by u pixels)

• generally r2 parcels of i*j units, with i,j=1,…,s

• two neighbouring parcels always belong to different classes

Multi-spectral synthetic image 

Base image:

u=4 ; s=4 ; r= 2 ; t=4Reference image:

airphoto, RGB color 
Training areas for
4 land cover types

Synthetic image
(ideal sensor)

Example

Multi-spectral synthetic image 

Including adjacency effects (realistic sensor model)

• Point Spread Function

Initial Synthetic image Final Synthetic image

PSF

Pixel Offset 

• Pixel Offset between expected and real grid

Multi-spectral synthetic image 

Synthetic 
image 
(ideal sensor)                 

Offset (1/4,0) Offset (1/2,0) Offset (1/4,1/4) Offset (1/2,1/2)

Synthetic 
image 
with PSF  
but without 
pixel offset (0,0)                

PSF +                  
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Test images 

Three base images: u=3 ; s=8 ; r= 5 ; t=8, 6, 5 

A – Irrigated permanent semi-natural mountain meadows
B – Non-irrigated permanent semi-natural mountain meadows
C – Evergreen forest
D – Deciduous forest
E – Communitarian pastures
F – Annual crops
G – Sand (*)
H  – Water (*) (*) Non-vegetation class

• All 8 classes
• 5 most similar / different

• Only the 6 veg. classes
• All subsets (6) with 

5 vegetation classes

SPOT HRG 
satellite image 
used as reference

Test image (example) 

Sensor: SPOT HRG

Unit size (u=3) – 3 x 3 pixels 

Scale range (s=8) 
parcels of 1x1 to 8x8 units

Repetition parameter (r=5)
5 rows and 5 columns each

Number of classes (t=5) 
5 land cover classes 

• 540x540 pixel images
• 1600 parcels
• 36 parcel sizes
• 25 or 50 of each size

B1   B2

B3   B4

Results – Detail 

Small section of the SPOT test images, with parcels of:
6 by 1, 6 by 2 and 6 by 3 units (25 parcels of each size)

For this section, there is a perfect match between the 
segmentation of SPOT 5d and the reference segmentation

SPOT 8                               SPOT 5d                              SPOT 5s

Results – General view

Average values for the whole image (1600 parcels)

SPOT8 SPOT5d SPOT5s Ideal case

No. objects 1563 1596 1545 1600

H 0.0430 0.0025 0.0820 0

H’ 0.9570 0.9975 0.9180 1

R 0.9977 0.9998 0.9941 1

CR 0.9767 0.9977 0.9549 1

J 0.9623 0.9962 0.9348 1

Results – Parcel size and shape

6 classes (vegetation land cover)

PSF, without pixel offset (0,0)

Average H values for square parcels

Results – Parcel size and shape
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Results – Parcel size and shape Results – Set of land cover classes

Average Hammoude metric (H) for each land cover class 

Class ID SPOT8 SPOT5d SPOT5s

A 0.0279 0.0047 0.0445

B 0.1142 (*) 0.1504

C 0.0080 0.0016 (*)

D 0.0944 0.0063 0.1083

E 0.0526 (*) 0.0522

F 0.0468 (*) 0.0546

G 0.0000 0.0000 (*)

H 0.0000 0.0000 (*)

(*) Class not used

Results – Set of land cover classes

(*) Class not used

Average Hammoude 
metric (H) for each 
land cover class 

Results – Pixel offset

• Test image – 5d

• 5 offset values between the ideal and real grid (+ PSF)

• Hammoude metric (H)

Results – Pixel offset Results – Pixel offset
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Results – Segmentation parameters

• Test image – 5D

• PSF with pixel offset (1/4,0)

• 5 values for the Segmentation Parameter SCALE

Results – Segmentation parameters

Conclusions

The Synthetic Image TEsting Framework (SITEF) permits to overcome 
the lack of a reference segmentation, by creating multi -spectral 
synthetic images with controlled spatial and spectral characteristics. 

Various aspects can be evaluated, such as:

• Parcel size and shape

• Land cover type and set of land cover types

• Segmentation algorithms / parameters

The SITEF software is freely available.

It can be used to fine tune the parameters of a segmentation 
algorithm to a specific dataset and application.

Synthetic Image TEsting Framework (SITEF)

www.fc.up.pt/sitef
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