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Change Detection

Objective:
Students guide their way through a change detection workflow which first matches the histograms
of two images, before co-registering and then running image difference change detection tool.

Task 1: Histogram Matching

1. Go to File > Open Raster Layer.

For this exercise we will use two Pleiades datasets captured over Melbourne.
The images were captured in 2012 and 2013.

2. Open the following datasets from the TrainingData directory.
e Melb_2012.img
e Melb_2013.img

3. Using the swipe tool (accessed from the Home tab). Assess the images for changes
in building construction over this period.

You may notice these images appear spectrally different. As the Image Difference Change
Detection tool looks at the difference of individual pixel values, matching the histograms of the
images first can assist in removing the noise of the final result.

4. Assess the images for their radiometric (brightness/contrast) qualities. You should
notice that melb_2012.img looks better than melb_2013.img.

5. From the Raster tab click Radiometric > Histogram Match.

6. This simple tool allows us to radiometrically match the histograms of two images. For
the Input File choose melb_2013.img.

7. For the Input File to Match choose melb_2012.img. This will be the reference
image.

8. Name the Output File melb_2013_matched.img.
9. Check on Use All Bands for Matching.
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10. Leave the rest as default and click OK to run the process.

11. In a 2D View compare the difference between melb_2013.img and
melb_2013_matched.img.
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Task 2: Co-Registration with AutoSync

1. From the Toolbox tab click AutoSync Workstation.
2. Select Create a New Project.
3. Name the Project File melb.lap.

4. Change Geocorrection option to Resample.

Choose Project Options:
Miorkfl ove: @ Georeference Edge Matching
Froject File: * lap) melh.lap v~ =

Flease select project output aptions:

Specify the properties of vour outputimages.

Geocorrection: ) Calibrate @ Resamp

Pesample Seﬂings...|

Usze output directary and file name suffix for calibrate

a

Default Cutput c/trainingdata/outputsy -~ &

Default Output File Name _output

T

v Generate Summary R melb.htm] -

| DK | [ Cancel ] | Help |

5. Click OK.

We will now set the Reference image and the Input Image.

6. Right Click on Reference Image and choose melb_2012.img.

7. Now Right Click on Input Images and select melb_2013_matched.img. This is the
histogram matched image that we created in the previous exercise.

8. First we will make some simple changes to the settings of the Auto Point Measuring

(APM) tool.

9. Click the Edit Project Properties button ] .
10. Change Find Points With to Defined Pattern.
11. Turn on Keep All Points.
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APM Stratedy | Geametric Model | Projection | Qutput |

Specify the automatic point measurement (APM) algorithm settings.

Input Layer to Use: lLﬂyBI’J v] Feference Layerto  |Layer_1 -
Find Foints \With: ) Default Distribution @ Defined Fattern

Intended Numkber of 1 = V] Keep All Points

Starting Column: 128 = Starting Line: 128 =

Column Increment. 256 = Line Increment: PLY =

Ending Calumn: 0 = Ending Line: 0 =

[¥] ALtomatically Remove Blunder Maxirnum Blunder Remowal 2 =

[ Reset to Defaults ] [Advanced Settings...]

[ (0];8 ][ Cancel H Help ]

12. We will now run the APM to automatically find GCPs. From the toolbar click the
APM icon @
13. You will see a large number of GCPs which have been automatically generated.

14. We will now run the AutoSync resample process. Go to Process >
Calibrate/Resample.

15. There will be an image named melb_2013_matched_output.img in your Output
directory.

16. Open melb_2013_matched_output.img on top of melb_2013_matched.img
17. Has the new image moved significantly from the original?

18. Now compare melb_2013_matched_output.img with melb_2012.img. You will
notice these two images match much better, both radiometrically and spatially.
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Task 3: Image Difference Change Detection
Students will now use the Image Difference Change detection tool to compare the processed
2012 and 2013 Melbourne images.

1. Ensure the only images open in the 2D View are melb_2012.img and
melb_2013_matched_output.img.

2. From the Raster Tab > Change Detection group select Image Difference.

\\\\\\ M

Drawing Format Table

415 = a @ b B

pixel Knowledge Zonal Change  |pejaCue | Radar Interferometry Geometri
Engineer~ | |Detection Express~| Analyst -

- y: Tools~

| ®§  Zonal Change Detection Express _Earchlbox
®q  Discriminant Function

"8 Image Difference

Image Difference

Per-pixel change detection
between two images.

3. For the Before Image choose melb_2012.img

4. For the After Image choose melb_2013_matched_output.img
5. Name the Image Difference File diff1.img

6. Name the Highlight Change File change1.img

7. Leave the Increase and Decrease values at the default 10 for now.

™ = x|

Before Image: (*img) [l After Image: (*img)
melb_2012.img - = melbh_2013_matched_on = 2

Layer: Layer:

Image Difference File: *img) Highlight Change File: (*img)
diff1.img ~ @ changel.img - =
Highlight Changes:
@ As Percent (0 Az Value
Incresses more than; 100

Decreases mare than:  10.0

[ ok | | Bach |

[ Cancel ] | wiswe..

8. Click OK to run the process.

9. When the Process has completed, open change1.img over the top of
melb2012.img.
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The pixels displayed as green have increased more than 10% between the
two images. The pixels displayed as red have decreased more than 10%
between the two images.

10. You may notice the image contains quite a lot of green pixels, these are considered
false positives. We will adjust the settings to account for this when we run the
change detection again.

11. Open diff1.img

The difference image produces a grayscale image composed of single band
continuous data. This image is the direct result of subtraction of the Before
Image from the After Image. Since Change Detection calculates change in
brightness values over time, the Image Difference File reflects that change
using the grayscale image.

12. Assess the change in diff1.img.

13. Of the two methods of displaying change, which do you think is more effective?
We will now run the change detection again.

14. From the Raster tab, Change Detection group, open Image Difference

15. For the Before Image choose melb_2012.img

16. For the After Image choose melb_2013_matched_output.img

17. Name the Image Difference File diff2.img

18. Name the Highlight Change File change2.img

As we saw a large number of false positives in the previous image we will
adjust the change increase and decrease to account for this.

19. Change the Increases more than value to 25%

20. Change the Decreases more than value to 15%.
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| Before Image: (*img) . After Image: ®img)

rmelb_2012.img - [ melh_2013_matched_on v 2

‘ Layer. (1 - Lawer: |1 - |
Image Difference File: (*img) Highlight Change File: (*ima)

diff.irng -~ @ changeimg &

Highlight Changes:

@ As Percent (0 As Value

£ L3
o
w

Increases mare than:  25.0

Decreases more than: 150 : as _]'
[ ok | [ Baeh | [ A0L. |
[ Cancel ] | Wi ] [ Help ]

21. Click OK to run the process.
22. Assess the resulting change2.img image. Is it a cleaner result than change1.img?

What are the limitations of this method of change detection?
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Irag BDA Change Detection with
DeltaCue

Objective:
This exercise will focus on BDA using QuickBird imagery over a location in Irag. The imagery will
first be co-registered in AutoSync before Delta Cue is used for Change Detection.

Task 4: Preparing Data Layers

1.
2.

© 00 N O 0 »

Go to File > Open Raster Layer.

Open the following images
e Iraq_qgb_bda_time1.img
e Iraq_qgb_bda_time2.img

. Assess how well the two images overlap by using the swipe tool available from the

Home tab > View Group.

Whilst the imagery appears to overlap quite well (within 2 — 5 pixels), change
detection is conducted at pixel level accuracy. It is important to co-register
change sets as closely as possible prior to running any change detection
methods.

. Clear the 2D View.

. From the Toolbox tab open AutoSync Workstation
. Create a new project.

. Name the project Iraq_BDA.lap

. Set the Workflow to Geocorrection

. Set the Geocorrection to Resample.
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10.
11.
12.
13.
14.
15.
16.

17.

18.

Chooae Propsct Opldnes
oy @ ecrsniEnce Eiclgas ldsiching
FoeciFie Flsg)  img_bdalep 1

Frheeraia s keac] piopeac] outpil cytions
Speokyths properies ohyour oules magee
Gecrnnachon U Calbmis . & Pesaimp

Eliiﬁ;mh = TR
|:|'|,5|'|||:|-|m| s r rcpisiey nuiputer - ﬂ

Digtewsit Cusipar) File fdame _oupud

¥ Garerate Summesy P 120 bda kil .

| K Cancel Heip

k= 4
Leave the rest as default.
Click OK.
The IMAGINE AutoSync Workstation will now open.
From the window on the left, Right-Click on Reference Image
Choose Iraq_qb_bda_time1.img as the Reference Image
From the window on the left, Right-Click on Input Images

Choose Iraq_qb_bda_time2.img as the Input Image

Open Project Properties

We will now adjust the settings for the Automatic Point Measurement (APM)

algorithm

Set the Find Points With to Default Distribution and Keep All Points
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APM Strategy | Geametric Madel | Prajection | Output |

Specify the automatic point measurement (APM) algorithm settings.

Input Layer to Use: |Layer_1 v| Feference Layerto | Layer_ 1 -

Find Points With: @ Default Distribution (0 Defined Pattern

Intended Murmber of 400 e ¥ Keep Al Paints
125 126
u nt; | 256 256
1] - Ending Line 1]
[¥] Automatically Remove Blundet Masdmum Blunder Femoval 2 :
| Fesetin Defaults | [Advanced Settings...]
[ 0oK ] I Cancel | I Help J
———————— —-—
19. Click OK.

20. From within the AutoSync window click the Run APM Icon @

You will see a large number of GCPs which have been automatically
generated the APM algorithm. If we wanted to we could manually edit these
points and/or remove points greater than a certain RMS Error.

21. We will now run the AutoSync process to resample the image.

22. Click Process > Calibrate/Resample.
The results will display in the AutoSync window.

23. Use the Swipe + tool to assess the results. The two images should now be
properly aligned.

24. Close the AutoSync Workstation

25. Do not save the project.
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Task 5: Change Detection with DeltaCue

1. From the Raster tab, Change Detection group click DeltaCue > Wizard Mode.
2. Name to Project file Iraq_bda.dgqw
3. Set the Time 1 Image to Iraq_gb_bda_time1.img

4. Set the Time 2 Image to Iraq_gb_bda_time2_output.img. This is the image that
was output from AutoSync in the previous exercise.

5. As this is QuickBird imagery, select QuickBird MS for both sensors.

A Specify IMAGINE DeltaCue project worksp

“Y'ou may create a new project or use an existing

@ Create a New Project

Use an Existing Project

Project File Marne: (*.depw)
irag_bda.dow =

Time 1 Image File Name: (*.img)

irag_gh_bda_timel.img = m%

Tirme 2 Image File Name: (*.img)
~  SensorTime 2:

irag_qb_bda_timeZ_outputimg CluickBird ME +

Settings |Program Defaults v|

Mexts Finish Record [ Cancel ] | Help |

6. Click Next
7. As our images are the same size, we do not require copping
8. Click Next

The next Wizard dialog creates a normalized Time 2 image with statistics matching that of the Time
1 image. It is important during this process that clouds not skew the results.

9. As neither image has clouds, click Next.

This Wizard provides options for a number of different change detection algorithms. Different
algorithms for better for different subjects.

10. Click Magnitude Difference Algorithm
11. Click Next
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Specify IMAGINE DeltaCue change detection methods.
DeltaCue

Change Algorithm

[CITC Green Dif [¥] bMagnitude Ci
[ TC Sail Diff [[]Single-Band
[[1Redness Dif Solor Threshold(%:): []Band-Slopel

-
>

"1 Greennass D

[CI Blueness Diff Higher (34) equal

Change Threshold

Symirietric e Use lteration

— Interactive e
Change E ) Thresholds Mane v|
Threshold(®). reshalds

Base Setting: Program Defaults

[ <Back ]| [Nt | Firish Record [ Cancel ] | Help |

12. We can select one or more Change Filters.
Spectral Segmentation

Spectral segmentation is a process that is applied to the Time 1 and Time 2
images to classify the change pixels into spectrally similar classes. You can
then filter out change pixels based on their Before or After spectral class.

Misregistration

The misregistration filter attempts to filter out unwanted change due to local
misregistration of the image pair. Such pixel misregistrations can cause
apparent change differences simply because the correct pair of pixels was not
differenced.

13. Enable Spectral Segmentation and Misregistration.

We can also apply a range of different Spatial Filters. For example we can
filter out areas greater than a certain size or areas that are particularly
elongated, such as roads. However it

14. We will first run the change detection without any spatial filtering
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Specify IMAGIMNE DeltaCue change detection filters.
DeltaCue

Change Filters

/| Spectral Segmentatian S| Misreqistration

Search'Window | 3x3 Pixels «

Spatial Filtering
Area 0.00000 : 100.00000
Major Axis 0.00000 - 100.00000 = metars
binar Axis 0.00000 100.00000
Elongation 0.00000 : 1000.00000

Cormpactness 0.00000 : 1.00000

Basze Setting: Program Defaults

| «Back || M et | Finish Fecord [ Cancel ] | Help |

15. Click Next.
16. Name the output file Iraq_change1.img

DeltaCue

taterial Filtering: Remowve the selected material type from the change analysis

Time Vegetatio 100.0

Mon-vegetat 30.0
“Water/Shadc 5000

Wegetatio
Mon-vegetat
“Water/Shadc

Session Output

Cutputimage Mame: “img) e AQIF

irag_changel.it ~ = v =

«Back | Finish | | Fecord | [ Cancel ] | Help |

17. Click Finish

18. The process will take a minute or so to run, once complete the results will appear in
the DeltaCue window.
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19. Zoom in to the image of the right to assess the change detection signatures. You
may notice a lot of noise and false-positive results.

5
s
-.-I

We will now apply some spatial filters to clean up the result.

20. Click on the Iteration ﬂ icon from the menu.
21. Click the Change Filters tab.
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22. Change the Output Image name to Iraq_change2.img.

The spatial filter identifies contiguous blobs of detected change by detecting
the contour of the blob. A contiguous blob is a set of pixels that are connected
by at least one neighbor in any of eight directions. Two change areas are
connected if they share at least one neighbor in common.

Once the spatial filter process has detected the contour of a contiguous
change area, it computes several geometric properties based on the contour.
The geometric properties considered are:

e Area

e Major axis length
e Minor axis length
e Compactness

e Elongation

Area and major/minor axis length have units associated with them. For
example, if the units are meters, the area is in square meters and the lengths
are in meters. Compactness and elongation are dimensionless quantities.

23. Apply the Spatial Filters in the following screenshot.

[

T} DeltaCue . - - 52|
Base leration |2 - Out_put Image Name: (.“.img)
irag_change.img - =
EllseADIFl  Input ACGHFle Mame: (*.agi) I

_!__C_h_ange Algorithm | Change Filters | paterial Fi_ltn_ar_si

[V] Spectral Segmentation [¥] Misregistration
Search Window | 3x3 Pixels v|
Spatial Filtering I
[V Area Min: g3.0ooon0 ) Mex 9999999 0001 I
[T Major Axis - ™I 000000 = MEXi100.00000 | Units{pixels =
[Tl bdinor & Y00 000000 = MEpoooonn |

[7|Elongation  Min: g.a0000 = Max g gooog E

7] Compactneshin: 0.40000 = Maxpgpoon 2

[ (9] ] [Reu:ord Iteratic:n] I Save Settings ] [Clusel [ Help ]

24. Click OK.

25. The process runs again.
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26. Assess the final result in the 2D View on the right. The colored pixels indicate

change. You may want to assess the result in the left hand window by using

any of the General Controls.
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Task 6: Mississippi River Flood Change Detection

1. From the Toolbox tab launch AutoSync Workstation.
2. Create new project and name the new project miss_flood.lap

3. Choose Resample as the Geocorrection method

Choose Project Options:

Workdflow: @ Georeference () Edge Matching

&l

Project File: (*lap) miss_flood lap -

Flease select project output options:

Specify the properies of yvour output images.

Geocorrection: ! Calibrate @ Resamp

[:{esample Settings...

Uze output directory and file name suffix for calibrate

i’}

Cefault Qutput c.ftrainingdata/outputs - =

Default Output File Mame _output

TN

V] Generate Summary B miss_flood.html -

[ [5]8 ] [ Cancel l [ Help ]

4. Add Mississippi_landsat_1993.img as the Input Image
5. Add Mississippi_landsat_1989.img as the Reference Image
6. Click OK.

7. Click on the Project Properties icon £

8. Change the pattern is set to Default Distribution
9. Set the intended number of points to 400

10. Check the Keep All Points option.
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APM Strategy | Geometric Model | Projection | Output |

Specify the automatic point measurement (AFM) algorithm settings.

Input Layer to Use: ILayerJ vI Feference Layer to

Find Points Yith: @ Default Distribution O Defined Pattern

Intended Mumber of 400 = [[Keep All Foints
128 : 128
2hh : 25k
1] : 1
[¥] Autamatically Remaowve Blunder haximum Blunder Remaowal 2 =
11. Click OK
12. Click the Run APM 4 icon
13. Click the Run £ icon to run the resampling process
14. Once the process is complete, Close AutoSync. Do not save the project.

15.
16.
17.
18.
19.

20.

From the Raster tab, Classification group, Select Delta Cue > Wizard Mode.
Name the project miss_flood.dgqw

Set the Time 1 Image to Mississippi_landsat_1989.img

Set the Time 2 Image to Mississippi_landsat_1993_output.img

Set the Sensor Type for both images to Landsat TM5 MS.

Specify IMAGINE DeltaCue project worksg

You ray create a new project or use an existing

@ Create a MNew Project

1l se an Existing Project

Froject File Mame: [*.dgw)
miss_flood.dogw - =

Time 1 Image File Marne: (*im
2 (timg) ~  =ensorTime 1

mississippi_landsat_1989.0my v = |LandsatTM‘: v‘]
Time 2 Image File Mame: (*img)
: ~  SensorTime 2

mississippi_landsat_1993_output =~ = |LandsatTM‘: v|

Settings lPngram Defaults v|
Next> | Finish Recard [ Cancel | [ Help |
Click Next
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21. At the Crop window, click Next again
22. At the normalization window click Next again
23. For the Change Detection method, select TC Soil Difference as the algorithm

Change Algarithm

[C1TC Green Dif [
V] TC Soil Diff [

| Redness Dif Caolor Threshald(®:): [
B -

[ Greenness D

[“|Blueness Diff Higher (34) equal

24. Click Next

25. Ensure Spectral Segmentation is checked on and click Next

26. In the final window set the Output Image Name as miss_flood_change1.img.
27. Click Finish to run the process.

28. The resulting Change image will open.

Fin  idey " ||;-||
P PR S R RN S A T ——
eneral Conbials B Befnm g [Epoked

G A @

I Zioom = G
@ @ G -

29. Assess the image in the window on the right, does the information make sense?

30. Click the Iteration tool 2,
31. Click on the Change Filters tab

32. Set the minimum area to 100 and the maximum to unlimited
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33. Name the output file miss_flood_change2.img
34. Once the image process has finished, assess the result.

Before |
@ After

35. Click the After button | Transitial |

36. Use the Turn Off Segments icon 3 to remove the change from the vegetation
areas. You will need to turn the icon on, each time to remove more segments.
Click Apply when finished.

37. You are now left with a thematic raster, showing the areas of flood change around
the Mississippi river.
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Task 7: Change Detection with using NDVI datasets

In this task we will generate two NDVI datasets from two different dates before using change
detection to assess changes in vegetation health.

1. Open the following datasets
Landsat8_06aug14.img
Landsat8_19apr15.img

You should notice these datasets look quite different as they have been collected on different
dates and the area is heavily vegetated. You may also notice some fire
scarred areas.

We will now create an NDVI for each image.
2. From the Raster tab, click Unsupervised > NDVI
3. Add landsat8_06aug14.img as the input image
4. Name the output image ndvi_06aug14.img
5. Select Landsat 8 MS from the Sensor drop down list

InputFils (*ine Caiget File: [ my)
Iarclsmfl_(Emugi4img - = neha_llfsug14img -

L1

i

Landsat HIME x
Wi Opdion e |0 Opdion s
Cntwgone 14J =

ndes | WA - Fomekzed Crieeoce Yegeistion Indes - | Ehiow Al

Formula: (4 - RECH | (4R + BED]
Band Selection Farameisn

Band Wanakagh sidh MR Fad = Fanaim | Wialus Dicacriplon
1 04 g
04 0
[ PRI 17}
0555 0 ¥
086 003 «
161 0E
23 014 - . ' [

W g unil; oo

e T R

6. Click OK to run the process.

7. Now run the exact same process again using landsat8_19apr15.img as the input
image and name the output image ndvi_19apr15.img.

You should now have two NDVI images. Assess the images, can you spot any
initial differences between the two datasets?

The vegetation health in these images seem very different, because in reality
they are. The vegetation health may have changed due to the differences
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season, drought or farming, however we can still find areas where the
vegetation health is similar.

The areas in red show vegetation with similar infra-red reflectance during both seasons.
8. From the Raster tab click Zonal Change Detection Express > Image Difference.
9. For the Before Image add ndvi_06aug14.img.
10. For the After Image add ndvi_19apr15.img.

11. Save the Image Difference as ndvi_difference.img and the Highlight Change File
as ndvi_change.img.

12.

Before Image: After lImage: *.img)

nchvi_0Baugldimg - nokvi_19apr1 Simg -

Image Difference File: (*.imag) Highlight Change File: (*.img)
ndwi_difference.img - [ ndvi_changeimg - =

Highlight Changes:
@ Az Percent ) Az VWalue
Increases more than:  26.0

Decreases mare than: 5.0

Lok | |

[ Cancel ] [ Wiew ... ]
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13. Assesse
14.
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