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Grouping Classes using Spectral 
Matching Techniques (SMT)

Hyperspectral Analysis Techniques of Time-
series Data for Irrigated Area Class Identification

Class Identification and Labeling Process
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Quantitative Spectral Matching Techniques

Class Identification and Labeling Process

The very first step is to perform 
SMTs to group classes (e.g., SCS 
R2-value) and then go through the 
process of class identification and 
labeling. This will help us label 
group of classes rather than a 
single class.



Spectral Matching Techniques
To Group similar classes and help in process of 

class identification and labeling process

1. Qualitative spectral matching technique

2. Quantitative spectral matching techniques

spectral correlation similarity (SCS) R2

spectral similarity value (SSV)



Spectral Correlation 
Similarity (SCS) R2

Quantitative Spectral Matching Techniques

Class Identification and Labeling Process

GIAM 500-m
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1 2 3 4 5
1

3

4

5
Class spectral signatures

Grouping Classes based on Time-series Spectra

Time-series Spectra from 5 unsupervised classes



21

1

2

Grouping Classes based on SCS R2 of Time-series Spectra

Mean spectra of similar classes

Unsupervised Class spectra

4

32

1
5

1 and 5
2,3,4

0.613<R2<0.98



Irrigated,SW,wheat,rice,cotton,LS,DC

Class Identification and Labeling: class 1,2,3,4,5
SCS R2 Spectra Identified and Labeled based on GT Data

Irrigated,SW,wheat,rice,LS,DC

Irrigated, SW,rice,wheat,LS,DC

Rainfed-millet,sunflowersorgum,SCRainfed-millet,sunflowersorgum,SC

Rainfed,millet,SC

1

5

2
3

4

GT points for  
class 2, 3, and 4

GT points for  
class 1 and 5



Class Identification and Labeling: class 1 and 5
SCS R2 Spectra Identified and Labeled based on GT Data

33 GT points 
available for these 
classes (few shown)

Rainfed,millet,SCRainfed,sunflower,SC

Rainfed,sunflower,onion,SC

Rainfed,groundnut,SC

Rainfed,millet,sorgum,SC

Rainfed,millet,sorgum,SC

Rainfed,groundnut,redgram,SC

1

5



Rainfed Rainfed

Irrigated, SW
Irrigated,SW

Class Identification and Labeling: Classes 1,2,3,4,5
SCS R2 Spectra Identified and Labeled based on Google Earth Data

Irrigated,SW
Irrigated,SW



Class Identification and Labeling                  
SCS R2 Spectra Identified and Labeled based on Secondary Data



Irrigated,SW,wheat,rice,cotton,LS,DC

Rainfed,millet,sunflower,sorgum,others,SC

Class Identification and Labeling                  
SCS R2 Spectra Identified and Labeled based on GT Data, Google Earth 

Data, High-resolution Imagery, Literature Knowledge base



Rainfed agriculture
Rainfed agriculture

Shrubs with crop

USGS-LULC

GLC-LULC
GLC-LULC

USGS-LULC

Cropland (rice)

Irrigated intensive

agriculture

USGS-LULCGLC-LULC

Cropland (Millet, 
Soybean, Rice)

Ganges-LULC

Irrigated

Class Label Verification                                    
SCS R2 Spectra Identified and Labeled based on Secondary Data



Ideal Spectra Generation
Reference spectra to identify and label class spectra



Irrigated,SW,rice,LS,DC

Irrigated,SW,rice,LS,DC

Irrigated,SW,rice,LS,DC

Irrigated,SW,rice,LS,DC

Irrigated,surfacewater,rice,Large scale,double crop

Irrigated,SW,rice,LS,DC

AVERAGE
Irrigated,SW,rice,LS,DC

Generating Ideal Spectra: Rice Double Crop



Irrigated,SW,rice,SS,SC

Irrigated,SW,rice,SS,SC

Irrigated,SW,rice,SS,SC

Irrigated,surfacewater,rice,small scale, single crops

Average:Irrigated,SW, rice,SC

Generating Ideal Spectra: Rice Single crop



Ground Water,Rainfed agriculture,other land use land cover

Home gardens with plantations
Irrigated,GW, mixed crops, sugarcane,

turmaric,maize,SC

Rainfed,mixed crop,soyabean,gram,SC
Rainfed,sunflower,SC

Generating Ideal Spectra: few other illustrations



Demo of: 

(a)GT points and 



Illustration of Identifying and Labeling 
Global GIAM 10 km V 2.0 classes



Quantitative Spectral Matching Techniques

Class Identification and Labeling Process

The very first step is to perform 
SMTs to group classes (e.g., SCS 
R2-value) and then go through the 
process of class identification and 
labeling. We will illustrate 
identifying one of the classes in a 
group.
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1 2 3 4 5
1

3

4

5
Class spectral signatures

Grouping Classes based on Time-series Spectra

Time-series Spectra from 5 unsupervised classes



Kazakhstan

Kyrgyzstan
Uzbekistan

Turkmenistan

Afghanistan

Tajikistan

Russia

China

Kazakhstan

Uzbekistan

Tajikistan

Kyrgyzstan

Afghanistan

Turkmenistan

Identifying and Labeling one of the 
100s of Classes

Solving an Easy Class (e.g., Class #6)



Identifying and Labeling class # 6
Ground truth Data (e.g., Class # 6)

……….Abundance of Ground Truth Data

Irrigated, SW, Rice

Kyrgyzstan

Irrigated, SW, Rice Irrigated, Sorghum

Irrigated, SW, winter wheat

Irrigated, SW, Cotton

Irrigated, SW, Cotton

Irrigated, SW, Maize

Irrigated, SW, Cotton

Irrigated, SW, Cotton

Irrigated, SW, Cotton



Inference from Ground data

Irrigated, Surface water

…….overwhelming evidence



1

2

3

4

Identifying and Labeling class # 6
use of Google Earth Data

Randomly select 30-60 points per class for 
“ zoom in views”  from Google……4 points 
selected in ERDAS and their precise 
coordinates determined



1 2

Irrigated, surface water Irrigated, surface water

Canal
Canal

Identifying and Labeling Class # 6
Zoom In Google Earth Data Views of Points 1 and 2



43

Irrigated, surface water Irrigated, surface water

Canal

Canal

Identifying and Labeling Class # 6
Zoom In Google Earth Data Views of Points 3 and 4



Inference from Google

Irrigated, Surface water

…….overwhelming evidence



1 2

Irrigated, surface water Irrigated, surface water

Identifying and Labeling Class # 6
High-resolution Imagery for Points 1 and 2



3 4

Irrigated, surface water Irrigated, surface water

Identifying and Labeling Class # 6
High-resolution Imagery for Points 3 and 4



Inference from High Resolution

Irrigated, Surface water

…….overwhelming evidence



Verification of Labeling Class # 6
Secondary Data



Inference from Secondary data

Irrigated, Surface water

…….overwhelming evidence



Inference from all available 
Information: GT, Google, high-

resolution, Secondary

Irrigated, Surface water, Double crop



Identifying and Labeling a Class 
Class # 7

Class with poor groundtruth points



India

China

Pakistan Pakistan India

Identifying and Labeling one of the 100s of Classes
Solving an Easy Class (e.g., Class # 7)



Identifying and Labeling Class # 7
step 1: use of Ground Truth Data

Example of poor 
ground truth 

coverage

Irrigated, surface water



Inference from Ground data

Irrigated, Surface water???

……..highly inadequate GT 
data



1

2

3

4

5

6

Identifying and Labeling Class # 7
step 2: use of Google Earth Data

Randomly select 30-60 points per class for 
“ zoom in views”  from Google……6 points 
selected in ERDAS and their precise 



Identifying and Labeling Class # 7
Zoom In Google Earth Data Views of Points 1 and 2

1 2

Irrigated, surface water Irrigated, surface water

Canal

Canals



3 4

Canal

Irrigated, surface water Irrigated, surface water

Identifying and Labeling Class # 7
Zoom In Google Earth Data Views of Points 3 and 4



5 6

Irrigated, surface water Irrigated, surface water

Canal

Canal

Identifying and Labeling Class # 7
Zoom In Google Earth Data Views of Points 5 and 6



Inference from Google

Irrigated, Surface water

……..Clear evidence



1 2

Irrigated, surface water Irrigated, surface water

Identifying and Labeling Class # 7
High-resolution Imagery for point 1 and 2



3 4

Irrigated, surface water Irrigated, surface water

Identifying and Labeling Class # 7
High-resolution Imagery for point 3 and 4



5 6

Irrigated, surface water Irrigated, surface water

Identifying and Labeling Class # 7
High-resolution Imagery for point 5 and 6



Inference from High Resolution

Irrigated, Surface water

……..significant evidence



Secondary Data in Verification of class # 7
Central Board of Irrigation and Planning (1992) Map

Pakistan

India

China

CBIP map showed the areas 
within the yellow vector 
bounradies are irrigated. Class 
# 7, overwhelmingly, falls 
within the boundary.



Secondary Data in Verification of class # 7
Central Board of Irrigation and Power (1992) Map

What do data from various sources say?



Inference from secondary data 
sources (e.g., CBIP, USGS maps)

Irrigated

……..Overwhelming evidence



Inference from all available 
Information: GT, Google, high-

resolution, Secondary

Irrigated, Surface water, Double crop



Identifying and Labeling a Conflict Class 
Class #8

Class with no groundtruth points



Kazakhstan

China

Mongolia

Kyrgyzstan

China

Kazakhstan

Kyrgyzstan

Identifying and Labeling one of the 
100s of Classes

Solving an difficult Class (e.g., Class # 8)



1 2

3 4

Identifying and Labeling class # 8
use of Google Earth Data

Randomly select 30-60 points per class for 
“ zoom in views”  from Google……4 points 
selected in ERDAS and their precise 
coordinates determined



5 6

7 8

Randomly select 30-60 points per class for 
“ zoom in views”  from Google……4 points 
selected in ERDAS and their precise 
coordinates determined



1 2

Irrigated, surface water Irrigated, surface water

Identifying and Labeling Class # 8
Zoom In Google Earth Data Views of Points 1 and 2



3 4

Other LULC Other LULC

Identifying and Labeling Class # 8
Zoom In Google Earth Data Views of Points 3 and 4



5 6

Other LULC Other LULC

Identifying and Labeling Class # 8
Zoom In Google Earth Data Views of Points 5 and 6



7 8

Irrigated, surface water Irrigated, surface water

Identifying and Labeling Class # 8
Zoom In Google Earth Data Views of Points 7 and 8



Inference from Google

CONFLICT CLASS

…..50% points irrigated and 50% points non-irrigated



1 2

Irrigated, surface water Irrigated, surface water

Identifying and Labeling Class # 8
High-resolution Imagery for point 1 and 2



3 4

Other LULC Other LULC

Identifying and Labeling Class # 8
High-resolution Imagery for point 3 and 4



Inference from High resolution

CONFLICT CLASS

…..50% points irrigated and 50% points non-irrigated



Verification of Class Labeling, Class # 8
Secondary Data



Inference from Secondary data

CONFLICT CLASS

….. irrigated and non-irrigated mix



CONFLICT CLASS

Inference from all available 
Information: GT, Google, high-

resolution, Secondary



How to resolve a Conflict Class?



Resolving a Conflict\mixed Class
Some Methods

1. Spatial modeling;

2. Decision tree;

3. Mask and re-classify



Resolving a Mixed Class
Spatial Modeling

X

GTOPO30-Digital Elevation Model (DEM)Conflict Class

= Irrigated areas

Resolution-1km

Areas in Red have both irrigated and non-irrigated areas; typically classes 
emerge as some combination of mix of classes

Example data to be used in GIS 
modeling to resolve mixed classes



Conflict Class # 9 X GTOPO30-Digital Elevation Model (DEM)

Leads to…………….More than 3000 classes

Resolving a Mixed Class
Spatial Modeling



……the 4015 classes can be recoded based on class identity……if 
classes 1-200 are one type then we group them into distinct 
category…..here a simple example of classes falling <1500 m and 
>1500m are shown

= Elevation < 1500m

= Elevation > 1500m

Legend:

Resolving a Mixed Class
Spatial Modeling



Is the class resolved?



= Elevation > 1500m

1

2

3

4

1

2

3

4What are the classes in 
elevation > 1500 m?

Identifying and Labeling classes within Class # 8



Other LULC Other LULC

Identifying and Labeling classes within Class # 8
Zoom In Google Earth Data Views of Points 1 and 2



Other LULC Other LULC

Identifying and Labeling classes within Class # 8
Zoom In Google Earth Data Views of Points 3 and 4



Inference

Areas in red are identified as other 
LULC……..the area of this class is 57% 
of the total area of class # 8 

= Elevation > 1500m= Other LULC

Note: identification protocol involves using SMTs, GT data, Google Earth 
data, High resolution imagery. Class verification process involves use of 
secondary data.



= Elevation < 1500m

1
2 3

6

5

4

1

2

3

Identifying and Labeling classes within Class # 8



= Elevation < 1500m

1
2 3

6

5

4

4

5

6

Identifying and Labeling classes within Class # 8



Irrigated, surface water Irrigated, surface water

Identifying and Labeling Class # 8
Zoom In Google Earth Data Views of Points 1 and 2



Irrigated, surface water Other LULC

Identifying and Labeling Class # 8
Zoom In Google Earth Data Views of Points 3 and 4



Other LULC Other LULC

Identifying and Labeling Class # 8
Zoom In Google Earth Data Views of Points 5 and 6



Inference

= Elevation < 1500m = CONFLICT

Areas in green are identified as 
“ irrigated and other LULC” ……..the area 
of this class is 43% of the total area of 
class # 8



What next?



Spatial Modeling

= Elevation < 1500m 

X

FAO-EvapotranspirationConflict class

Irrigated and other LULC



Conflict Class X Evapotranspiration (ET0)

Leads to………More than 
1000 classes

Resolving a Mixed Class
Spatial Modeling

Conflict Class # 8 X ET



= ET < 1000mm

= ET > 1000mm

Legend:

Resolving a Mixed Class
Spatial Modeling

……the 1000 classes can be recoded based on class identity……if 
classes 1-200 are one type then we group them into distinct 
category…..here a simple example of classes falling <1000 mm ET 
and >1000mm ET are shown



Is the class resolved?



= ET < 1000mm

1

2

3

4

Identifying and Labeling classes within Class # 8

What are the classes with 
ET<1000 mm?



Other LULC Other LULC

Identifying and Labeling classes within Class # 8
Zoom In Google Earth Data Views of Points 1 and 2



Other LULC Other LULC

Identifying and Labeling classes within Class # 8
Zoom In Google Earth Data Views of Points 3 and 4



Inference

= ET < 1000mm = Other LULC

Note: use wide range of information (e.g., SCS R-square to group 
classes; GT, high resolution images to identify classes, and 

secondary data to verify classes)

Resolved



= ET > 1000mm

1

2

3
4

Identifying and Labeling classes within Class # 8

What are the classes with 
ET>1000 mm?



Irrigated, surface water Irrigated, surface water

Identifying and Labeling classes within Class # 8
Zoom In Google Earth Data Views of Points 1 and 2



Irrigated, surface water Irrigated, surface water

Identifying and Labeling classes within Class # 8
Zoom In Google Earth Data Views of Points 3 and 4



= ET > 1000mm

Inference

= Irrigated

Note: use wide range of information (e.g., SCS R-square to group 
classes; GT, high resolution images to identify classes, and 

secondary data to verify classes)

Resolved



What did we achieve in the end?



Class # 8 separated into:
- 32.2% of area as Irrigated

- 67.8% of area as other Land use/ Land cover

Identifying and Labeling classes within Class # 8



Class Naming Convention                
How to Name a GIAM Class?                      

One Example



Acronyms
SW: Surface Water
GW: Ground Water

LULC: land use, land cover
LS:Large Scale
SS: Small Scale
SC:Single scale

DC: double scale
CC: Continuous

SSD: spectral signature difference
*: others=mention crop type and/or crop 

dominant

Level I: Watering method Irrigation type Crop type* Scale Intensity

Irrigated Rainfed LULC

SW GW

e.g. Rice, Wheat, Maize, or others*

Large scale Small scale

Single
crop

Double
crop

Continuous
crop

+ + + +

Level III&IV&V:

FragmentConjunctive use

Level II:

Watering method

Irrigated

Rainfed

LULC

Level VI:

Standardized Class Naming
to Overcome Interpreter Bias

Watering method Irrigation type Crop type*

Irrigated Rainfed LULC

SW GW

e.g. Rice, Wheat, Maize, or others*

+ +

Conjunctive use

Watering method Irrigation type

Irrigated Rainfed LULC

SW GW

+

Conjunctive use



Naming example class 1 of segment 2
Illustration 1 for a sub-class

Overview of distribution of example class2

Google earth view of Ganges GT #55

Spectral plot

GB55

Photo for GT point #55

Irrigated, surface water, 
rice, wheat, large scale

GIAM example class 1 of segment 2 
this class has only one GT point



How People Name Classes?
Class Naming based on Various Information by various interpreters

Possible names:
Irrigated agriculture
Irrigated cropland
Winter wheat fields
Surface water irrigation
Irrigated wheat and maize

……….But we need to have one consistent name

How ?
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Naming the example class 1
using the Class naming Convention

Level I: Watering method Irrigation type Crop type* Scale Intensity

Irrigated Rainfed LULC

SW GW

e.g. Rice, Wheat, Maize, or others*

Large scale Small scale

Single
crop

Double
crop

Continuous
crop

+ + + +

FragmentConjunctive use

a b c d e

a b c d e



Example 1:sub-classes of class # 1
Arranging or Grouping Similar Classes for first three levels

Drop scale, intensity, 
and crop type

Watering method, irrigation type, 
crop type, scale, intensity



All classes in a Segment
Practices

See EXCEL file :


