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Woods, corn, and roughland were identified most accurately 
(2 89 percent) while hay-pasture and grain fields were consistently 
confused (- 50 percent). 

INTRODUCTION 

I NFORMATION on the condition, acreage, and dis- 
tribution of the world's major cash crops is 

needed on a timely basis for efficient marketing 
decisions. Crop Information Systems (C.I.S.) are 
thus being developed to provide this kind of data 
(King, 1979). Microwave sensors may provide val- 
uable input to a C.I.S. because of their indepen- 
dence from solar illumination and weather condi- 
tions. It has been demonstrated that microwaves 

various government departments using microwave 
sensors. This project induded The Agricultural 
Working Group, which was interested in informa- 
tion about crops and soils that could be extracted 
from airborne radar imagery. The work presented 
in this paper resulted Rom an experiment the au- 
thors conducted as part of this working group 
(Brisco and Protz, 1979; Brisco and Protz, 1980b). 
Both manual and digital multi-date crop classifi- 
cation results using airborne synthetic aperture 

ABSTRACT: Manual and automatic crop discrimination using multidde radar 
imagery is presented and discussed. Woods, roughland, and corn were identified 
with accuracies approaching or exceeding 90 percent when using image tone 
and tezture as the key discriminants. Hay-pasture and grain fields were mnsb- 
tently confused, however, leading to identification accuracies of approximately 
50 percent. Although image enhamernent prior to supervised classification was 
helpful, the lack of textural information in the digital classification led to in- 
creased class confvsion due to the overlapping tonal distributions of the five 
clczsses investigated. Hay-pasture and grain fields may be more accurately 
identified if imagery is collected during the growing season when these two crop 
types are at their maximum difference in geometd l  and dielectricat prw- 
erties. 

may b e  used to discriminate between crops 
(Schwarz and Caspall, 1968; Haralick et al., 1970;. 
Batlivala and U&y, 1975; Bush and Ulaby, 1978). 
However, the interpretation methodology and 
system parameters need to be more fully devel- 
oped before the operational use of microwave data 
in C.I.S. is possible (King, 1979). 

The Canadian Surveillance Satellite ( suasa~)  
Project was, designed to determine the technical 
feasibility of satisfying the surveillance needs of 
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radar (SAR) imagery are presented and discussed. 

A I R ~ R N E  A N D  GROUND BASED DATA COLLECTION 

The University of Guelph Remote Sensing Test 
Strip from northwest of Elora to the southeast of 
Hamilton, Ontario was used as the study area 
(Figure 1). Airborne SAR dab were collected on 3 
August and 28 September L978 by the Environ- 
mental Research Institute of Michigan's (ERIM) 
four channel radar system. This radar system was 
installed in the Canada Centre for Remote Sensing 
(C.C.R.S.) Convak 580 aircraft and is now a com- 
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FIG. 1 Location of the University of Guelph Test Strip and the training and testing sections. 

ponent of their airborne data collection program. 
Flight and radar system parameters pertinent to 
these flights are listed in Table 1. Black-and-white 
and color aerial photographs were taken of the 
same area on 30 October 1978, the first date a 
C.C.R.S. aircraft was available. This late photog- 
raphy proved useful for confirming field bound- 
aries and cover types. 

Prior to 2 August, the two training sections (1 
and 2, Figure 1) were inventoried according to 
crop type. Only fields easily reached from road- 
ways bordering these areas were identified, num- 
bered, and recorded. On both flight dates six rep- 
resentative fields of each crop type were visited 
for surface truth data collection. The inventory 
crop, soil, and landform observations are pre- 
sented and discussed by Brisco and Protz (1979, 
1980a). 

The August radar imagery for section 2 of the 
test trip is presented in Figure 2. All four channels 
from each flight were used for a multi-date crop 
classification for the five classes: woods, corn, 
roughland, grain, and hay-pasture. 

Roughland describes fields that have been pre- 
viously cleared but uncultivated for a number of 
years. Interpretation criteria were developed by 
inspection of the known fields of these cover types 
in the training sections (1 and 2; Figure 1). The 
resulting interpretation key was used to classify all 
fields within the testing sections (3 and 4; Figure 
1) as one of the five cover types. Identification was 
calculated by comparing radar imagery interpre- 
tation to the color aerial photography on a field by 
field basis. Due to the late date of the aerial pho- 

TABLE 1. FLIGHT A N D  RADAR SYSTEM PARAMETERS FOR THE SAR DATA COLLECTION 

Radar System - ERIM 4 channel SAR 
Wavelength - X: 3.0 cm L: 25.0 cm 
Antennae Depression Angle - 22" 
Polarization - X: HH, HV L: HH, HV 
Pulse Length (p  sec) - Aug. PRF 3373 Sept: PRF 3200 

X: +41.6 L: +43.1 X: +40.5 L: +42.5 
Altitude - Aug. 19,000 ft. A.S.L. Sept: 19,500 ft A.S.L. 
Time - Aug: 20:45-20:58 Sept: 20: 1520:26 
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I L-HH 

L-HV 
FIG. 2. Inventory field locations and radar imagery for section 2. August. 

tography acquisition (30 October), many fields had 
their surface cover altered by harvesting and till- 
age operations. Thus, it was assumed that if a field 
were classified as either corn or grain it was cor- 
rectly identified if it appeared as a bare surface on 
the photography. Hay-pasture and roughland 
fields were assumed to be unaltered; thus, if they 
were bare on the photography, they were consid- 
ered incorrectly identified fields. 

Inspection of Figure 2 reveals some problems 
with the radar imagery, The L-HV channel exhib- 
its vertical banding and a low signal-to-noise ratio, 
limiting the use of these data in an automatic clas- 
sification. The August X-HV and September L-HV 
channels were also of limited use due to these 
problems. As a result, the digital analysis was con- 
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centrated on the use of the like-polarized chan- 
nels. The optically processed image films for both 
dates were digitized at C.C.R.S. using the PDS 
microdensitometer. The resulting disk files were 
read on to magnetic tapes for subsequent digital 
analyses on the Applied Resource Image Exploi- 
tation System (ARIES). Due to the limited system 
time available, only section 2, which has a more 
uniform topography and more intensive agricul- 
tural use, was utilized. 

The four-channel data set was registered using 
manually selected ground control points with the 
L-band channel registered to the X-band channel. 
After the two channels for each flight data were 
registered, these two data sets were registered to 
create the multi-date image set. This was sub- 
sequently median filtered using a 3 by 3 box car 
filter to reduce the coherent speckle associated 
with SAR data (Lowry st d, 1978). The multi-date 
image was then enhanced using the Karhumen- 
Loeve (K-L) principal component transform 
(Kourtz and Scott, 1978) prior to supervised and 
unsupervised c l a s s i fuon .  Corn field identifica- 
tion accuracy for section 2 was calculated in a 
manner similar to the manual classification. 

grain field. Less frequently, a roughland or fallow 
field may be brought back into crop production, 
leading to an interpretation error. This illustrates 
the necessity of having the aerial photography 
collection timed synchronously with the radar 
flights, if the photographs are to be used for 
checking the interpretation accuracy. Although 
this would be a small source of error, it is avoid- 
able. 

Corn and woods are readily discriminated from 
all other classes when using a twochannel combi- 
nation of X- and L-Band data. Corn and woods are 
the only vegetative targets exhibiting high returns 
on the L-Band channels, while the smooth textural 
appearance of corn on X-Band channels allows it 
to be separated from woods (Brisco and Protz, 
1980b). Batlivala and Ulaby (1975) found that corn 
and woods were confused on the ERIM L-Band 
like-polarized channel, with the use of the cross- 
polarized channel increasing separability. They 
reported accuracies of only 65 percent and 74 per- 
cent, illustrating the improvements possibie when 
X-Band data are included in the analysis. Similar 
results were reported by Ulaby et al. (1980), again 
using oniv L-Band data. with these authors indi- 
cating thit shorter wavklengths (< 3.75 cm) are 
nreferred for eron discrimination. 

The manual interpretation key developed from Aoughlands g&erafiy have ;large variability of 
known fields in the training sections is presented vegetative cover type and distribution and thus 
in Table 2. An overall identifiation aocwacy of exhibit a rough image texture. This enables accu- 
72.6 percent was obtained with corn, woods, and rate discrimination from the other cover types .  
roughland being the least cmfufused classes (Table 
3). Hay-pasture and grain fields were amsistently 
confused with each other, leading to identification 
accuracies of approximately 50 peroent. Some of 
the identification errors can be attributed b the 
date of the color aerial photography acquisition 
and the assumptions made $01 hay-pasture and 
grain field identification. For example, some hay 
or pasture fields may be tilled, in prepaxation for a 
new crop, and thus be interpreted i n c o d y  as a 

The hay-pasturn and grain fields, however, -gave 
overlapping tonal and textural appearances, re- 
sulting ir identification aocuracies of 50 percent or 
less. Although some of the error may be attributed 
to the color a e d  photograph interpretaiions, as 
previously mentioned, the hay-pasture and grain 
Mds remain the most confused classes. 

Image M u r e  was used exiensively in the in- 
terpretation procedure, and a more quantitative 
approach may inapm elassifwation accuracy sig- 

1.0 Medium &o H+gh &turn on X-Band -- 2.0 
1.1 Lcav 1Pm )JZeddieum Return on X-&md -- 7.0 
2.0 High Rectum on GBand - 3 0  
2.1 .Lcm to Medium Rebum an LBand - 4.0 
3.0 R~u~&'Textwm an X 4 h d  -WOODS 
3.1 Smooth Textwe (on X-Band CORN 
4.0 Medium Return cam L-Band - 5.4) 
4.1 Law Return nm G h d  - 6.0 
5.0 Rm& Tieuhre *on X-Band - l%OUCXLAIbJD 
5.1 'Smaoth Texture on X-Band -- GRAIN 
6.0 Rough Texture: Lorver Return on X-Band ---- HAY-PASTUBE 
6.1 Smooth Texhmc H a g k  &etorn on X-Band GRAIN 
7.0 zlrrw R- X- and FIAY-PASTUXE 
7.1 Medium Return m X-Bsnd -- 8.0 
8.0 Rough Texture on X-Band -- HAY-PASTURE 
8.1 Smooth Texture on X-Band -- GRAIN 
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TABLE 3. MANUAL CROP CLASSIFICATION ACCURACY ACHIEVED WITH MULTI-DATE RADAR IMAGERY 

Fields Fields 
Correctly Incorrectly Fields not Total # 

Crop Type Identified Identified Identified of Fields 

Accuracy Inclusion Omission 
Number % Number Error % Number Error % 

Section 3 
Woods 8 89 1 11 0 0 9 
Roughland 5 83 1 17 0 0 6 
Corn 20 91 0 0 2 9 22 
Grain 16 50 4 13 12 37 32 
Hay-Pasture 10 39 12 46 4 15 26 

Section 4 
Woods 12 100 0 0 0 0 12 
Roughland 5 72 1 14 1 14 7 
Corn 20 100 0 0 0 0 20 
Grain 12 52 6 26 5 22 23 
Hay-Pasture 11 50 5 23 6 27 22 

Total # of Fields 179 
Overall Accuracy 72.6 

nificantly. The information content of texture on 
radar images is considerable and should be in- 
cluded in image analyses (Lowry et al., 1978). Mo- 
rain (1976) emphasizes the importance of texture 
in radar image interpretation for vegetation and 
suggests that micro-texture may be the most use- 
ful. Texture has been used for crop discrimination 
before (Kedar and Hsu, 1972), and the meth- 
odology should be developed to incorporate this 
information into crop identifications with SAR 
data. Enlargement of the imagery may also im- 
prove the identification accuracy by making the 
location of field boundaries more visible. Several 
very small fields in close association with large 
fields of a similar cover type were not separated 
from the larger field. This source of error may be 
greatly reduced when working with enlarged im- 
agery, a technique which is currently being inves- 
tigated. 

Registration accuracy of one line and one pixel 
was achieved, which was considered adequate for 
the subsequent digital analysis. The multi-date 
enhanced image (of a portion of section 2) is pre- 
sented in Plate 1. Although Lowry et al. (1978) 
reported that principal component enhancements 
worked poorly on their SAR data, the K-L transform 
applied here proved helpful. Corn and forested 
areas are enhanced and still separable because 
image texture has not been lost. Some hay-pasture 
(purplish) and grain fields (orangish) appear as 
relatively uniform fields, but there is still consid- 
erable overlap between these two classes. The 
enhanced image was used for training site selec- 
tion, prior to supervised classification, because the 
interpreter could select "purer" areas of each class 
from the enhancement for generating the class's 
statistics. 

The resulting supervised classifications, for the 
same portion of Section 2, is presented in Plate 2. 
Clustering the final product (no area of three or 
less pixels is independently classified) resulted in 
fields being identified more uniformly as one 
cover type. Image texture is lost in the spectral 
classification such that woods are either red (corn) 
or yellow (signal saturation). Thus, corn fields, red 
for standing corn an mauve for cut corn, are iden- 
tified with 75.7 percent accuracy when woods are 
included as a confusion class. However, forests are 
easy to identify on the raw image (Brisco and 
Protz, 1980b) or on the enhancement and can be 
separated from the corn fields. When this is done 
corn field classification accuracy increases to 95.5 
percent. Class impurity, represented by more than 
one color in one field, is present in the corn fields 
and is common in all other classes. The presence 
of an area of poor crop growth, due to the dry con- 
ditions of the 1978 growing season, usually ac- 
counts for the impurity in the corn fields (see 
Plates 1 and 2). Identification accuracy was not 
calculated for the other cover types because the 
class confusion is so great that it would be difficult 
to classify a field as one cover type or another. 

As with the manual classification, the greatest 
confusion exists between the grain fields and the 
hay-pasture fields due to the overlapping tonal 
values. The problems of spectral overlap between 
the classes are illustrated in Figure 3 by the his- 
tograms generated on the C.C.R.S. Image 100. 
Note the bimodal distribution in the August L-HH 
data for grain fields. As described earlier for corn 
fields, the 1978 growing season was quite dry, re- 
sulting in areas of poor crop growth within some 
fields. The secondary peak in the grain's histo- 
gram could represent slight depressions in the 
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PLATE 1. Multi-date image enhancement from ARIES. 

COLOUR CLASS 

CORN 

GRAIN 

HAY-PASTURE 

CUT CORN 

SIGNAL DEPRESSION 

SIGNAL SATURATION 

UNKNOWN 

UNKNOWN 
PLATE 2. Supewised classification of multi-date SAR imagery fkom ARIES. 
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June July August September 
1 15 1 15 1 15 1 15 

Corn 0-20 10-40 20-60 60-120 120-220 180-230 same -------- > 
Spring grains 5-15 20-50 40-90 60-90 same 0-90 0-90 0 
Winter grains 20-50 50-100 70-100 70-100 0-100 0 0 0 
Alfalfa grass 40-90 10-100 same------------ > 20-100 same 

fields, which would result in  more moisture 
availability and thus more vigorous crop growth. 
This large within-class tonal variability in SAR data 
makes unsupervised classifications difficult due to 
the large number of machine generated classes 
that result. Unsupervised classification on the 
ARIES system did not produce as good a final prod- 
uct as the supervised classification and thus the 
results are not presented. This class confusion 
would be reduced if the time periods for SAR data 
collection would correspond to times that maxi- 
mum difference in dielectrical and geometrical 
properties exit in the various cover types. The 
observation that plant moisture contents vary at 
crop maturity (Ulaby and Bush, 1975; Ulaby and 
Bush, 1976) and the data presented in Table 4 
may be used to select these time periods. For 
example, SAR data collected around middle June, 
after the first cut of hay, and again in late August, 
after the grains have been harvested, may allow 
for the maximum separability of these two cover 
types. 

Image texture was used extensively in the man- 
ual interpretation but was not included in the 
digital classification. This element of image inter- 
pretation is important in automatic classification of 
radar data and should be available for future 
analyses (Lowry et al., 1978). Alternate filtering 
and enhancement methods should be employed 
and evaluated, as well as the use of boundary algo- 
rithms and thresholding procedures, for digital 
analyses of SAR data. Although the state-of-the-art 
is not adequately developed for the operational 
use of SAR data in a C.I.S. as yet, future research 
may make this type of remotely sensed data an 
integral part of such an information system. 

An overall accuracy of 72.6 percent was achieved 
for the discrimination of woods, corn, roughland, 
hay-pasture, and grain fields on multi-date SAR 
imagery using manual interpretation methods. 
Woods, corn, and roughland were identified most 
accurately (2 89 percent) while hay-pasture and 
grain fields were consistently confused (= 50 per- 
cent). 
Image enhancement using the K-L transform im- 
proved the image appearance for digital classifi- 
cation procedures. Supervised classification 

yielded the best results although the lack of tex- 
tural measure resulted in increased class confu- 
sion compared to the manual interpretation. 
Hay-pasture and grain fields may be more accu- 
rately identified if the SAR imagery collection was 
timed with the crop calendar. The time period 
should be chosen to maximize the difference in 
the crops geometrical and dielectrical properties. 

The authors would like to thank Linda Lepage 
for typing the manuscript and Andy McLennan for 
figure preparation. Thanks are also due to Andrew 
Scott of DIPIX Systems Ltd. for training on the 
ARIES system and to the Pettawa National Forestry 
Institute for use of the computer system. This re- 
search was conducted under D.S.S. Contract No. 
08Su 01525-7-0198. 
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International Society for Photogrammetry and Remote Sensing 
Commission Ill: Mathematical Analysis of Data 

Working Group 111-4 

The co-chairman of Commission 111, WGIII-4 on "Mathematical Aspects of Image Registration, Recti- 
fication, and Enhancement" would like to remind participants and potential participants that there will 
be an Inter-Congress Symposium of Commission 111 at 

Helsinki University of Technology 
Otaniemi, Finland 

7-11 June 1982 

and to invite you to participate in WGIII-4 in this symposium. 
The co-chairmen are also tentatively considering holding a Working Group meeting in Denver during 

the 1982 ACSM-ASP Convention (14-20 March 1982). By that time, it is hoped that the WG Symposium 
Session(s) will be fairly well stabilized. 

If you plan to present a paper related to the WGIII-4 area at the symposium, please send the abstract 
a s  soon a s  possible (deadline for abstracts in Helsinki is 31 January 1982) to 

Prof. Dr. E. M. Mikhail Mr. Paul E. Anuta 
School of Civil Engineering Laboratory for Applications of 
Purdue University Remote Sensing 
West Lafayette, IN 47907 Purdue University 

1220 Potter Drive 
West Lafayette, IN 47906 

Information needed for making arrangements to attend the symposium can be obtained by writing to 

Mrs. Aino Savolainen 
Institute of Photogrammetry 
Helsinki University of Technology 
02150 Espoo 15 
Finland 


