
FIG. 1. (Left). Cast skins ofcorn aphid Rhopcdosi)~hum muidis and mycelium of 
sooty mold fungi overgrowing cast skins. Photomacrograph magnification x 20. 
FIG. 2. (Right). Cast skin appendage of corn aphid Rhopalosiphum maidis 
overgrown with sooty 11lold fungi. Photomacrograph magnification x 55. 
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Corn Aphid Infestation Computer 
Analyzed from Aerial Color-IR* 

An automatic computer analysis technique to determine 
aphid infestation levels in corn fields was developed utilizing 
photographic color separation and image enhancement 
procedures from infrared aerochrome photographs. 

INTRODUCTION graphed with aerial color-infrared film in 
1970, corn fields (zea  mays) nearing Harwich township near the city of Chatham Imaturity and with various levels of corn in southwestern Ontario3. Infestations were 

aphid infestations were successfully photo- detected at scales as small as 1:9600. This was 
possible because tassels and leaves heavily 
infested with corn aphid R h ~ ~ u l o s i p h u r n  

*Contribution No. 369, Ottawa ~eseal-ch Station, maidis Fitch., subsequently became covered 
Agriculture Canada, Ottawa, Onlario K1A OC6. with sooty rnold fiulgi, Altertltrr-icl tetltris and 
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Clodosporiunl herbarunz, (Figures 1-4). The 
infrared reflectance of these tassels was de- 
creased by the sooty n~old  fungi and was in 
sharp contrast to the high reflectance from 
adjacent healthy plants, thus indirectly indi- 
cating the presence ofthe aphids. Field infes- 
tation percentages were determined initially 
I)!. nsing a techniclue originally developed for 
the determination of field areas inftcted with 
I)iicterial l)light, employing interpretation, 
manna1 scril)ing, i ~ n d  photographic proce- 
dures for the final me;isurements on an IBM 
drum sci~nner'.~-% .;\ltliough this technique is 
quite satisfi~ctor!- f;)r the detern~ination of' 
heun I)liglit, aphid infestations in corn rep- 
resent much smaller areas on film and are 
tlifficult to trace m~lnnally with the same de- 
gree of nccunic?.. 

Health!. green plants reflect high levels of 
near or "photographic" infrared radiation 
(.7-.9 p m )  and some crops at maturity produce 
a complete canopy. However, with corn, be- 
came of spacing kind the height of the plants, 
shadows, which reflect little radiation, occur 

tation, represents the degree of infestation. 
This paper outlines and discusses an au- 

tomatic technique for the computer assess- 
ment of corn aphid infestation by comparing 
images ofhealthy andinfested corn afterprep- 
aration through a series of photographic and 
scanning procedures. 

To reduce the amount of information con- 
tained in the aerial photographs and translate 
the images into a mode suitable for meas- 
urement by computer, seven frames of 
9%-inch K ~ D A K  AEROCHROME Infrared Film 
2443 (ESTAR Base) processed as positives 
(scale of 1:3,600) which had recorded aphid 
infestation were selected (Plate 1, lower). 
From these, portions of 10 fields were chosen 
for scanning. For comparisons, eight frames 
were selected which had been exposed over 
healthy corn fields and from these, 11 scan- 
ner panels representative of the fields were 
obtained (Plate 1, upper). 

ABSTRACT: An automatic computer analysis technique to determine 
aphid infestation 1ez;els in corn fields was developed utilizing photo- 
graphic color separation and image enhancement procedures from 
infrared aerochrome photographs. Panels of healthy and infested 
corn fields were selected for enhancement whereby density ranges of 
the cyan layer were compressed to a high-contrast mode. Finally the 
panels were scanned and the information recorded on magnetic tape 
and computer analyzed. 

1)etween rows. To assess a stress condition in 
;I crop cal~setl I)? diseikse or insect infestation 
where a complete canopy does not exist, it is 
first necessary to remo\.e the efftct of the 
lion-reflecting areas, sr~cli as shatlows, con- 
tained in the image. 

Because those parts of infested rows are 
recorded on the aerial photographs as non- 
infrared reflecting, as are the shadow areas, it 
is first necessary in this method to determine 
the average shadow content ofhealthy fields. 
This can only be approximate, because such 
factors as plant age, row spacing (28 inches in 
this area), area coverage, nutrition, precise 
scale and cultural condition all contribute to 
differences from field to field. Nevertheless, 
the same conditions exist in fields that are 
infested. Infested plants increase the total 
dark or low-reflective areas recorded on the 
photographs. If the shadow area, measured 
from healthy fields, is subtracted from the 
total area of shadow image plus infested plant 
image, the difference, within the above limi- 

For the area nleasure~nent procedure2, the 
drum scanner can accept only a maximum 
density on a translucent white. Therefore, 
the continuous-tone color images of the 
A E R O C H R ~ V E  2443 require conversion to 
high-contrast black-and-white. This is ac- 
complished through a series of photographic 
printing steps each of which increases the 
contrast (reducing the density scale) until the 
final positive contains only areas of maximum 
and minimum density. 

Continuous-tone separation negatives 
were optically prepared from the images con- 
tained in these frames on K o ~ ~ ~ c o n t r a s t  Proc- 
ess Pan Film 4155 (ESTAR Thick Base) 
through K ~ D A K  WRATTEN Filters No. 47 (blue), 
58 (green) and 25 (red) for the  yellow, 
magenta and cyan layers, respectively (Fig- 
ure 5). This procedure produces a neg a t '  ~ v e  
aspect of the original with a deliberately 
compressed density scale, as 4155 is a high- 
contrast, continuous-tone, black-and-white 
film. The contrast of this material was further 



Plate 1. .Color reproductions from portions of KODAK AEROCHROME Infrared Film 
2443, 9.5" format, photographed at an original scale of 1:3,600. Upper: healthy corn 
field; lower: field infested with corn aphids. These are enlarged sections of duplicates 
from original exposures and are reproduced here at an approximate scale of 1: 1,200. 
The differences in scale between the two illustrations and consequently the area 
represented, is due either to a slight change in the original scale at the times of photo- 
graphy or to different row spacing at the time of planting. (National Air Photo Library, 
Ottawa; upper: A 30285-73, lower: A 30286-62). 
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FIG. 3. (Left). Corn plant heavily infested with corn aphid Rhopulosiphum 
maidis followed by invasion of sooty mold fungi. 
FIG. 4. (Right). Effect of infestation of corn aphid Rho)~ulos i~~kum muidis on 
corn seed set. 

ORIGINAL TRANSPARENCY 1/3600 

Aerochrome Infrared 2443 

SEPARATION I NEGATIVE I [ NEGATIVE ( 1 NEGATIVE 1 
Contrast Process Ponchrornotic 41 55 

INTERMEDIATE 

Controst Process Ortho 41 54 
I 

MAXIMUM CONTRAST 
NEGATIVE 1/1800 

Kodolith Ortho Type 3, 2556 

F I N A L  POSITIVE 
1 /I 800 

Proiection Print F i lm 4588 

FIG. 5. Progressive steps in the optical separation of original trans- 
parencies and subsequent enhancement. 



increased by processing in a moderately ac- 
tive developer similar to KODAK Developer 
D-11. A 21-step Stouffer step tablet was 
printed with all frames to insure that image 
alterations were known and within control 
limits. In the separation phase, above, the 21 
density gradations were reduced to 11. At this 
stage of the study only the degree of infrared 
reflectance was of interest, therefore, only 
the red separation negatives were used in 
subsequent steps. Intermediate positives 
were made from the red separation negatives 
by contact exposures onto KODAK Contrast 
Process Ortho Film 4154 (ESTAR Thick Base), 
which further reduced the density scale from 
the eleven steps on the Stouffer step tablet to 
only five (Table 1). 

Maximum contrast is achieved by  a further 
step which transposes the positive image on 
4154 to a negative on KODALITH Ortho Film 
2556, Type 3 (ESTAR Base). This produces a 
further reduction of the density variations 
contained in the intermediate positives. In 
other words, the grays are eliminated and 
those areas in the original scene that were 
high-infrared reflecting are translated into 

areas of maximum silver density, and areas of 
low-infrared reflectance become clear film. 

The scanner reads only lnaximum density 
areas on the film and analyzes bits with 
diameters greater than 0.004 inches. As 5ome 
of the areas of lnaxinlum density at the 
1:3,600 scale were sn~aller than 0.004 inches, 
the maximum density negatives were made 
on a photomechanical camera at a 2 x  en- 
largement (scale 1:1,800) that produced a 4 x  
increase in the area of the original panels 
selected. 

The final photographic step is to return the 
tonal relatioilships to those of the original 
transparency; that is, areas of maximum den- 
sity represent either shadows between rows 
or very low infrared reflectance from plants, 
and areas of n~inimum density represent 
areas of high-infrared reflectance. This is ac- 
conlplished by contact printing the Kodalith 
2556 negatives onto KODAK Projection Print 
Film 4588 ( E s ~ ~ ~ T h i c k  Base) (Figure 6). This 
final step provides an image suitable for 
evaluation by the drum scanner. 

Vignetting due to uneven exposure across 
the film plane from lens distortio~~s causes 

TABLE 1. TRANSMISSION DENSITIES SHOWING PROGRESSIVE REDUCTION OF 
THE TONAL SCALE FROM 11 STEPS ON THE STOUFFER GUIDE TO MAX- 
MUM CONTRAST IN FINAL NEGATIVES 

Stouffer Red High-contrast Maximum- 
step tablet separation intermediate contrast 
densities' negativesZ positives negatives 

Step Transmission densities 

'Exposed with origlnal transparency to produce red separation negatives as no 
readings available from onginal to determine actual density range. 

=Mean step densities from all separation negatives. If density for step number 10 
was within 0.10 of0.93, it was considered to be w ~ t h ~ n  acceptable range A density 
of 0.93 was arbitrarily selected as a "standard" for the study fields, rather than 
determining the range for the whole area of the 9 x 9-inch transparency. 

3Density differences between steps 9 and 13, indicating degree of compression 
of tonal ccale. 

'Specific Dm,, for Kodalith Ortho 2556. 



CORN APHIDS, COI>OR-IR AND A COMPUTER 

FIG. 6. Examples of final step in high-contrast enhancement procedure showing portions of panels 
in a format suitable for drum scanner counting. These are prints enlarged 2 x fro111 the original scale 
of 1:3,600 and represent (a) healthy corn, (11) moderately infested and (c) heavily infested. 
(N.A.P.L., numbers A 30285-63, A 30286-101 and A 30286-62 representatively.) 

Field No.* Total  crcreage Infested acreage % infestcrtion 

A 30286-100 17.9 10.1 56.4 
A 30286-75 22 9 12.2 53.0 
A 30286-100 18.3 11.0 59.8 
A 30286-107 5.4 2.7 50.2 
A 30286-113 16.7 3.3 19.9 
A 30286-119 9.2 6.3 68.7 
A 30286-119 10.8 7.4 68.8 
A 30286-121 18 5 8.4 45.6 
A 30286-121 27.6 15.4 55.9 
A 30286-124 24.9 14.1 56.8 

*The ahove numbel\ ~ n d ~ w t e  wht51e th r  port~nn* o f f~e ld*  .in.il) zed were lor.ited on the film accord~ng 
to the n o m e ~ ~ ~ l a t ~ r r c  of the N.lt~<~nal Aar Photo L ~ h r ~ r \ ,  Dr l~d l t~ l l e~ l t  of EIIFISV, \line\ and Resources, 615 
Booth Strret, 0tt.iw.1 Can.& 

problems ~ n i ~ n a g e  dssessmentl. In  th14 \tudy, areas. Consequently only those field5 that 
although the original tran\parenc~es were were photographed in the center ofthe frame 
adequate for v~sual  evaluat~on,  the r equ~red  and only those portions which were of even 
highel  contra5t o l ) t a ~ n e d  w ~ t h  each pro- densit), or that had btrlntlceci uneven den- 
cedural step res t~ic ted  the u \ a l ~ l e  p o ~ t l o n  sities, could b e  u\ed.  
within the frames to smallel and \mailer Some of the enhanced image5 produced 
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during this study (Figures 7-10) emphasized 
certain field conditions which were difficult 
to interpret. The causal fkctors of the condi- 
tions were determined from field inspections 
and interviews with the growers. 

COMPUTER ANALYSIS 

The physical format of the material meas- 
ured by the IBM drum scanner for total area, 
shadow area, and infestation as well as 
shadow area in corn fields, is a series of 
~ a n e l s  on Projection Print Film 4588. An all 
black panel, representative of the field under 
study, is used to ascertain field size in compu- 
ter bits. The high-contrast, image-enhanced 
panel, where maximum density represents 
the infested area as well as the shadow area, 
is siinilarly scanned. After the areas are de- 
termined for this panel, it is necessary to re- 
move that area represented by shadow. This 
was accomplished by preparing and scanning 
11 fields of corn plants free from infestation 
or disease. 

The ratio of shadow bits to total area bits for 
the 11 fields was 0.2413, which represents 
the fraction of shadow area normally present 
in a healthy corn field. The number of bits 
were converted to square inches by dividing 
by 62,500; i.e., the number of bits in 1 square 
inch of totally black scanned area. The 
amount of shadow area in a given infested 
field is determined hy multiplying the size of 
the field in square inches by the ratio 0.2413, 
determined above. 

The area of infestation in a field may then 
be represented Ily the equation: 

where I ,  is the area of infestation in square 
inches of the field image under study; IS is 
the area due to infestation as well as shadow 
area i11 square inches ofthe field image; andS 
determines the shadow area from the for- 
mula: S = TA x 0.2413 where TA is the total 
area of the field in square inches. 

I,, (infestation area) can be converted to 
acres if the photographic scale is known; at a 
scale of 1:1,800, 1 square inch on the photo- 
graphs represents 0.5165 acres. 

Infestation levels in the 10 selected fields 
(or portions of them), that were analyzed, var- 
ied from 10 to over 68 percent (Table 2). 
These levels were much higher than the av- 
erage infestation levels that occurred in corn 
crops in the Chatham, Ontario, area; this may 
be because only portions of fields were 

FIG. 7. Corn field showing moderate infestation 
level of aphid (upper) and high infestation (lower 
portion). Scale 1:1,800. Banding is caused by 
seeding practice where six rows of high infesta- 
tion variety was sown followed by two rows of 
n~oderately infested type variety. This figure and 
those which follow are positive prints from red 
separation negatives exposed on Contrast Proc- 
ess Panchromatic 4155 from the original Aero- 
chrome 2443. That is, they are prints from the first 
generation negatives used to produce the 2 x  
high contrast enlargements on Kodalith Ortho 
2556, (see text). (N.A.P.L., A 30286-107.) 

selected, to give as much differentiation as 
possible between healthy and infested fields. 

Direct comparison with the results that 
were obtained by the inanual tracing  neth hod 
followed by ~ ~ L I I I I  scanning technique3 is not 
possible because only portions offields were 
used in the present technique whereas com- 
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FIG. 8. Portion of hybrid corn seed field showing repeatetl series of six rows 
of detasseled fernale plants with two rows of complete ~nule plants, i.e., not 
detasseled. In the photographs, which are an approximate scale of 1: 1,800, 
this condition appears reversed as the ~nale plants appear to Ile detasseled. 
The reason for this misinterpretation is due to a difference in height, as the 
male plants are three feet shorter than the female plants. (N.A.P.L., A 
30286-113.) 

plete fields were used in the former tech- 
nique. However, the highest level ofinfesta- 
tion found with the earlier method, 64 per- 
cent, compares favorably with the 68 percent 
obtained by this procedure. 

An advantage of the computer analysis 
image enhancenlent techniclue is the all- 
sence of manual operation and consequent 
h u m a n  error.  However ,  I~ec; luse  s n ~ a l l  
changes in exposure or processing will 
change the range of cornpressed detlsities 
and may alter the size of'the Dm,, areas (areas 
of shadow or infestation), each photographic 
step requires accurate control to insure re- 
producil)ility of results. Therefi~re, all panels 
must be  given identical treatnlent. The  con- 
sistency of this procedure depends on the 
quality of the original photographs hecause 
the levels of caulera exposure will dictate the 
range of densities extracted from them. Con- 
sequently, photographs intentled for com- 
parison must be  made on the same day and, as 
nearly as possible, at the same solar a l t i t ~ ~ d e .  

Although the model used to develop this 
technique is ideal, because of'the sharp toll- 

trast between the sooty-mold low-reflectance 
areas that follow aphid infestation a n d  tlie 
high reflectivity of healthy corn plants (Fig- 
ure 7), the technique should have application 

for other insect, disease and stress situwtions 
that produce extremely low reflecting condi- 
t i o ~ ~ s .  

This technique may have direct applica- 
tion for inspection purposes in ~nonitoring 
detasseling practices (Figure 8) to determine 
if detasseling has I x e n  cotnpleted. Similarly 
the I~anding produced lly the tlifkrential re- 
flectance of interplantetl hyl~r id  corn var- 
ieties (Figure 7) may be  of value in monitor- 
ing hybrid seed platlting practices. 

F u r t h e r  work wil l  explore  d i rec t  
positive-to-positive methot1 using a high- 
contrast, panchromatic, photomechancial 
camera material which should eliminate a 
n u ~ n b e r  of steps in the present technique. 

Row spacing within the corn fields was 28 
inches and this is the general practice within 
the area under study. However, a few fields 
were noted where greater spacing occurred. 
In  order to assess these fields or other fields 
with different row spaci~lg, correct values 
would have to be  tletemlined for the average 
shadow areas i n  healthy fields. Furthermore, 
slight scale deviations were detected in the 
original transparencies from the nominal 
1:3,600. Actual scales r~unged f i o ~ n  1:3,492 to 
1:3,639, as determined by ground measure- 
ments ( 1  to :3 perce~lt  \.;lriance from 1:3,600 
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FIG. 9. Portion of cornmercial corn field showing 
patterns of aphid infestation. Severe infestation 
pattern on right is caused 11y low area in field 
where larger populations of aphids congregated. 
Scale: 1:3,600. (N.A.P.L.,  A 30286-121.) 

and, although these were within acceptal~le 
limits, precise assessments would require 
accommodation of the errors. 
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