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Abstract features is preferred while scenery which

. . obstructs the view of the forest with lot of
The United State_s Forestry _Serwcg (USFS)foIiage and bushes is not considered as
wishes to determine the scenic quality of thescenic.and images which doesn't obstruct the

Images to_ preserve recreation and aeSthet\'ﬁew are preferred as compared to the ones with
resources in forest management. They want t

: . fhore foliage and bushes. The evaluation is
determlne_a pre(_jeflned pat.tern to cut the tree erformed by running the program through the
S0 as to still retain the scenic beauty even afte -
: . ~images in the database.
cutting the forest by timber loggers. The scenic
beauty will be determined on a scale from “0” .
to“1”. We have in our database 679 unique PPM 1. Introduction
images of different vegetations taken during allWe attempted to develop an algorithm to
the seasons of the year. Each of the image is afetermine the scenic quality of the image on a
4.7 Mb. We have the subjective ratings availablescale from “0” to “1”. The importance of forest
for all the images. These ratings are taken byecreation and landscape scenic quality is being
showing each of the images to different groupgecognized and thus efforts are made to preserve
of people and then converting them to athe scenic quality of the image.The statistical
standardized scores by using Scenic Beautinodels suggest that the density and sawtimber-
Rating. We attempt to develop a systematicsized trees and the proportion and visual
approach to determine the scenic quality angbenetration are positively associated with scenic
correlate them to the subjective ratingsbeauty whilefoliage, twig, small stem screening
available. Some of the parameters to beand the density of small-diameters tree are
considered are color, size of the trees etc. Theegatively associated with scenic beauty.
effect of the color can be determined by doingHistogram analysis and edge detection methods
histogram analysis of the image. The effect ofwere used to analyses the parameters such as
the size of the trees can be studied by doing edgeolor and the size of the trees in the image. The
detection and computing the number of verticalresults from the subjective ratings showed that
lines in the image. Forest scenery that isscenic beauty increases with the level of the
undisturbed and having variety of naturalhardwood retention and the summer, fall and
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spring views were preferred over those taken4. 4 Base, size 1024 x 1536 pixels

during winter. Effort was made to correlate the

output of the algorithm with the subjective 5. 16 Base, size 2048 x 3072 pixels

ratings. We have the database with 679 unique

images. The database has the scenic beautjhe format of the PPM images is described
rating for each of the image. Scenic beautybelow:

rating is a scaling procedure used to correlate
the ratings from different groups of sessions.

Baseline slides are used as reference for all the

rating sessions.
2.PPM Images

The images given by the forestry department
were in Kodak PhotoCD(PCD) format. The
PCD format is a proprietary format and it
could not be viewed with the imagetools
available hence it was required to convert it
into more familiar formats such as gif or
ppm.We chose PPM format for this purpose.
The PCD images were converted into PPM
format through public domain software
“hpcdtoppm” available in the net. This
software tool is used to convert pcd files to
ppm files. hpcdtoppm stands for “Hadmuts pcd
to ppm” The software is available at the URL
“http://www.boutell.com/Ism/Ismbyid.cgi/
000746. This software also needs some
netpbm utilities which are also available as
public domain utilities. The netpbm utilities
can be downloaded from the ftp site dtg://
ftp.cs.ubc.calftp/archive/netpbn¥arious
resolutions of the ppm files can be obtained.

Basically Base/16, Base/4, Base,4Base and 16
Base are available. We have taken the 4 Base

option for our requirement.Any of the

resolution can be obtained by adjusting the
options while executing the “hpcdtoppm”

software. The resolution of each of these
options is given below.

1. Base/16, size 128 x 192 pixels

2. Base/4, size 256 x 384 pixels

3. Base, size 512 x 768 pixels
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A “magic number” for identifying
the file type. A PPM file magic
number is the character stril$. It
should be the first line of the PPM
file.

Whitespacecharacterssuchasblanks,
TABs, carriage returns (CR), line
feeds (LF) etc.

The image width in number of
pixels, formatted as ASCII
characters in decimal.

Whitespace characters.

The height again in number of
pixels, formatted as ASCII
characters in decimal.

Whitespace characters.

The maximum color value which
each of the colors in the pixels can
have. This value is again in ASCII
decimal. The maximum value
which it can have is 255.

Whitespace characters.

Width x height pixels, each three
ASCII decimal values having value
between 0 and the specified
maximum color value which it can
take, starting at the top-left corner
pixmap, proceeding in normal
English reading order. The three
values for each pixel represent red,
green, and blue, respectively. A
value of 0 means that the color is
off, and the maximum value means
that the color is at saturation level.

Comments are also allowed in the
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ppm file and they are indicated by ratings that summer and spring are preferred
the character “#”. Any line starting over winter. This is based on the fact that people
with the character “#” to the next prefer green and blue color as compared to red
end-of-line are ignored. and yellow which comes from the inclination of

+  There is also a restriction that the ~ pec.)ple.towards natural colors.
line should not be longer than 70  Eachpixelin PPMis represented by three bytes
characters. one byte for each of the color of red. green and
blue. Algorithm was developed to compute the
Various resolutions of the ppm files can beMean of each of the three fundamental colors in

obtained. Basically Base/16, Base/4, Baselheimageandtocorrelate the mean ofthe colors
4Base and 16 Base are available. We havto the scenic beauty of the image. For construct-
taken the 4 Base option for our requirement.ing the histogram the image is scanned in a sin-

The resolution of each of these options is giverf!€ Pass and a running count of the number of
pixels found at each intensity value is kept.

below. . '
Some of the factors of the image like the natu-
1. Base/16, size 128 x 192 pixels ralness of the image can be determined from the
color as coloris an aid in distinguishing between
2. Basel4, size 256 x 384 pixels what is “natural” and what is “built in”. In par-

ticular, a natural setting’s continuous gradation
in color is often very different from the sharper

3. Base, size 512 x 768 pixels , P ;
contrasts that are found in the built-in environ-

4. 4 Base, size 1024 x 1536 pixels ment. Graph is drawn for the variation of the
’ number of pixels for each value of the color from
5. 16 Base, size 2048 x 3072 pixels “0” to the maximum value of color in the image.

Any of the resolution can be obtained by 4. Edge Detection Overview
adjusting the options while executing theEdge detection is an important part in image

hpcdtoppm software. analysis. Edges characterize object boundaries
_ _ and are therefore useful for segmentation and
3. Histogram Analysis identification of objects in scenes. Edge is

Coloris one of the noticeable features ofaforesfjle."fIneOI as the .bo.undary betweef‘ two regions
with relatively distinct gray-level discontinuity

environment. It is affected by the temporal nd the abrupt transition between two regions
rhythm of seasons. Color variation by season i€ bt . d
can be determined on the basis of gray-level

one of the most notable changes in forest vege=

tation. Summer, Fall and Spring views aredlsc.:onpnu!ty. The magnitude of the first
derivative is used to detect the presence of an

judged as significantly more scenic than winter L . :
views. The preference is related to seasonal co dge and. bk Of th? edge is determined
y the sign of the derivative. Thus the two

or patterns.As human preferences vary with COITmportant properties for establishing similarity

or change, change of seasonis animportant fad” .
tor in determining the quality of an image. of edge pixels are the strength and the response

ofthe gradient operator used to produce the edge
Our approach was to extract the mean of eaCBier and the direction of the gradient.

of the color in the image. Color has a major ef-
fect in determining the scenic quality of the im-
age. The variation of seasons changes the colof
intheimage. Itwas observed from the subjective

Our approach was to extract the number of long
rees in the image. We believed that computing
Re number of vertical lines in the image would
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indicate the presence of the long trees and alsfirst applies the masks in the horizontal and the
the approximate length of the tree. We used th&ertical direction to retrieve the horizontal and
algorithm of canny-edge detector to computevertical edges. These edges are then connected
edge detection. together to obtain the horizontal and vertical

The input to the canny edge detector is a PGMineS. A threshold Va..lue |S used both for the
image hence we converted the PPM image ténagnitude and the orientation to detect an edge.
PGM image. The header of the PGM image isT heimage after the edge detection contains only

similar to the PPM file except for the magic two color levels. The block diagram of the edge
number which is “P5” and there are width x detectionis shown below. Two masks which can

height pixels each of 8 bytes representing the

gray value. Edge detection was done to properly Input gray scale
detect the edges and then thresholding them image
through athresholding tracker to obtain both the

horizontal and vertical lines. Algorithm was *

written to calculate the number of vertical lines
after edge detection. By this way both the i
smaller as well as longer vertical lines are Gaussian
obtained. Hence to get the number of longer smoothing
lines athreshold was considered to eliminate the
shorter lines which correspond to foliage or
small bushes in the image. ¢ ¢

4.1Conversion of PPM image to PGM im-

age

The first step of edge detection was to convert
the PPM color image to the gray scale PGM
image. This was done by applying the following

matrix to each of the pixel of the PPM image. ¢ ¢

didy d/dx

Gradient form

Y| |0.299 0.587 0.114/R . q

_ 22) ndf, odf
| 0.596-0.275-0.321 |G| ( Caxd  Cayd
Q  |0.212-0.5230.311]|B

The “Y” value in the above matrix represents l

the “luminance” or brightness of each pixel. The Non Maximal
“RGB” represents the red, green and blue Suppression
intensity of each pixel for the PPM image. Each

pixel in the PPM file is read converted it into a

gray scale value using the above relation and Output image
was written into the PGM file.

4.2Doing edge detection

The canny-edge detector was used to perforrhe used for the detection of edges in the
the edge detection on the gray scale image. orizontal and vertical direction are shown

MS State DSP Conference Fall'96



Image Processing Group: Scenic Beauty Estimation Page 36

below. The mask matrix as well as the imageThe angle gradient is given by the relation
matrix ar given

a(x,y) = tan‘lD(i(D The masks are moved

111213 W1 W2 W3 G |
141516 W4 W5 W6 through the entire image and the gradient for

magnitude and orientation are obtained. We
171819 W7 W8 W9 experimented the algorithm with various
threshold values and it has been found to give a

Where | is the image matrix and W is the maskgood edge detection at a threshold value of 120
matrix. The responses in the x and y directionfor the orientation.

can be obtained by applying the respective

matrix. The mask matrix for the response in the 5. Vertical lines
x direction is given by the matrix [1] and the
mask matrix for the response in the y direction
is given by the matrix [2]. Gx and Gy, the

The output of the canny edge detection
algorithm is a combination of vertical as well as

gradients in the respective directions ardhorizontal lines _smoothened representing line
calculated by the formulas shown below and the€dments. Algorithm was developed to compute
resultant gradient can be computed by thdhe numb_er of_vertlcal lines. The total number
of the vertical lines and the length of each of the
relation /G 2+G 2_ The mask for Iir_1e was compqted.As the length ofthelines-is
X y directly proportional to the length of the trees in
calculatingGX is given by the image they are useful in determining the
number of tall trees and the short bushes.

1-2-1 Apparently tall trees have a positive effect on
[1] the scenic quality whereas the small bushes have
0 0O negative effect. In calculating the length of the
1 2 1 vertical lines care was taken of the deviation of
the tree from the vertical by considering certain
amount of deviation in the horizontal direction
and the mask for calculatinGg is given by also. Also there might be a discontinuity in the
y length of the tree due to the presence of some
obstacle before it. Care was taken for this also
by giving a tolerance limit of about 5 pixels in
-10 the vertical direction.

20

10 6. Computing the scenic beau-
ty

We had to obtain a relation for the scenic beauty

The G, ande are given by the equations:from the analysis of the histogram and the edge
detection. This has to be done so as to correlate
the scenic beauty with the actual mean value of

Gy = (W, +2Wg+Wy) + (W, +2W, +W;  the rating available from the forestry
department. The mean of each of the color in

. the image was obtained from the histogram

Gy = (W3 +2Wg+Wy) + (W +2W, + W7, gnalysis and the number of vertical lines in the

image was obtained from the edge detection.
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The mean of each of the color has beerl to 10. “1” indicating less scenic and “10” in-
normalized inorder to get an exact percentagdicating the most scenicimage. These scores are
ofthe colorin each ofthe image. The percentagéhen converted into standard ratings using Sce-
of the long lines as well as the percentage of thaic Beauty Rating technique.

shortlines inrelation to the total number of ”neSRating scales offer an efficient and widely used
were computed. The facts that green color angheans of recording judgements about many
tall trees has a positive impact on the scenikinds of images. Scenic Beauty Estima-
beauty and the red color and the short bushegon(SBE) is one of the scaling procedure used.
has a negative impact on the scenic beauty i$he main reason for the scaling procedures are
used for computing the weights of different that people will use the rating scale differently
parameters to be used for determining the scenigom one to another in the process of recording
beauty. their perceptions of the images presented for as-
sessment.

7. Evaluation Scaling procedures are effective for adjusting
The relation which we have developed bysome of these differences. All the information
observing the dependency of the variougegarding theimages such as the block number,
parameters on the actual scenic rating was usegelot number, SBE rating, angle and the time at
for evaluating the scenic beauty on some othewhich it is taken is included in the ppm file as
images in the database.We have taken about Zmments. There are 4 blocks and 5 plots per
images from the database and tried to adjust thielock.The distribution of the plots in the blocks
weights of various parameters. After deriving aand the number ofimages is given in the follow-
relation we implemented the relation on anotheing tables.
30images. Though there was deviation from the
actual scenic value they seem to be varying with
the same proportion for all the images. We

Directory b01 (block 1)

evaluated the program on plots 1 and 3 of block Sub Directory Number of Images
1. We provide the results for all the images in
. . po01 32
plot 3 and some images in plot 1.
p002 32
8. Database p003 0
An important aspect is the availability of exten- p004 39
sive well organized database of the forestry im-
ages. These images are the pictures taken of the po20 32

Ouachita forest in the Winona range. We have
in our database 680 unique images. These are -
the images taken of four blocks in the range with Directory b02 (block 2)

each block having five plots. Each of the image Sub Directory Number of Images
is taken during all the seasons of the year and

also with different angles so as to see the effect p00S 40
of the season. p006 32
Thgre are also subjective; scenic beauty rati.ngs p007 32
available for each of the images. These subjec-

p008 32

tive ratings were obtained by showing the im-
ages to people from different walks of life and p019 32
asking them to rate the images on a scale from
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Directory b03 (block 3)
Sub Directory Number of Images Number | Red mear| Green Blue
ofthe im- mean mean
p009 32 age
010 32
P 1 55 62 30
p011 32
2 83 85 69
p012 32
0018 40 3 45 65 36
4 85 97 75
Directory b04 (block 4) 5 33 49 16
Sub Directory Number of Images 6 37 52 24
po13 32 7 52 57 29
p014 32
8 80 84 70
p015 40
0016 3 9 37 54 31
p017 32 10 81 91 63
11 27 30 15
There are 32 images of each plot. This relatiof 12 78 91 69
comes as there are 4 angles per plot and the pi
tureistaken4timesinayear, we have 16imageg 13 52 62 23
of the same plot per year. As in the database
have the images for 2 years there are 32 image 14 e 40 15
for each plot. Some of the plots have 40imagey 15 64 77 36
These additional images are the baseline slid
which are used as reference. 16 66 72 54
17 4 2 27
9. Results ° >
This section contains charts and graphs of th 18 55 61 59
various programs run on the images. Fo 19 38 53 17
convenience sake we are including only th
images from plots 3 and 1 in the website. Thg 20 29 43 16
mean values of the color provided in the
following chart are given in the same order ag 21 47 56 20
the images in the corresponding plots. We hav 22 43 52 22
taken the readings for 32 images from the plo
1 and the firstten images in the plot 3. Sincethqg 23 59 69 30
image names are long we have not include
them here.We will just indicate them by 24 56 62 51
numbers. 25 75 82 40
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Number| Red mear, Green Blue Number of | percent of | percent of
of the mean mean the image | longlines | short lines
image
26 69 73 59 1 251 70.34
27 70 84 49 2 0.94 80.56
28 94 105 75 3 3.45 68.45
29 64 73 33 4 2.47 76.10
30 64 72 60 5 1.19 90.41
31 67 83 49 6 3.24 73.89
32 96 108 78 7 5.42 64.88
33 58 65 32 8 2.04 79.84
34 64 68 56 9 3.72 67.64
35 57 72 44 10 1.56 76.14
36 97 108 84 11 3.98 66.77
37 42 52 21 12 3.47 69.21
38 43 50 22 13 .0.88 82.04
39 71 79 43 14 2.12 74.21
40 58 62 o1 15 2.95 68.72
41 66 72 36 16 3.08 72.24
42 85 79 63 17 3.75 70.34
42 46 62 36 18 0.84 81.12
43 87 99 66 19 0.52 83.30
44 45 57 18 20 2.10 74.34
45 41 53 19 21 2.70 78.88
46 71 79 33 22 2.21 72.02
47 87 83 66 23 251 71.13
48 89 84 69 24 4.99 68.42
49 57 64 33 25 4.30 66.81
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Number of | percent of | percent of
the image | long lines | short lines
26 2.78 78.39
27 4.43 67.57
28 2.17 71.71
29 2.50 74.30
30 3.56 69.98
31 4.36 65.62
32 2.29 73.66
33 2.95 70.72
34 1.41 77.89
35 3.31 68.18
36 2.67 73.08
37 1.97 77.13
38 2.45 72.03
39 2.46 72.57
40 2.03 77.37
41 2.74 72.93
42 2.34 74.79
43 3.05 70.30
44 1.10 77.98
45 1.42 77.13
46 2.57 69.58
47 2.69 68.00
48 2.28 75.70
49 3.24 71.04
50 1.96 76.23
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Number of Derived Actual
the image SBE SBE(mean)

1 0.42 4.68

2 0.33 4.64

3 0.50 6.59

4 0.37 4.27

5 0.56 7.25

6 0.51 7.58

7 0.40 4.15

8 0.33 3.94

9 0.49 6.35

10 0.38 7.21

11 0.41 4.58

12 0.33 3.76

13 0.46 6.41

14 0.48 6.00

15 0.45 5.19

16 0.36 4.81

17 0.41 3.22

18 0.33 2.63

19 0.54 6.17

20 0.55 6.73

21 0.46 6.95

22 0.46 6.38

23 0.44 5.49

24 0.35 6.02

25 0.41 4.47
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Number of Derived Actual
the image SBE SBE(mean)
26 0.34 4.15
27 0.43 4.75
28 0.38 4.13
29 0.43 5.72
30 0.36 5.00
31 0.44 5.00
32 0.38 4.41
33 0.42 5.25
34 0.34 4.15
35 0.44 5.74
36 0.36 5.24
37 0.47 6.65
38 0.44 6.61
39 0.40 5.85
40 0.34 6.04
41 0.47 4.37
42 0.35 4.47
43 0.54 4.80
44 0.46 4.65
45 0.57 6.09
46 0.57 5.94
47 0.50 4.76
48 0.36 3.60
49 0.50 5.16
50 0.48 5.05
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The plots for the first five of the images in the

table are given below. The first plot is the histo-
gram plot which shows the number of pixels

present in the image of each value of the color
from zero to the maximum value of color in the

image. The other plot shows the number of lines
for each length of the line. The length of the line

is on the X-axis and the number of lines with

such length is on the Y-axis.

10. Future Work

10.1 Evaluating Scenic Beauty

The evaluation of scenic beauty has been done
by only observing the various parameters com-
puted and figuring out a relation between the
actual scenic beauty and these parameters. The
parameters are the mean value of the colors and
the percentage of the vertical lines in the image.
A better and efficient method would be to use
the neural network as decision box. The param-
eters should be given as the input and the neural
network should be trained with a fair amount of
database to output the actual scenic beauty. It
canthen be usedtotestonthe remainingimages.

Also some other parameters like texture of the

ground and frequency characteristics can be
used to determine the scenic beauty. The effect
of these parameters can be determined using
various image analysis methods and their effect
on the scenic beauty should be evaluated.The
determination of more parameters helps in the

effective determination of the scenic beauty and

a better correlation to the actual scenic value.
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Appendix A: Images Tested:

Red mean =55
Green mean = 62
Blue mean = 30

% long lines = 2.51
% short lines = 70.34
SBE =0.42

Gray scale image

Edge detected image
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Plots showing the number of pixels of each color and the number of vertical lines
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Red mean = 83
Green mean = 85
Blue mean = 69

% long lines = 0.94
% short lines = 80.56
SBE =0.33

Gray scale image

Edge detected image
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Plots showing the number of pixels of each color and the number of vertical lines

|'|II:I|I|1

rshmr 11 Frxala

"R

Fard Hamn ILI
Frererc Hamn B
Minw Hamn 141

wann

1200

[ T Mosbes UL Lipcls

B

loldl Line Mesher = JE3E

T Tl n b HY [l 14 1y HIN Inn [F1E] bk in:

Tavht 1t 11vam

MS State DSP Conference Fall'96




Image Processing Group: Scenic Beauty Estimation Page 47

Red mean =45
Green mean =65
Blue mean = 36

% long lines = 3.45
% short lines = 68.45
SBE =0.50

Gray scale image

Edge detected image
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Plots showing the number of pixels of each color and the number of vertical lines
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Red mean = 85
Green mean = 97
Blue mean = 16

% long lines = 2.47
% short lines = 76.10
SBE =0.37

Gray scale image

Edge detected image
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Plots showing the number of pixels of each color and the number of vertical lines
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Red mean = 37
Green mean = 52
Blue mean = 24

% long lines = 3.24
% short lines = 73.89
SBE = 0.56

Gray scale image

Edge detected image
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plots showing the number of pixels of each color and the number of vertical lines
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