
Homework 1

Johan Jensen

ABSTRACT

This homework has three parts.

1. Theoretical questions and computations related to digital representation of
numbers.

2. Analyzing digital elevation data from the San Francisco Bay Area. You will
applying histogram equalization to enhance the image.

3. Analyzing seismic reflection data. You will applying an amplitude gain
correction to enhance the image.

PREREQUISITES

Completing the computational part of this homework assignment requires

• Madagascar software environment available from
http://rsf.sourceforge.net

• LATEX environment with SEGTeX available from
http://segtex.sourceforge.net

To do the assignment on your personal computer, you need to install the required
environments. Please ask for help if you don’t know where to start.

The homework code is available from the Madagascar repository by running

svn co https://rsf.svn.sourceforge.net/svnroot/rsf/trunk/book/geo391

http://rsf.sourceforge.net
http://segtex.sourceforge.net
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DIGITAL REPRESENTATION OF NUMBERS

You can either write your answers on paper or edit them in the file hw1/paper.tex.
Please show all the mathematical derivations that you perform.

1. UT’s “burnt orange” color1 is expressed by code CC5500, where each pair of
symbols (CC, 55, and 00) refers to a hexadecimal (base 16) representation of the
red, green, and blue components. Convert these numbers to a decimal (base
10) representation.

2. The C program listed below, when compiled and run from the command line,
takes a string from the user and prints out the string characters. Modify the
program to output ASCII integer codes for each character in the string. What
is the ASCII code for the special new line character “\n”?

1 #include <s t d i o . h> /∗ f o r p r i n t f and scan f ∗/
2

3 int main (void )
4 {
5 char ∗s , s t r i n g [ 1 0 1 ] ;
6

7 p r i n t f ( ” Input a s t r i n g :\n” ) ;
8 s can f ( ”%100s ” , s t r i n g ) ;
9

10 /∗ l oop over charac t e r s ∗/
11 for ( s=s t r i n g ; ∗ s != ’ \0 ’ ; s++)
12 p r i n t f ( ”%c\n” ,∗ s ) ;
13 }

3. Write a program that prints out “little” if the computer is little-endian and
“big” if the computer is big-endian. Test it on your computer.

4. In the IEEE double-precision floating-point standard, 64 bits (binary digits) are
used to represent a real number: 1 bit for the sign, 11 bits for the exponent,
and 52 bits for the mantissa. A double-precision normalized non-zero number
x can be written in this standard as

x = ±(1.d1d2· · ·d52)2 × 2n−1023

with 1 ≤ n ≤ 2046, and 0 ≤ dk ≤ 1 for k = 1, 2, . . . , 52. What is the largest
number that can be expressed in this system?

1“The distinctive burnt orange color employed by The University of Texas at Austin plays a
major role in establishing our identity. Legend has it that the burnt orange color was chosen by
football coach Darrell Royal, who thought that it would help his players conceal the football when
they ran the triple option. This specific shade of orange, known as Texas Orange or Burnt Orange
was made official on June 17,1967, when Chancellor Harry Ransom made a recommendation to the
Board of Regents.” http://www.utexas.edu/visualguidelines/vg_colors.html

http://www.utexas.edu/visualguidelines/vg_colors.html
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HISTOGRAM EQUALIZATION

Figure 1: Digital elevation map of the San Francisco Bay Area.

Figure 1 shows a digital elevation map of the San Francisco Bay Area. Start by
reproducing this figure on your screen.

1. Change directory to geo391/hw1/bay

2. Run

scons bay.view

3. Examine the file byte.rsf which refers to the byte (unsigned character) num-
bers which get displayed on the screen.

(a) Open byte.rsf with a text editor to check its contents.

(b) Run

sfin byte.rsf
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to check the data size and format.

(c) Run

sfattr < byte,rsf

to check data attributes. What is the maximum and minimum value?
What is the mean value? For an explanation of different attributes, run
sfattr without input.

Each image has a certain distribution of values (a histogram). The histogram for
the San Francisco elevation map is shown in Figure 2. Notice the digitization artifacts.
When different values in a histogram are not uniformly distributed, the image can
have low contrast. One way of improving the contrast is histogram equalization.

Figure 2: Normalized histogram
(solid line) and cumulative his-
togram (dashed line) of the digital
elevation data.

Let f(x, y) be the original image. The equalized image will be F (x, y). Let h(f)
be the histogram (probability distribution) of the original image values. Let H(F )
be the histogram of the modified image. The mapping of probabilities suggests

H(F ) dF = h(f) df (1)

or, if we want the modified histogram to be uniform,

dF

df
= C h(f) (2)

where C is a constant. Solving equation 2, we obtain the mapping

F (f) = f0 + C

f∫
f0

h(φ) dφ , (3)

where f0 is the minimum value of f .

The algorithm of histogram equalization consists of the following three steps:
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1. Taking an input image f(x, y), compute its histogram h(f).

2. Compute the cumulative histogram F (f) according to equation (3). Choose an
appropriate C so that the range of F is the same as the range of f .

3. Map every pixel f(x, y) to the corresponding F (x, y).

Your task is:

1. Among the Madagascar programs, find a program that implements histogram
equalization. Hint: you may find the sfdoc utility useful.

2. Edit the SConstruct file to add histogram equalization. Create a new figure
and compare it with Figure 1.

3. Check the effect of equalization by recomputing the histogram in Figure 2 with
equalized data. Run

scons hist.view

to display the figure on your screen.‘

4. EXTRA CREDIT for implementing the histogram equalization algorithm
independently.

1 from r s f p r o j import ∗
2

3 # Download data
4 Fetch ( ’ bay . h ’ , ’ bay ’ )
5

6 # Window and taper
7 Flow ( ’ bay ’ , ’ bay . h ’ ,
8 ’ ’ ’
9 dd form=nat ive |

10 window f2=500 n2=1600 f1=50 n1=1050 |
11 r e v e r s e which=1 |
12 co s tape r nw1=50 nw2=50
13 ’ ’ ’ )
14

15 # Convert to by t e form
16 Flow ( ’ byte ’ , ’ bay ’ , ’ byte p c l i p =99.9 a l l p o s=y ’ )
17

18 # Disp lay
19 Result ( ’ bay ’ , ’ byte ’ ,
20 ’ ’ ’
21 grey crowd=0.85 t i t l e =”Elevat ion o f San Franc i sco Bay”
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22 ’ ’ ’ )
23

24 # Histogram
25 Flow ( ’ h i s t ’ , ’ byte ’ ,
26 ’ ’ ’
27 dd type=f l o a t |
28 histogram n1=256 o1=0 d1=1 |
29 dd type=f l o a t
30 ’ ’ ’ )
31 Plot ( ’ h i s t ’ ,
32 ’ graph l ab e l 1=Value l ab e l 2=Occurence t i t l e=Histogram ’ )
33

34 # Cumulative his togram
35 Flow ( ’cumu ’ , ’ h i s t ’ , ’ c au s in t ’ )
36

37 Result ( ’ h i s t ’ , ’ h i s t cumu ’ ,
38 ’ ’ ’
39 cat ax i s=2 ${SOURCES[ 1 ] } | s c a l e ax i s=1 |
40 graph l ab e l 1=Value l a b e l 2=”Normalized Occurence”
41 t i t l e=Histogram dash=0,1
42 ’ ’ ’ )
43

44 # ADD HISTOGRAM EQUALIZATION
45

46 End( )

TIME-POWER AMPLITUDE-GAIN CORRECTION

Raw seismic reflection data may come in the form of shot gathers S(x, t), where x is
the offset (horizontal distance from the receiver to the source) and t is recording time.
Raw data are inconvenient for analysis because of rapid amplitude decay of seismic
waves. The decay can be compensated by multiplying the data by a gain function.
A commonly used function is a power of time. The corrected gather is

Sα(x, t) = tα S(x, t) . (4)

The advantage of the time-power gain is its simplicity and the ability to reverse it by
multiplying the data by t−α. What value of α should one use? Jon Claerbout argues
in favor of α = 2: one factor of t comes from geometrical spreading and the other
from multiple scattering. Your task is to develop an algorithm for finding a better
value for each specific data set.

Figure 3 shows a seismic shot record before and after applying the time-power
gain (4) with α = 2. Start by reproducing this figure on your screen.
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Figure 3: Seismic shot record before and after time-power gain correction.

1. Change directory to geo391/hw1/tpow

2. Run

scons tpow.view

3. Edit the SConstruct file. Find where the value of α is specified in this file and
try changing it to a different value. Run scons tpow.view again to check the
result.

4. How should one measure if the distribution of amplitudes after the gain cor-
rection is uniform? Suggest a measure (an objective function) that would take
Sα(x, t) and produce one number that measures uniformity.

5. By modifying the program objective.c, compute your objective function for
different values of α and display it in a figure. Does the function have a unique
minimum or maximum?

1 #include < r s f . h>
2

3 int main ( int argc , char∗ argv [ ] )
4 {
5 int i t , nt , ix , nx , ia , na ;
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6 f loat ∗ t race , ∗ ofunc ;
7 f loat a , a0 , da , t , t0 , dt , s ;
8 s f f i l e in , out ;
9

10 /∗ i n i t i a l i z a t i o n ∗/
11 s f i n i t ( argc , argv ) ;
12 in = s f i n pu t ( ” in ” ) ;
13 out = s f ou tpu t ( ”out” ) ;
14

15 /∗ ge t t r ace parameters ∗/
16 i f ( ! s f h i s t i n t ( in , ”n1” ,&nt ) ) s f e r r o r ( ”Need n1=” ) ;
17 i f ( ! s f h i s t f l o a t ( in , ”d1” ,&dt ) ) dt =1. ;
18 i f ( ! s f h i s t f l o a t ( in , ”o1” ,&t0 ) ) t0 =0. ;
19

20 /∗ ge t number o f t r a c e s ∗/
21 nx = s f l e f t s i z e ( in , 1 ) ;
22

23 i f ( ! s f g e t i n t ( ”na” ,&na ) ) na=1;
24 /∗ number o f a lpha va l u e s ∗/
25 i f ( ! s f g e t f l o a t ( ”da” ,&da ) ) da=0. ;
26 /∗ increment in a lpha ∗/
27 i f ( ! s f g e t f l o a t ( ”a0” ,&a0 ) ) a0 =0. ;
28 /∗ f i r s t va lue o f a lpha ∗/
29

30 /∗ change output data dimensions ∗/
31 s f p u t i n t ( out , ”n1” , na ) ;
32 s f p u t i n t ( out , ”n2” , 1 ) ;
33 s f p u t f l o a t ( out , ”d1” , da ) ;
34 s f p u t f l o a t ( out , ”o1” , a0 ) ;
35

36 t r a c e = s f f l o a t a l l o c ( nt ) ;
37 ofunc = s f f l o a t a l l o c ( na ) ;
38

39 /∗ i n i t i a l i z e ∗/
40 for ( i a =0; i a < na ; i a++) {
41 ofunc [ i a ] = 0 . ;
42 }
43

44 /∗ l oop over t r a c e s ∗/
45 for ( i x =0; i x < nx ; ix++) {
46

47 /∗ read data ∗/
48 s f f l o a t r e a d ( trace , nt , in ) ;
49

50 /∗ l oop over a lpha ∗/



9

51 for ( i a =0; i a < na ; i a++) {
52 a = a0+ia ∗da ;
53

54 /∗ l oop over samples ∗/
55 for ( i t =0; i t < nt ; i t++) {
56 t = t0+i t ∗dt ;
57

58 /∗ app ly gain t ˆa ∗/
59 s = t ra c e [ i t ]∗ powf ( t , a ) ;
60

61 /∗ ! ! ! MODIFY THE NEXT LINE ! ! ! ∗/
62 ofunc [ i a ] += s∗ s ;
63 }
64 }
65 }
66

67 /∗ wr i t e output ∗/
68 s f f l o a t w r i t e ( ofunc , na , out ) ;
69

70 e x i t ( 0 ) ;
71 }

6. Suggest an algorithm for finding an optimal value of α by minimizing or maxi-
mizing the objective function.

7. EXTRA CREDIT for implementing the algorithm for an automatic estima-
tion of α and testing it on the shot gather from Figure 3.

1 from r s f p r o j import ∗
2

3 # Download data
4 Fetch ( ’wz . 2 5 .H ’ , ’wz ’ )
5

6 # Convert and window
7 Flow ( ’ data ’ , ’wz . 2 5 .H ’ ,
8 ’ ’ ’
9 dd form=nat ive | window min2=−2 max2=2 |

10 put l ab e l 1=Time l ab e l 2=Of f s e t un i t1=s uni t2=km
11 ’ ’ ’ )
12

13 # Disp lay
14 Plot ( ’ data ’ , ’ grey t i t l e =”(a ) Or i g i na l Data” ’ )
15 Plot ( ’ tpow ’ , ’ data ’ ,
16 ’ tpow tpow=2 | grey t i t l e =”(b) Time Power Correc t ion ” ’ )
17
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18 Result ( ’ tpow ’ , ’ data tpow ’ , ’ SideBySideAniso ’ )
19

20 # Compute o b j e c t i v e f unc t i on
21 prog = Program( ’ ob j e c t i v e . c ’ )
22 print prog
23 Flow ( ’ ofunc ’ , ’ data %s ’ % prog [ 0 ] ,
24 ’ . / ${SOURCES[ 1 ] } na=21 da=0.1 a0=1 ’ )
25

26 Result ( ’ ofunc ’ ,
27 ’ ’ ’
28 s c a l e ax i s=1 |
29 graph t i t l e =”Object ive Function”
30 l a b e l 1=alpha l ab e l 2= unit1= unit2=
31 ’ ’ ’ )
32

33 End( )

COMPLETING THE ASSIGNMENT

1. Change directory to geo391/hw1.

2. Edit the file paper.tex in your favorite editor and change the first line to have
your name instead of Jensen’s.

3. Run

sftour scons lock

and

scons pdf

4. Submit your result (file paper.pdf) on paper or by e-mail.


