THE HONG KONG UNIVERSITY OF SCIENCE AND TECHNOLOGY

COMP343
Fundamentals of Multimedia Computing

Spring 2000

Final Examination

Tuesday, 23 May 2000
12:30 - 1:40pm (1 hour 10 minutes)

Thisisversion 1 of the exam.

Ingtructions
This is a closed-book, closed-notes examination
Simple calculators are permitted; PDAs and computers are not
Question 1 identifies which exam version you are using
Questions 2-11 have 2 marks each, and questions 12-27 have 5 marks each
The last page has been printed in colour.
Answer all the questions on the multiple choice answer sheet, which you need
to return for marking
Clearly write your name, student number and lab section on the answer sheet,

and mark the digits of your student id on the sheet
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Question 1
What version of the exam are you using? This is written on the front.

ad Versonl
b) Version 2

[ 2 marks each for Questions 2 — 11. Some questions have three possible
answer s, and some questions have two possible answers. ]

Question 2 Which one of the following would require the least processing?
a) The negation of a 100* 100, 8 bit CLUT image

b) The negation of a 20* 20, 24 bits per pixel RGB image
c) Applying blur over all pixelsin a80*80, 24 bits per pixel RGB image

Question 4 One of the following two recordings has more quantisation error
(on average) than the other one, otherwise it is the same.

Which one has the biggest level of quantisation error?

2

, £
y

Question 5 Which one of the following recordings has the most sine waves of
different frequencies? (Both recordings last for the same length of time).
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Question 6 Someone is thinking of different ways to write a program to creste
a single summary image that represents a video sequence. Which one of the
following would be least hdpful?

a)
1 N-1MN-1
C(x+k,v+D)—R(x+i+k, v+ j+1

NH:(,;‘( y+1) = R( y+j+D
b)

If (this _byte & OxOF == 0x06)

[Thisis C code]
c)

M
Z (This(j) —That(j,r))’
j=l

Question 7 A program loads a soundfile into memory. It then makes a new
soundfile using the following procedure:

output sample X;

output sample X1
completely ignore sample X
I=i+3

then repeat (back to the top)

This pattern continues until al samples in the input soundfile have been
processed.

If the original soundfile was arecording of a 600Hz triangle wave, the output
soundfile will be a 200Hz triangle wave. True or false?

a True
b) False
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Question 8 Which one of the following kernels would appear to create the
most obvious edge effect?

)
19 <19 -1/9
/9 [+17/9 | -1/9
19 <19 -1/9
b)
0 -1 0
-1 4 -1
0 -1 0

Question 9 An RGB colour cube is created with each axis having arange
from0Oto 1. A CMY colour cube is created with each axis aso having arange
from O to 1. The colour at point (0.5,0.5,0.5) will be the same for both. True or
fase?

a) True
b) False

Question 10 Here are three formats. Two of them have avery smilar
approach. In contrast, the other one can handle many extra techniques — which
oneisthis?

8 MPEG 1

b) MPEG 2
c) MPEG 4
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Question 11 Someone is starting to write a program to help work out what
format an input fileis. To do this, the program takes the first 16 bytes of the
file. Then, for each byte,

If the byte is not within the range of ASCII printable characters, the byteis
ignored (nothing printed).
if the byte is within the range of ASCI| printable characters, it is printed.
The program is run and the following message is printed.
. sndV$
What format is the file?
a WAV

b) AU
c) PPM

[ 5 marks each for Questions 12 — 27. All questions have five possible
answers. |

Q13)
Hereis a 24 hits per pixel image. Black lines are used only to indicate the

individua pixels for the sake of the exam - those lines are not actually visible
in the image and would not get stored, etc. Assume that all pixels are identical
and have alevd of gray which is haf that of white.

Theimageissaved in ppm ‘P3’ format using the filename gray_p3.ppm, and in
ppm ‘P6’ format, using the filename gray p6.ppm. The file sizes can then be
compared.

In terms of the file size, what percentage of gray p3.ppm isgray p6.ppm? For

example, if you think gray p6.ppm is 10kB and gray p3.ppm is 100kB, your
answer would be 10%.
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To help you answer this question, the output from ‘man ppm’ is shown below.
Assume that the minimum amount of whitespace is used. Possible answers are
shown later.

NAME
ppm - portable pixmap file fornmat

DESCRI PTI ON
The portable pixmap format is a |owest conmon denomni nator
color inmage file format. The definition is as foll ows:

- A"magic nunber" for identifying the file type. A ppm
file's magi c nunber is the two characters "P3".

- Whitespace (bl anks, TABs, CRs, LFs).

- Awidth, formatted as ASCI| characters in decinal

- Wit espace.

- A height, again in ASCI| decimal.

- Wi t espace.

- The maxi mum col or - conponent val ue, again in ASCI| decimal.

- Wit espace.

- Wdth * height pixels, each three ASCI| decinmal values
between 0 and the specified maxi num val ue, starting at the
top-left corner of the pixmap, proceeding in norma
English reading order. The three values for each pixe
represent red, green, and blue, respectively; a value of O
means that color is off, and the maxi mum val ue neans that

color is maxxed out.

- Characters froma "#" to the next end-of-line are ignored
(comrent s).

- No line should be | onger than 70 characters.

Here is an exanple of a small pixmap in this fornmat

P3

# feep. ppm

4 4

15
0O 0 O 0O 0 O 0O 0 O 15 0 15
0 0 O 0 15 7 0 0 O 0O 0 O
0O 0 O 0O 0 O 015 7 0O 0 O
15 0 15 0O 0 O 0O 0 O 0O 0 O

Programs that read this format should be as | enient as pos-
sibl e, accepting anything that |ooks renotely like a pixmap

There is also a variant on the format, available by setting
the RAWBITS option at conpile tine. This wvariant is
different in the followi ng ways:

- The "mmgic nunmber” is "P6" instead of "P3".
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- The pixel values are stored as plain bytes, instead of
ASCl | deci mal .

- Whitespace is not allowed in the pixels area, and only a
single character of whitespace (typically a newmine) is
al l owed after the maxval.

- The files are smaller and nany tinmes faster to read and
wite.

Note that this raw format can only be used for maxvals |ess
than or equal to 255.

The possible answers are shown below. Choose the closest answer.

a) 15%
b) 30%
c) 45%
d) 60%
€) 75%

Q14)
At http://www.envisiondev.convinter netdev/oct96 w/wg_comp.htm thereisa
web page which talks about Gif compression. Three images shown below are

scanned and saved in GIF format (each one 300 * 300 pixels).

Someone is trying to work out which image has the smallest file size. Use your
knowledge of how GIF works to state which one of the following statementsis
completely true.

a) Theleft image has afile sze which is smaler than the other two

b) The middle image has afile Sze which is smaler than the other two

c) Theright image has afile sze which is smaller than the other two

d) The left image and the middie image have the same file size, and that sizeis
smdler than the right image

e) All three images have the samefilesze
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Q16)
Which one of the following is not a metafile format as described on the
course?

a) Microsoft Word
b)  Microsoft Excel

C) Postscript

d TIFF

2) Flash

Q17)

A sequence of MIDI bytesis sent to aMIDI synthesizer. Wh_eLn they are

2

some_notes

processed by the MIDI synthesizer they sound like this:

Assume that the following type of byte sequence is used to stop a note:

1001 cccc 0 nnnnnnn 0 0000000

How many of those MIDI bytes contain velocity information (of any velocity
vaue)?

a 2

b) 3

c) 4

d) 5

e 6

Q18)

Here is some extracts from the course notes about MIDI:

If you play anote on achannel, you will hear it with the default channel
sound (for example, the default sound for channel 0 may be a piano)
To change the default sounds, you need to issue a program change
command, as follows:

Byte1 Byte 2
1100 cccc O ppppppp
Satus byte Data byte 1
(1101= Programchange) (p=program, meaning

(c=channdl) the number of the sound)
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Part of the general midi tables:

Piano Chromatic Percussion Organ

0. AcougicGrand Plano 8. Cdedta 16. Hammond Organ
1. Bright Acoudstic Pano 9. Glockenspiel 17. Percussive Organ
2. Electric Grand Piano 10. Music Box 18. Rock Organ

3. Honky-tonk Piano 11. Vibraphone 19. Church Organ

4. Rhodes Piano 12. Marimba 20. Reed Organ

5. Chorused Piano 13. Xylophone 21. Accordion

6. Harpsichord 14. Tubular Bdlls 22. Harmonica

7. Clarinet 15. Dulcimer 23. Tanao Accordion
Guitar Bass

24. Acoudtic Guitar (nylon)  32. Acoustic Bass

25. Acoudtic Guitar (sted) 33. Electric Bass (finger)
26. Electric Guitar (jazz) 34. Electric Bass (pick)
27. Electric Guitar (clean) 35. Fretless Bass

28. Electric Guitar (muted) 36, Slap Bass 1

29. Overdriven Guitar 37.Sap Bass 2
30. Digtortion Guitar 38. Synth Bass 1
31. Guitar Harmonics 39. Synth Bass 2

Assumethat every MIDI channel plays the Acoustical Grand Piano (general
MIDI instrument number 0) by default. If the bytes 1100 0001 0001 1111 are
sent to a MIDI synthesiser and then a note is played on the highest MIDI
channel, the note timbre will be from an instrument in which group?

a) Aninstrument in the Piano group

b) Aninstrument in the Chromatic Percussion group
c) Aninstrument in the Organ group

d) Aninstrument in the Guitar group

€) An ingrument in the Bass group

Q19)
An audio file contains three seconds of speech. The complete soundfile (16 bits
per sample) is anaysed using Cool Edit. The following display is generated.
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Analysiz - REALLY A GOD.wav:1

Hz 400056 578000113 1160 0226 2320 0452 5640 090511280 1810 2560 3620 5120 724

Cursor: | 3533 Hz, -56.57 oB
Frequency: | 257 59 Hz (G4 -26)

EFT 5i231|18384 j IBIackmann-Hanis j

[~ | Linear Yiew

Bange 120 dB

Some processing then takes place. The complete soundfile is then analysed
again in exactly the same way as before. The following display is generated.

Analysiz - FlyZ22 wav:1

Hz 40,0056 572000113 11600226 2320 0452 5540 090511230 1810 2560 3620 5120 TiH

Cursor: | 3928 Hz, -139.1 oB
Frequency: | 77581 Hz (G5 -17)

EFT SiZEZI‘IESBd j IBIackmann-Harris j

™ Linear Yiew

Bange 120 dB

What processing took place between the two ?

a) Every other sample was deleted (for each pair of samples X; Xi.1 - > X))

b) Two copies were made of every sample (X - > X, X))

c) The samples are low passfiltered at 3000Hz.

d) Samples were converted into 1 byte per sample. Then they were converted
Into 2 bytes per sample.

€) Chorus was applied to the soundfile

Q21)
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Macromedia Director has a specia scripting language which devel opers can
use to develop intelligent multimedia applications. What is the name of the
scripting language?

Keykit
b) Perl
c) Authorware
d)  Lingo

€) Orchestrator Pro

Q23)
Which is the hardest to achieve?

a) Conversion from vector to bitmap format

b) Conversion from bitmap to vector format

¢) Resizing avector image

d) Resizing abitmap image

€) Changing the colour of al lines stored in vector format

Q24)

Stereo positioning is the adjustment of the relative balance of different sound
channels which affects the position of the perceived sound within the stereo
fidd. If:

-1 <= $stereo_position <=1

avaue of -1 would mean that the right channel would be slent and the left
channel doubled

avaue of 1 would mean that the left channel would be silent and the right
channel doubled

then which one of the following can correctly perform stereo positioning, and
only stereo positioning, on a 16-bit stereo file?

for ($i = 0; $i < $dataengthv4; $i++)
{
read (INPUT, $left, 2, 0);
read (INPUT, $right, 2, 0);

Pleft = (Bleft - Hleft * $stereo_position) * 4* $i/$datalength;
$right = ($right + $right * $stereo_position) * 4 * $i/$datalength;

print OUTTEMP $left;
print OUTTEMP $right;
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b)

}

$outdatalen += 4;

for ($i = 0; $i < $datelengthV2; $i++)

{

read (INPUT, $left, 1, 0);
read (INPUT, $right, 1, 0);

Pleft = $left + $left * $stereo_position;
$right = $right - $right * $stereo_position;

print OUTTEMP $left;
print OUTTEMP $right;

$outdatalen += 2;
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for ($i = 0; $i < $datalengthv4; $i++)

{
read (INPUT, $left, 2, 0);

read (INPUT, $right, 2, 0);

Pleft = $left - (Bleft * $stereo position);
Pright = $right + ($right * $stereo_position);

print OUTTEMP Heft;
print OUTTEMP $right;

$outdatalen += 4;
}

for ($i = 0; $i < $datelength/2; $i++)
{

d)
read (INPUT, $left, 1, 0);
read (INPUT, $right, 1, 0);

Pleft = ($left + $right)/2 * $stereo_position;
$right = ($left + $right)/2 * (L/$stereo_position);

print OUTTEMP $left;
print OUTTEMP $right;

$outdatalen += 2,

for ($i = 0; $i < $datalengthv4; $i++)

{
read (INPUT, $left, 2, 0);
read (INPUT, $right, 2, 0);

Pleft = ($left + $right)/2 * $stereo_position;
Pright = (Bleft + $right)/2 * (L/$stereo_position);

print OUTTEMP $left;
print OUTTEMP $right;

$outdatalen += 4;

Q25)
Which of images (a) to (e) is generated from the code shown following, given
the input images shown later?
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#!/usr/local /bin/perl5
use GD;

open( !l nput, "input.png")||die;
$1 mage=newrr onPng GD: : | mage( ! nput)|| di e;
close | nput;

open( I nput, "input.png")|]|die;
$Sr c=newFronPng GD: : | mage( | nput) || die;
cl ose I nput;

@ ndex=$%$I mage- >get Bounds;
$wi dth = @ ndex[0];
$hei ght = @ ndex[1];

$i =0;
whi | e( $i <$wi dt h)
{
$ol dy = $height/2; $newy = $hei ght/2+20*si n( $i/ 20);
$l mage- >copyResi zed($Src, $i,0,%i,0,1, $newy, 1, $ol dy);
$l mage- >copyResi zed( $Src, $i, $newy, $i, $ol dy, 1, $hei ght - $newy,
1, $hei ght - $ol dy) ;
$i ++;

}

open (output, ">output.png")]|die;
bi nnode out put ;

print output $Inage->png;

cl ose output;

Note that most computer languages, Perl included, use radians and not degrees. There are
Z*pi radiansin acircle. So, for example, the following code:

$pi =3. 14159;

for ($angl e=0; $angl e<=(2*$pi); S$angle+=($pi/2) ) {
printf "od.5f %.3f\n", $angle, sin($angle); }

producesthis:

. 00000 0. 000
. 57079 1. 000
. 14159 0. 000
. 71238 -1.000
. 28318 0. 000

O~ WEFR O

It may aso be useful to remind you of the parameters used by copyResized:
$i mage- >copyResi zed(sourcel mage, dst X, dst Y, srcX, srcY, dest WdestH, srcW srcH)

“The source and destination rectangle's are specified independently by (srcW,srcH) and
(destW,destH) respectively.”
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input.png; \\
Sdect output.png from (a) to (€) asfollows.
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Q26)
On the following pages are five programs. Each program begins with the
following code, which is shown here to save space:

#!/usr/local /bin/perl5

# This is the initial code for each program
use GD

open( I nput, "input.png")]||die;

$1 mage=newrr onPng GD:: | mage( | nput)| | di e;
cl ose | nput;
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@

# Initial code goes here

@ ndex=$| nage- >get Bounds;
$wi dth = @ndex[0];
$hei ght = @ndex[ 1] ;

for ($j=0; $j<S$height; $j++)
for ($i=0; $i<$width: $i++)

$data = $I nage- >get Pi xel ($i, $j);
$lmageBuf [$i][$)] = $data;

t
for ($j=0; $j<S$height; $j++)

for ($i=0; $i<$width/2; $i++)
{
$pi xel 1 = $I mage- >get Pi xel ($i, $j);
$pi xel 2 = $I nage- >get Pi xel ($wi dth-$i -1, $j);
$l mage- >set Pi xel ($wi dth-$i -1, $j, $pi xel 1);
$l mage- >set Pi xel ($i, $j, $pi xel 2);
}
}

open (output, ">output.png")]|]|die;
bi nnode out put ;

print output $Image->png;

cl ose out put;

()

# Initial code goes here
for ($j=0; $j<256; $j++)

($r, $g, $b) =3I mage->rgb($j);

&Set RGB($l nage, $j, (int($r/32)*32), (int($g/32)*32),
(int($b/32)*32));

}

open (output, ">output.png")]||die;
bi nnmode out put ;

print output $Image->png;

cl ose out put;

sub Set R&B # set the $colorindex in CLUT to be $new, $newg,

{
| ocal ($I mage, $col ori ndex, $new , $newg, $newb) =@ ;
$l mage- >col or Deal | ocat e( $col ori ndex);
do

$newi ndex = $I mage- >col or Al | ocat e( $new , $newg, $newb) ;
} until ($col ori ndex==$new ndex) ;

}

$newb
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(©)

(d)

# Initial code goes here
for ($j=0; $j<256; $j++)

{
($r, $g, $b) =$I mage->rgh($j ) ;
$templ = ($r+$g+$b)/ 3;

i f($tenpl+30>255)
{
$tenp2 = 255;
}
el se

$tenp2 = $t enpl+30;

}
&Set RGB( $l mage, $j, $tenp2, $tenp2, $tenpl);
}

open (output, ">output.png")]|]|die;
bi nnode out put ;

print output $Image->png;

cl ose out put;

sub Set RGB # set the $colorindex in CLUT to be $new, $newg, $newb

| ocal ($I mage, $col ori ndex, $newr , $newg, $Snewb) =@ ;
$l mage- >col or Deal | ocat e( $col ori ndex) ;
do

$newi ndex = $I mage- >col or Al | ocat e( $newr , $newg, $newb) ;
} until ($col ori ndex==$new ndex) ;

}

# Initial code goes here
for ($j=0; $j<256; $j++)

($r, $g, $b) =3I mage->rgb($j);
&Set R&B($l mage, $j, 255-$r, 255-%g, 255-%b);
}

open (output, ">output.png")]|]|die;
bi nmode out put ;

print output $Image->png;

cl ose out put;

sub SetRGB # set the $colorindex in CLUT to be $new, $newg, $newb

| ocal ($l nage, $col ori ndex, $newr , $newg, $newb) =@ ;
$I mage- >col or Deal | ocat e( $col ori ndex) ;
do
{
$newi ndex = $I mage- >col or Al | ocat e( $newr , $newg, $newb) ;
} until ($col ori ndex==$newi ndex) ;

}
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(€

# Initial code goes here
for ($j=0; $j<256; $j++)

{

($r, $g, $b) =$I mage->rgh($j ) ;

&Set RGB($l nmage, $j, (int($r/2)*2), (int($g/2)*2), (int($b/2)*2));
}

open (output, ">output.png")]||die;
bi nmode out put ;

print output $Image->png;

cl ose out put;

sub Set RGB # set the $colorindex in CLUT to be $new, $newg, $newb

| ocal ($l nage, $col ori ndex, $newr , $newg, $newb) =@ ;
$I nage- >col or Deal | ocat e( $col ori ndex) ;
do

$newi ndex = $I mage- >col or Al | ocat e( $newr , $newg, $newb) ;
} until ($col ori ndex==$new ndex) ;

}

Which one of the programs (a) to (€) generates output.png when given input.png as follows.
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Image after processing:

What has happened?

a) Thered and blue planes have been inverted, but the green plane has been unaltered

b) Image contrast has been increased by 70%

C) Hue values have been increased by 50%

d) The histogram has been equalized — “ The Equalize Histogram command smoothes out
the image' s hisogram so that it is more evenly distributed across the spectrum.”

€) Saturation values have been decreased by 50%
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