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Abstract

Thisreportdescribesthepurposeandtheuseof a �exiblevideostreamconverterprogramwhich is capableof
performingvariousimagemanipulationoperationsonYUV-encodedvideostreams.Thisprogramwasdeveloped
in supportof a larger project that strivesto make a more versitile and ef�cient programmingenvironmentfor
videoprocessingonembeddeddevicessuch asmobilephones.ThedescribedYUVconverterprogramassiststhis
projectby producingtestvideostreamsfor evaluatingtheembeddedapplications.Theconverteris ableto read
andedit YUVvideoinput streamswith operations,such asmirroring, black andwhiteconversionandscaling,
allowing theproductonof controlled testvideo�les.
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Abstract

This report describesthe purposeand the useof a
�exible videostreamconverterprogramwhich is ca-
pableof performingvariousimage manipulationop-
erations on YUV-encodedvideo streams. This pro-
gramwasdevelopedin supportofa largerprojectthat
strivesto makea moreversitile andef�cient program-
mingenvironmentfor videoprocessingon embedded
devicessuch as mobile phones. The describedYU-
Vconverterprogramassiststhis projectby producing
testvideostreamsfor evaluatingtheembeddedappli-
cations. Theconverter is able to readand edit YUV
videoinput streamswith operations,such as mirror-
ing, black andwhiteconversionandscaling, allowing
theproductonof controlled testvideo�les.

1 Intr oduction

Thedescribedprojectin this reportis partof anover-
all researchprojectin theareaof embeddedsystems
design.Thespeci�c topic of his researchis ”Result-
OrientedSystem-Level Modelingfor Ef�cient Design
of EmbeddedSystems”,whichaddressesthecreation
and optimizationof the systemmodel itself for ef-
fective usein existing systemdesignprocessesrather
than the traditional methodof focusing largely on
simulationandsynthesisfrom agivenmodel[4]. Just
like a high quality architecturalblueprint leadsto a
highqualitybuilding, only a ”good” modelof anem-
beddedsystemwill leadto a successfulimplementa-
tion of anembeddedapplication.Embeddedsystems
rangefrom smarthomeappliancesto video-enabled
mobile phones,from real-time automotive applica-
tions to communicationsatellites,andfrom portable

multi-mediacomponentsto reliablemedicaldevices
[7].

Embeddedcomputersystemsarearoundusevery-
day, ranging from reliable medicaldevices to real-
time automotive applicationsto video-enabledmo-
bile phones. The desire to producemore capable
phonesandvideo deviceshasmotivatedresearchers
andindustry-partnersto developdatacompressional-
gorithmsto enablethetransmissionof videothrough
networks. This effort is not without technicalchal-
lenges. The video-enableddevices needto handle
varioustemporaland specialvideo formatsthat ex-
ist aroundthe world. This needhasbeengenerated
becausethe consumerproduct manufacturershave
built video formatting processorsor codecsto meet
the speci�cationsrequestedby different peopleand
governmentsover the years. Now that the web has
broughtpopulationsclosertogether, researchers,de-
velopers,andmanufacturersof videoprocessingsys-
temsandproductsneedto handlemany differentfor-
mats”out of thebox”.

Embedded computing systems have gained a
tremendousamountof functionality and processing
power and,at the sametime, cannow be integrated
into a Multi-ProcessorSystem-on-Chip(MPSoC).
The designof MPSoCs,however, facesgreatchal-
lengesdueto the hugecomplexity of thesesystems.
Thegoalof theoverallprojectis to optimizethemod-
eling of embeddedsystemssuchthattargetedproper-
ties of the intendedproductcanbe quickly andpre-
ciselypredicted,andthesystemcanbeef�ciently im-
plementedbasedon its abstractmodel.This includes
the useof an adequatemodelof computation,a sys-
tematicanalysisof systemmodelsusingwell-de�ned
metrics,the identi�cation of essentialpropertiesand
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properabstractionlevels,andthedevelopmentof ef-
�cient modelingtechniquesandguidelines.

1.1 Needfor VideoConverter

For the successof the overall project,a driver appli-
cationis essential.This applicationneedsto demon-
strate the feasibility and bene�ts of result-oriented
system-level modelingtechniquesof the overall re-
search.Theprojectteamis usingtheAdvancedVideo
Coding(AVC) standardH.264asthedriving applica-
tion. H.264,alsoknown asMPEG-4,is anadvanced
standardfor videocompression[3]. Its freeavailabil-
ity andhigh complexity makes it an ideal, industry-
sizedexamplefor oursystemmodeling.

In orderto effectively evaluatetheperformanceof
�rmw arewith differentH.264processingalgorithms
on embeddedprocessors,the developed�e xible and
sharableconverter is necessary. This converter is
written in C andgeneratesdigital video streamsfor
useasinput andoutputdatawith varyingdegreesof
complexity. Using this program,a variety of edited
streamswill be createdhaving attributeswhich in-
clude,blackandwhite, negative image,editedframe
resolutions,andblackandwhitepixelization.

2 A Flexible VideoConverter

In the following sections,we will describeour video
converterin detail.

2.1 GeneralProgram Flow

Whendiscussingthe useand implementationof the
video converterprogram,it is �rst necessaryto dis-
cussthegeneral�o w of of theprogram.Ourprogram
convertsa standard”.yuv” video streamto eitheran
editedstreamor a pictureof a singleframe,Figure1.
Whenrunningtheprogram,theuserspeci�esthe in-
put ”.yuv” videostreamof a 4:2:0formatwhich is to
beedited. The �le is thenreadinto theprogramand
whetheror not theuserdesires,theprogramwill out-
put another”.yuv” 4:2:0 format streamor a ”.ppm”
image.

Figure1 shows thegeneral�o w, from input to out-
putof theYUVconverter.

Figure1: GeneralFlow of YUVconverter

2.2 Inter nal Program Flow

A view of theinternal�o w of theprogramcanbeseen
in Figure2.

TheYUV videostreamis readin frameby frameto
minimizetheamountof memoryrequiredduringpro-
gramrun time. For optimal memoryallocation,we
usedynamicmemoryfunctions.Oncea frameis read
in, it is convertedandformatedto regularRGBarrays
having individual valuesfor eachpixel location. The
conversionwasdoneby applyinga formulato corre-
spondingYUV values[8].

Following this, theprogramentersa loop to apply
thedesirededits.Theseeditsrede�netheRGBvalues
for eachpixel. With theeditscompleted,theprogram
eitherresizestheframeor passesthesevaluesstraight
to asave function.

Resolutionediting is done by building a second
setof arraysfrom original RGB valueswith desired
outputdimensions.Using RGB arrays,whetherit is
the resizedor initial set, the program�nally writes
a ”.ppm” �le with thesevalues,or convertsback to
YUV and appendscurrentframe datato the ”.yuv”
streambeing saved. When a video streamis being
createdthe programwill run throughthe described
processfor eachframe, until all the framesdesired
aresaved.
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Figure2: InternalFlow of YUVconverter

3 UserManual for YUVconverter

In the following sections,we will describethe fea-
tures,usageandlimitationsof theYUVconverterpro-
gramin detail.

3.1 Features

Theconverterhasa setof supportedfeaturesanded-
its. Thesefeaturesareexecutedoneof two ways.The
convertercaneithercreateasnapshotof any framein
theinputvideostream,outputtinga”.ppm” image,or
the programcancreatea video streamfrom a speci-
�ed initial frameto adesired�nal frame.

Thevideoconvertersupportsvariousimagemanip-
ulation opperationsthat canbe appliedto either the
output .ppm imageor the .yuv stream. To illustrate
theeffectof theseoperations,wewill useframe40of
thestream”coastguard”[1].

Figure 3 shows the original unmodi�ed frame40
from the ”coastguard”stream. The picture was ex-
tractedfrom thestreamusingourYUV converterwith
the frameoption -f . The actualcommandline call
for this is asfollows:

YUV coastguard.yuv -f 40

Thefeaturesandusageof thefeaturesarelistedbel-
low:

Figure3: OriginalExampleFrame

3.1.1 Negativeconversion

The YUVconverter program can convert an input
frameinto anegativeimageusingoption-n . Thisop-
erationreplaceseachRGB valuewith the difference
of their valueandthemaxcolorvalue,(255).

Figure4 shows the negative imageof the original
framein Figure3.

3.1.2 Black and white

The YUVconverter program can convert an input
frameinto ablackandwhite imageusingoption-bw .
This operationreplaceseachRGB valuewith theav-
erageof the RGB valuesat the correspondingpixel
location.

Figure5 shows the black andwhite imageof the
original framein Figure3, when-bw is applied.

3.1.3 Horizontal �ip

Theoperation,(-hf ), createsa horizantallymirrored
imageof theinput frame.This is doneby reassigning
pixel valuesat correspondingpossitions.

Figure6 displayesthehorizontal�ip operationon
Figure3.
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Figure4: ExamplevideoframeafterNegative Oper-
ation

3.1.4 Vertical �ip

Theoperation,(-vf ), is nearlythesameas”horizon-
tal �ip” excepttheimageis mirroredvertically.

Figure 7 displayesthe vertical �ip operationap-
pliedonFigure3.

3.1.5 Noise

The option, (-noise ), is follow by a percentage
which indicatesthe amountof black andwhite pix-
elationto theinput frameat randompixel positions.

Figure8 displayesthe noiseoperationappliedon
Figure3.

3.1.6 Frame selection

The option, (-f ), is follow by a framenumbercor-
respondingto the initial frame of the input ”.yuv”
streamdesiredto readin. If anothernumberis noten-
teredaftertheinitial frame,theprogramwill createa
”.ppm” imageof thespeci�edframe.If anothernum-
ber is entered,this will indicatetheframeto which a
videostreamshouldbecreated.This is doneby read-
ing oneframein at a time until all frameshave been
andsaved.Throughthisprocessit is possibletocreate
a videostreamthatdisplayesthe framesof the input
streamin theoppositeorder, playingit ”backwards”.

Figure5: ExamplevideoframeafterBlackandWhite

3.1.7 Step

Theoption,(-s ), allows theuserto specifyanumber
which correspondsto which framesarereadinto the
program.A numbermustbeenteredafter theoption
that statesthe ratio of input video framesper output
frame. Thus,the resultof enteringa numbergreater
than one is skipping over someinput frames,mak-
ing thevideorun faster. In contrast,if a numberless
thanone is entered,input frameswill be usedmore
than oncecreatingmultiple output frames. In turn,
thevideowill playslower.

3.1.8 Input resolution

Whentheoption,(-r ), is entered,it mustbefollowed
by two numbers,de�ning theheightandwidth of the
input stream. If this option is not entered,the input
streamis assumedto have default dimensions,(352x
288). Note that, if the resolutionspeci�ed doesnot
matchthe resolutionof the video, the outputwill be
comletelyscatteredandvisually undiscernable.As a
resultalsotheoutputwill havedefault dimensions.

3.1.9 Output resolution

The option, (-r2 ), when followed by height and
width dimensions,de�nestheresolutionof theoutput
�le. Whenthis option is entered,theprogramenters
anotherfunctionwhichde�nesa frameof thedesired

4



Figure6: Examplevideo frameafterHorizonalMir-
roring

outputresolutionfrom theeditedinput frame. Thus,
imagescanbescaledto any desiredoutputsize.

3.1.10 Input �le name

The option, (-i ), is enteredbefore the input �le
name. By enteringthis option it tells the program
what �le to readin. It shouldnot be assumedthat
whenthis option is usedit is not necessaryto enter
a output �le namebecauseall that is being de�ned
is the input �le name. If this option is not entered,
theprogramwill automaticallylook for a basename
at the secondpossitionon the command.The input
�le would thenconstructedby appending” cif.yuv”
to thebasename.

3.1.11 Output �le name

The option, (-o ), is enteredbefore the output �le
namewithout the �le type ending. Whenthe �le is
being saved, the appropriateendingis addedto the
output�le name,(.ppmor .yuv).

3.2 Usage

Figure 9 presentsall the possibleoptions to enter
on the commandline. In the examplecall, the re-
sult would be a streamcreatedfrom �le, ”coast-
guardcif.yuv”, runningbackwardsfrom the 20th to

Figure7: ExamplevideoframeafterVerticalFlip

the14thframe,skippingeveryotherinput frame.The
outputwould alsobeenlargedto 500x500pixelsand
bethenegativeof theinput.

3.3 Limitations

Thecurrentimplementationof theYUVconverterhas
a few limitations to its uses.First, theprogramdoes
not have an imbedded”.ppm” to ”.jpg” converter.
This makesviewing outputframesmoredif�cult be-
causeapplicationswhich display”.ppm” imagesare
lesscommonthanthosewhichcanhandle”.jpg” �les.

Second,at this point theconvertercanonly handle
4:2:0 YUV format type, which negelectsto address
4:2:2and4:4:4�le formats.

Third, in order readin a YUV �le correctly it is
necessaryto know theresolutionof thevideostream.

4 Summary

The YUVconverter program readsin a 4:2:0 type
YUV videostreamandproducesvariousoutputs.The
programis ableto createa negative,blackandwhite,
bothhorizontallyandvirtically �iped, andnoisy im-
ageframes.Someotherpossibleeditsinclude,reso-
lution adjustmentandframeskipingandaddition.
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Figure8: ExamplevideoframeafterNoiseOperation

Figure9: OperationsChart

4.1 Futur eWork

With the converter completed,testingon the H.264
encoderanddecoderarenow possible.Testloopsare
to bedone,checkingtheef�ciency of thecodingpro-
cess.Cyclesusingvarying streamcomplexities will
beusedto �nd thebestimplementationfor thechips.

The testloop that will be conductedon the H.264
decodercanbeseenin Figure10 usinga test”.mp4”
type video, the designedH.264decoderwill convert
the �le to a ”.yuv” stream.This streamwill thenbe
run in i theYUVconverter, applyingdesirededitsand
outputtinganother”.yuv” stream.Following this, the
edited�le will thenbeencodedby theH.264encoder
completingonetestloop.

Weplanto initially conducttestsonaprogramthat
simulateschip function,allowing cheapandef�cient

Figure10: TestLoop

designalteration. Datawill be collectedandplotted
on a chartdisplayingthe relationshipbetweeneffort
andperformance.
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A Appendix

Thefollowing SectionA.1 lists thesourcecodeof thevideoconverterdescribedin this report.Thelistedsource
�le follows ANSI-C codingguidelinesandshouldbeportableto any ANSI-C compliantprogrammingenviron-
ment.ThiscodehasbeensuccessfullycompiledandusedonLinux FedoraCore4 andMacOS.

A.1 SourceCodefor YUVconverter

Thefollowing listing shows thesourcecodefor YUVconverter.

1 /� YUVconverter , version 1.0� /
2 /� Author : Timothy Bohr� /
3 /� 09/16/2008� /
4 /� Copyr ight Timothy Bohr� /
5

6 #include < stdi o .h>
7 #include < stdl i b .h>
8 #include < str i ng .h>
9 #include <math.h>

10 #include < assert .h>
11

12 /� global def i ni t i ons � /
13 #def ine WIDTH 352 /� defaul t width� /
14 #def ine HEIGHT 288 /� defaul t height � /
15

16 /� frame str uctur e def i ni t i ons� /
17 typedef st r uct rgbframe f
18 unsigned char � R;
19 unsigned char �G;
20 unsigned char � B;
21 gRGBframe;
22

23 typedef st r uct yuvframe f
24 unsigned char �Y;
25 unsigned char �U;
26 unsigned char �V;
27 gYUVframe;
28

29 /� read frame from a f i l e � /
30 i nt ReadFrame(YUVframe �YUV, const char � fname, i nt � i f rame, i nt f f rame, unsigned i nt width ,
31 unsigned i nt height , f l oat s) ;
32

33 /� conver t YUV to RGB� /
34 i nt YUVconverter(RGBframe �RGB, YUVframe �YUV, unsigned i nt width , unsigned i nt height ) ;
35

36 /� conver t RGB back to YUV� /
37 i nt YUVreconverter(RGBframe �RGB, YUVframe �YUV, unsigned i nt width , unsigned i nt height ) ;
38

39 /� save a conver ted frame� /
40 i nt SaveFrame(RGBframe �RGB, const char � fname, unsigned i nt width , unsigned i nt height ) ;
41

42 /� save a yuv stream� /
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43 i nt SaveYUV(RGBframe �RGB, RGBframe � RGB2, YUVframe �YUV, YUVframe �YUV2, const char � fname,
44 const char � f i n , unsigned i nt width , unsigned i nt height , i nt width2 ,
45 i nt height2 , i nt � i f rame, unsigned i nt f f rame, i nt n, i nt h, i nt v , i nt bw,
46 f l oat s, i nt noise , i nt degree, i nt t i l e ) ;
47

48 /� create nagative image� /
49 void Negative(RGBframe �RGB, unsigned i nt width , unsigned i nt height ) ;
50

51 /� f l i p image hor i zontal l y � /
52 void HFlip(RGBframe �RGB, unsigned i nt width , unsigned i nt height ) ;
53

54 /� f l i p image ver t i cal l y � /
55 void VFlip(RGBframe �RGB, unsigned i nt width , unsigned i nt height ) ;
56

57 /� create black and whi te� /
58 void BW(RGBframe �RGB, unsigned i nt width , unsigned i nt height ) ;
59

60 /� add noise to frames� /
61 void AddNoise(RGBframe �RGB, i nt degree, i nt width , i nt height ) ;
62

63 /� adjust to output r esol uti on� /
64 void ADJres(RGBframe �RGB, RGBframe � RGB2, i nt width , i nt height , i nt width2 , i nt height2 ) ;
65

66 /� create t i l i ng in desi red output r esol uti on� /
67 void Ti l e(RGBframe �RGB, RGBframe � RGB2, i nt width , i nt height , i nt width2 , i nt height2 ) ;
68

69 /� pr i nt possibl e options for program� /
70 void pri ntopti ons(void ) ;
71

72

73 /� enter ing main functi on� /
74 i nt main( i nt argc , char � argv [ ] )
75 f
76 /� defi ni ng l ocal var i ables� /
77

78 char � f i n = NULL; /� i nput f i l e name� /
79 char � f out = NULL; /� output f i l e name� /
80 i nt E = 0; /� possibl e er ror return� /
81 i nt i f rame = 0, f f rame = (� 1); /� frame numbers� /
82 unsigned i nt height = HEIGHT, width = WIDTH; /� dimensions� /
83 unsigned i nt height2 , width2; /� dimensions of output stream� /
84 i nt x = 0; /� parameter � /
85 i nt n = 0; /� f l ag for negati ve� /
86 i nt h = 0; /� f l ag for hor i zontal f l i p � /
87 i nt v = 0; /� f l ag for ver t i cal f l i p � /
88 f l oat s = 1; /� f l ag for skipping or mul ti pl yi ng frames� /
89 i nt bw = 0; /� f l ag for black and whi te� /
90 i nt noise = 0; /� f l ag for adding noise� /
91 i nt degree; /� the percent noise� /
92 i nt t i l e = 0; /� f l ag for t i l i ng � /
93 unsigned i nt si ze; /� contains si ze of pointer s� /
94
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95 /� declar ing str uctur es� /
96 RGBframe RGB = fNULL, NULL, NULLg;
97 YUVframe YUV = fNULL, NULL, NULLg;
98 RGBframe RGB2 = fNULL, NULL, NULLg;
99 YUVframe YUV2 = fNULL, NULL, NULLg;

100

101 /� declar ing pointer s� /
102 RGBframe � RGBptr = NULL;
103 YUVframe � YUVptr = NULL;
104 RGBframe � RGB2ptr = NULL;
105 YUVframe � YUV2ptr = NULL;
106

107

108 /� enter ing whi le loop to check options entered� /
109 while(x < argc)
110 f i f (0 == strcmp(&argv [ x] [ 0] , ”� i ” ) )
111 f i f (x < argc � 1)
112 f f i n = (char � )mal loc( si zeof (char ) � ( st r l en(&argv [ x+1] [0] ) + 1)) ;
113 strcpy ( f i n , argv [ x+1] );
114 g/� f i � /
115 el se
116 f pr i nt f ( ” Missing argument f or i nput name! ” ) ;
117 r etur n 5;
118 g/� esl e� /
119 x += 2;
120 continue;
121 g/� f i � /
122 i f (0 == strcmp(&argv [ x] [ 0] , ”� o” ) )
123 f i f (x < argc � 1)
124 f f out = (char � )mal loc( si zeof (char ) � ( st r l en(&argv [ x+1] [0] ) + st r l en (” .ppm” ) + 1)) ;
125 strcpy ( fout , argv [ x+1] );
126 g/� f i � /
127 el se
128 f pr i nt f ( ” Missing argument f or output name! ” ) ;
129 r etur n 5;
130 g/� esl e� /
131 x += 2;
132 continue;
133 g/� f i � /
134 i f (0 == strcmp(argv [ x] , ”� f ” ) )
135 f i f ( argc < (x + 1) j j 0 == i sdi gi t (argv [ x+1] [ 0] ))
136 f pr i nt f ( ” nnDesired frame not entered!nn” ) ;
137 pri ntopti ons( ) ;
138 r etur n 5;
139 g/� f i � /
140 el se
141 f i f rame = atoi (argv [ x+1] );
142 g/� esl e� /
143 i f ( argc > (x + 2) && 0 != i sdi gi t (argv [ x+2] [ 0] ))
144 f f f rame = atoi (argv [ x+2] );
145 x++;
146 g/� f i � /
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147 x += 2;
148 continue;
149 g/� f i � /
150 i f (0 == strcmp(&argv [ x] [ 0] , ”� r ” ) )
151 f i f ( argc < (x + 1) j j 0 == i sdi gi t (argv [ x+1] [ 0] ))
152 f pr i nt f ( ” nnInput width was not entered!nn” ) ;
153 pri ntopti ons( ) ;
154 r etur n 5;
155 g/� f i � /
156 el se
157 f width = atoi (argv [ x+1] );
158 g/� esl e� /
159 i f ( argc < (x + 2) j j 0 == i sdi gi t (argv [ x+2] [ 0] ))
160 f pr i nt f ( ” nnInput height was not entered!nn” ) ;
161 pri ntopti ons( ) ;
162 r etur n 5;
163 g/� f i � /
164 el se
165 f height = atoi (argv [ x+2] );
166 g/� esl e� /
167 x += 3;
168 continue;
169 g/� f i � /
170 i f (0 == strcmp(&argv [ x] [ 0] , ”� r2” ) )
171 f i f ( argc < (x + 1) j j 0 == i sdi gi t (argv [ x+1] [ 0] ))
172 f pr i nt f ( ” nnOutput width was not entered!nn” ) ;
173 pri ntopti ons( ) ;
174 r etur n 5;
175 g/� f i � /
176 el se
177 f width2 = atoi (argv [ x+1] );
178 g/� esl e� /
179 i f ( argc < (x + 2) j j 0 == i sdi gi t (argv [ x+2] [ 0] ))
180 f pr i nt f ( ” nnOutput height was not entered!nn” ) ;
181 pri ntopti ons( ) ;
182 r etur n 5;
183 g/� f i � /
184 el se
185 f height2 = atoi (argv [ x+2] );
186 g/� esl e� /
187 i f ( (x + 3) < argc && 0 == strcmp(&argv [ x + 3] [ 0] , ”� t ” ) )
188 f t i l e = 1;
189 x++;
190 g/� f i � /
191 x += 3;
192 continue;
193 g/� f i � /
194 i f (0 == strcmp(&argv [ x] [ 0] , ”� s” ) )
195 f i f ( argc < (x + 1))
196 f pr i nt f ( ” Missing step si ze entry ! ” ) ;
197 r etur n 5;
198 g/� f i � /
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199 s = atof (argv [ x+1] );
200 x += 2;
201 continue;
202 g/� f i � /
203 i f (0 == strcmp(&argv [ x] [ 0] , ”� n” ) )
204 f n = 1;
205 x++;
206 continue;
207 g/� f i � /
208 i f (0 == strcmp(&argv [ x] [ 0] , ”� hf ” ) )
209 f h = 1;
210 x++;
211 continue;
212 g/� f i � /
213 i f (0 == strcmp(&argv [ x] [ 0] , ”� vf ” ) )
214 f v = 1;
215 x++;
216 continue;
217 g/� f i � /
218 i f (0 == strcmp(&argv [ x] [ 0] , ”� bw” ) )
219 f bw = 1;
220 x++;
221 continue;
222 g/� f i � /
223 i f (0 == strcmp(&argv [ x] [ 0] , ”� noise” ) )
224 f i f ( argc < (x + 1) j j 0 == i sdi gi t (argv [ x+1] [ 0] ))
225 f pr i nt f ( ” Missing degree noise!nn” ) ;
226 r etur n 5;
227 g/� f i � /
228 degree = atoi (argv [ x+1] );
229 noise = 1;
230 x += 2;
231 continue;
232 g/� f i � /
233 i f (0 == strcmp(&argv [ x] [ 0] , ”� h” ) )
234 f pri ntopti ons( ) ;
235 r etur n 0;
236 g/� f i � /
237 x++;
238 g/� el ihw� /
239

240 /� al l ocate memory� /
241 si ze = width � height � si zeof (unsigned char ) ;
242

243 YUV.Y = (unsigned char � )mal loc( si ze) ;
244 YUV.U = (unsigned char � )mal loc( si ze/4) ;
245 YUV.V = (unsigned char � )mal loc( si ze/4) ;
246

247 RGB.R = (unsigned char � )mal loc( si ze) ;
248 RGB.G = (unsigned char � )mal loc( si ze) ;
249 RGB.B = (unsigned char � )mal loc( si ze) ;
250
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251 /� checking for er ror al l ocati ng memory� /
252 i f ( !RGB.R j j !RGB.G j j !RGB.B j j !YUV.Y j j !YUV.U j j !YUV.V)
253 f pr i nt f ( ”Out of memory! ” ) ;
254 r etur n 20;
255 g/� f i � /
256

257 i f (width2 != 0 j j height2 != 0)
258 f
259 /� Redi fi ne the si ze necessary to al l ocate� /
260 si ze = width2 � height2 � si zeof (unsigned char ) ;
261

262 /� al l ocati ng memory for r esi zi ng� /
263 YUV2.Y = (unsigned char � )mal loc( si ze) ;
264 YUV2.U = (unsigned char � )mal loc( si ze/4) ;
265 YUV2.V = (unsigned char � )mal loc( si ze/4) ;
266

267 RGB2.R = (unsigned char � )mal loc( si ze) ;
268 RGB2.G = (unsigned char � )mal loc( si ze) ;
269 RGB2.B = (unsigned char � )mal loc( si ze) ;
270

271 /� checking for er ror al l ocati ng memory� /
272 i f ( !RGB2.R j j !RGB2.G j j !RGB2.B j j !YUV2.Y j j !YUV2.U j j !YUV2.V)
273 f pr i nt f ( ”Out of memory! ” ) ;
274 r etur n 20;
275 g/� f i � /
276 g/� f i � /
277

278 /� creati ng pointer s to str uctur es� /
279 RGBptr = &RGB;
280 YUVptr = &YUV;
281 RGB2ptr = &RGB2;
282 YUV2ptr = &YUV2;
283

284 /� checking for missing f i l e names� /
285 i f ( argc < 2)
286 f pr i nt f ( ” Missing base name argument ! ” ) ;
287 r etur n 20;
288 g/� f i � /
289

290 /� defi ni ng Fi l e names i f base name entered� /
291 i f ( f i n == NULL)
292 f f i n = (char � )mal loc( si zeof (char ) � ( st r l en(&argv [ 1] [ 0] ) + st r l en (” ci f .yuv” ) + 1)) ;
293 strcpy ( f i n , argv [ 1] ) ;
294 st rcat ( f i n , ” ci f .yuv” ) ;
295 g/� f i � /
296 i f ( f out == NULL)
297 f f out = (char � )mal loc( si zeof (char ) � ( st r l en(&argv [ 1] [ 0] ) + st r l en (” .ppm” ) + 1)) ;
298 strcpy ( fout , argv [ 1] ) ;
299 g/� f i � /
300

301

302 /� creati ng a YUV stream� /
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303 i f ( f f rame != (� 1))
304 f
305 /� pr i nt parameters� /
306 pr i nt f ( ” I ni t i al frame: %dnn” , i f rame) ;
307 pr i nt f ( ” Final frame: %dnn” , f f rame) ;
308 /� pr i nt i ng for or i gi nal l y si zed frame� /
309 i f (width2 != 0 j j height2 != 0)
310 f pr i nt f ( ”Width2: %dnn” , width2) ;
311 pr i nt f ( ” Height2: %dnn” , height2 ) ;
312 g/� f i � /
313 /� pr i nt i ng for r esi zed frame� /
314 el se
315 f pr i nt f ( ”Width: %dnn” , width) ;
316 pr i nt f ( ” Height : %dnn” , height ) ;
317 g/� esl e� /
318

319 /� appending proper ending to input str i ng � /
320 st rcat ( fout , ” .yuv” ) ;
321

322 SaveYUV(RGBptr, RGB2ptr, YUVptr, YUV2ptr, fout , f i n , width , height , width2 , height2 ,
323 &iframe, f frame, n, h, v , bw, s, noise , degree, t i l e ) ;
324 g/� f i � /
325

326 /� creati ng a si gl e PPM image� /
327 el se
328 f
329 /� defi ni ng appropr iate ending of .ppm� /
330 st rcat ( fout , ” .ppm” ) ;
331

332 /� reading in frame and checking for er ror � /
333 E = ReadFrame(YUVptr, f i n , &i f rame, f frame, width , height , s) ;
334 i f (E != 0)
335 f r etur n 10;
336 g/� f i � /
337

338 /� Pr i nti ng parameters� /
339 pr i nt f ( ”Frame: %dnn” , i f rame) ;
340

341 i f (width2 != 0 j j height2 != 0)
342 f pr i nt f ( ”Width2: %dnn” , width2) ;
343 pr i nt f ( ” Height2: %dnn” , height2 ) ;
344 g/� f i � /
345 el se
346 f pr i nt f ( ”Width: %dnn” , width) ;
347 pr i nt f ( ” Height : %dnn” , height ) ;
348 g/� esl e� /
349

350 /� conver ting YUV� > RGB� /
351 YUVconverter(RGBptr, YUVptr, width , height ) ;
352

353 /� applying desi red edi ts� /
354 i f (n == 1)
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355 f Negative(RGBptr, width , height ) ;
356 g/� f i � /
357 i f (h == 1)
358 f HFlip(RGBptr, width , height ) ;
359 g/� f i � /
360 i f (v == 1)
361 f VFlip(RGBptr, width , height ) ;
362 g/� f i � /
363 i f (bw == 1)
364 fBW(RGBptr, width , height ) ;
365 g/� f i � /
366 i f ( noise == 1)
367 f AddNoise(RGBptr, degree, width , height ) ;
368 g/� f i � /
369

370 /� saving RGB to ppm and checking for er ror � /
371 i f (width2 != 0 j j height2 != 0)
372 f i f ( t i l e == 1)
373 f Ti l e(RGBptr, RGB2ptr, width , height , width2 , height2 ) ;
374 g/� f i � /
375 el se
376 f ADJres(RGBptr, RGB2ptr, width , height , width2 , height2 ) ;
377 g/� esl e� /
378 E = SaveFrame(RGB2ptr, fout , width2 , height2 ) ;
379 i f (E != 0)
380 f r etur n 10;
381 g/� f i � /
382 g/� f i � /
383 el se
384 f E = SaveFrame(RGBptr, fout , width , height ) ;
385 i f (E != 0)
386 f r etur n 10;
387 g/� f i � /
388 g/� esl e� /
389

390 g/� esl e� /
391

392 /� fr eei ng up memory� /
393 f ree(YUV.Y) ;
394 f ree(YUV.U) ;
395 f ree(YUV.V) ;
396 f ree(RGB.R) ;
397 f ree(RGB.G) ;
398 f ree(RGB.B) ;
399

400 YUV.Y = NULL;
401 YUV.U = NULL;
402 YUV.V = NULL;
403 RGB.R = NULL;
404 RGB.G = NULL;
405 RGB.B = NULL;
406
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407 f ree( f i n ) ;
408 f ree( fout ) ;
409

410 i f (width2 != 0 j j height2 != 0)
411 f f ree(YUV2.Y) ;
412 f ree(YUV2.U) ;
413 f ree(YUV2.V) ;
414 f ree(RGB2.R) ;
415 f ree(RGB2.G) ;
416 f ree(RGB2.B) ;
417

418 YUV2.Y = NULL;
419 YUV2.U = NULL;
420 YUV2.V = NULL;
421 RGB2.R = NULL;
422 RGB2.G = NULL;
423 RGB2.B = NULL;
424 g/� f i � /
425

426 pr i nt f ( ” Conversion successf ul l y done!nn” ) ;
427

428 /� terminating program� /
429 r etur n 0;
430 g
431

432 i nt SaveFrame(RGBframe �RGB, const char � fname, unsigned i nt width , unsigned i nt height )
433 f
434 /� defi ni ng l ocal var i ables� /
435 FILE � Fi l e;
436 i nt i , j ;
437

438

439 /� opening stream� /
440 Fi l e = fopen(fname, ”w” ) ;
441

442 /� checking for possibl e er ror � /
443 i f ( ! Fi l e)
444 f pr i nt f ( ” nnCan not open f i l e n”%sn” f or wri ti ng!nn” , fname) ;
445 r etur n 1;
446 g/� f i � /
447

448 /� wr i ti ng f i l e information� /
449 f pr i nt f ( Fi l e , ”P6nn” ) ;
450 f pr i nt f ( Fi l e , ”%di %dnn” , width , height ) ;
451 f pr i nt f ( Fi l e , ” 255nn” ) ;
452

453

454 /� al l ocati ng pi xel values to stream� /
455 for ( j = 0; j < height ; j ++)
456 f for ( i = 0; i < width; i ++)
457 f
458 f putc(RGB� >R[ i + width � j ] , Fi l e) ;
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459 f putc(RGB� >G[ i + width � j ] , Fi l e) ;
460 f putc(RGB� >B[ i + width � j ] , Fi l e) ;
461 g/� r of � /
462 g/� r of � /
463

464

465 /� checking for er ror � /
466 i f ( f error ( Fi l e) )
467 f
468 pr i nt f ( ” nnFi l e error whi le wri ti ng to f i l e!nn” ) ;
469 r etur n 2;
470 g/� f i � /
471

472 /� cl osing stream and terminating functi on� /
473 f cl ose( Fi l e ) ;
474 pr i nt f ( ”%s was saved successf ul l y . nn” , fname) ;
475

476 /� terminating read� /
477 r etur n 0;
478 g
479

480 i nt SaveYUV(RGBframe �RGB, RGBframe � RGB2, YUVframe �YUV, YUVframe �YUV2, const char � fname,
481 const char � f i n , unsigned i nt width , unsigned i nt height , i nt width2 , i nt height2 ,
482 i nt � i f rame, unsigned i nt f f rame, i nt n, i nt h, i nt v , i nt bw, f l oat s, i nt noise ,
483 i nt degree, i nt t i l e )
484 f
485 /� defi ni ng l ocal var i ables� /
486 FILE � Fi l e;
487 i nt pi xel ;
488 i nt E = 0; /� er ror repor t � /
489 i nt cut = 0; /� f l ag for break loop� /
490

491 /� opening stream� /
492 Fi l e = fopen(fname, ”w” ) ;
493

494 /� checking for possibl e er ror � /
495 i f ( ! Fi l e)
496 f
497 pr i nt f ( ” nnCan not open f i l e n”%sn” f or wri ti ng!nn” , fname) ;
498 r etur n 1;
499 g/� f i � /
500

501 while( cut != 1)
502 f i f (� i f rame == fframe)
503 f cut = 1;
504 g/� f i � /
505

506 E= ReadFrame(YUV, f i n , i f rame, f frame, width , height , s) ;
507 i f (E != 0)
508 f r etur n 1;
509 g/� f i � /
510
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511 /� conver ting YUV� > RGB� /
512 YUVconverter(RGB, YUV, width , height ) ;
513

514 /� applying desi red edi ts� /
515 i f (n == 1)
516 f Negative(RGB, width , height ) ;
517 g/� f i � /
518 i f (h == 1)
519 f HFlip(RGB, width , height ) ;
520 g/� f i � /
521 i f (v == 1)
522 f VFlip(RGB, width , height ) ;
523 g/� f i � /
524 i f (bw == 1)
525 fBW(RGB, width , height ) ;
526 g/� f i � /
527 i f ( noise == 1)
528 f AddNoise(RGB, degree, width , height ) ;
529 g/� f i � /
530

531 /� i ncorporating r esi zi ng� /
532 i f (width2 != 0 j j height2 != 0)
533 f i f ( t i l e == 1)
534 f
535 /� defi ne RGB2 from RGB in t i l es� /
536 Ti l e(RGB, RGB2, width , height , width2 , height2 ) ;
537 g/� f i � /
538 el se
539 f
540 /� defi ne RGB2 from RGB for r esi zi ng� /
541 ADJres(RGB, RGB2, width , height , width2 , height2 ) ;
542 g/� esl e� /
543

544 YUVreconverter(RGB2, YUV2, width2 , height2 ) ;
545

546 /� al l ocati ng pi xel values to stream� /
547

548 for ( pi xel = 0; pi xel < height2 � width2; pi xel ++)
549 f f putc(YUV2� >Y[ pi xel ] , Fi l e) ;
550 g/� r of � /
551 for ( pi xel = 0; pi xel < ( height2 / 2) � (width2 / 2); pi xel ++)
552 f f putc(YUV2� >U[ pi xel ] , Fi l e) ;
553 g/� r of � /
554 for ( pi xel = 0; pi xel < ( height2 / 2) � (width2 / 2); pi xel ++)
555 f f putc(YUV2� >V[ pi xel ] , Fi l e) ;
556 g/� r of � /
557

558 g/� f i � /
559

560 el se
561 f
562 /� reconver t edi ted RGB� > YUV� /
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563 YUVreconverter(RGB, YUV, width , height ) ;
564

565 /� al l ocati ng pi xel values to stream� /
566

567 for ( pi xel = 0; pi xel < height � width; pi xel ++)
568 f f putc(YUV� >Y[ pi xel ] , Fi l e) ;
569 g/� r of � /
570 for ( pi xel = 0; pi xel < height /2� width/2; pi xel ++)
571 f f putc(YUV� >U[ pi xel ] , Fi l e) ;
572 g/� r of � /
573 for ( pi xel = 0; pi xel < height /2� width/2; pi xel ++)
574 f f putc(YUV� >V[ pi xel ] , Fi l e) ;
575 g/� r of � /
576

577 g/� esl e� /
578 g/� el ihw� /
579

580

581 /� checking for er ror � /
582 i f ( f error ( Fi l e) )
583 f
584 pr i nt f ( ” nnFi l e error whi le wri ti ng to f i l e!nn” ) ;
585 r etur n 2;
586 g/� f i � /
587

588 /� cl osing stream and terminating functi on� /
589 f cl ose( Fi l e ) ;
590 pr i nt f ( ”%s was saved successf ul l y . nn” , fname) ;
591

592 r etur n 0;
593 g
594

595 i nt ReadFrame(YUVframe �YUV, const char � fname, i nt � i f rame, i nt f f rame, unsigned i nt width ,
596 unsigned i nt height , f l oat s)
597 f
598 /� defi ni ng l ocal var i ables� /
599 FILE � Fi l e;
600 i nt pi xel ;
601 st at i c f l oat step ;
602 st at i c i nt count = 0;
603

604 /� opening f i l e stream� /
605 Fi l e = fopen(fname, ” r ” ) ;
606

607 /� checking er ror � /
608 i f ( ! Fi l e)
609 f
610 pr i nt f ( ” nnCan not open f i l e n”%sn” f or reading!nn” , fname) ;
611 r etur n 1;
612 g/� f i � /
613

614 pr i nt f ( ” step = %f , s = %f f f rame = %d and i f rame = %d in readnn” , step , s, f f rame, � i f rame ) ;
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615

616 /� defi ne YUV arrays� /
617 /� f i nd desi red frame� /
618 i f ( i f rame > 0)
619 f f seek ( Fi l e , 1.5 � (� i f rame) � width � height , SEEK SET) ;
620 g/� f i � /
621

622 for ( pi xel = 0; pi xel < height � width; pi xel ++)
623 f
624 YUV� >Y[ pi xel ] = f getc( Fi l e) ;
625 g/� r of � /
626 assert ( pi xel == ( height � width ) ) ;
627 for ( pi xel = 0; pi xel < height /2� width/2; pi xel ++)
628 f
629 YUV� >U[ pi xel ] = f getc( Fi l e) ;
630 g/� r of � /
631 assert ( pi xel == ( height � width / 4) ) ;
632 for ( pi xel = 0; pi xel < height /2� width/2; pi xel ++)
633 f
634 YUV� >V[ pi xel ] = f getc( Fi l e) ;
635 g/� r of � /
636 assert ( pi xel == ( height � width / 4) ) ;
637

638 /� checking for er ror � /
639 i f ( f error ( Fi l e) )
640 f
641 pr i nt f ( ” nnFi l e error whi le reading from f i l e!nn” ) ;
642 r etur n 2;
643 g/� f i � /
644

645 pr i nt f ( ”%s was read successf ul l y !nn” , fname) ;
646

647 i f ( count == 0)
648 f step = � i f rame;
649 g/� f i � /
650

651 /� deal ing wi th fol l owing frame determination� /
652 i f ( step > ( f f rame � s) && step < ( f f rame + s))
653 f� i f rame = fframe;
654 count = (� 1);
655 g/� f i � /
656

657 i f ( f f rame > � i f rame && fframe != � 1)
658 f step += s;
659 g/� f i � /
660

661 i f ( f f rame < � i f rame && fframe != � 1)
662 f step � = s;
663 g/� f i � /
664

665 i f ( count != (� 1))
666 f� i f rame = step + 0.5;
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667 g/� f i � /
668

669 count++;
670

671 /� cl osing stream and terminating� /
672 f cl ose( Fi l e) ;
673

674 r etur n 0;
675 g
676

677 i nt YUVconverter(RGBframe �RGB, YUVframe �YUV, unsigned i nt width , unsigned i nt height )
678 f
679 /� defi ni ng l ocal var i ables� /
680

681 i nt C, D, E; /� var i ables in conversion formulae� /
682 i nt count = 0; /� pi xel number in RGB and Y pointer s� /
683 i nt r , g, b; /� temporary var i ables� /
684 i nt reset = 1; /� f l ag for recounting a row for U and V pointer s� /
685 i nt slow count = 0; /� counter to establ i sh UV pi xel � /
686 i nt width count = 0; /� counter for r eset � /
687

688 while(count < height � width)
689 f i f (width count == width)
690 f reset += 1;
691 width count = 0;
692 g/� f i � /
693

694 i f ( reset == 2)
695 f slow count = slow count � width;
696 reset = 0;
697 g
698

699 assert ( ( slow count /2) < (width � height /4) ) ;
700

701 C = ( i nt )YUV� >Y[ count ] � 16;
702 D = ( i nt )YUV� >U[ slow count /2] � 128;
703 E = ( i nt )YUV� >V[ slow count /2] � 128;
704

705

706 /� defi ni ng intermediary var i ables� /
707 r = (298 � C + 409 � E + 128) >> 8;
708 g = (298 � C � 100 � D � 208 � E + 128) >> 8;
709 b = (298 � C + 516 � D + 128) >> 8;
710

711 /� passing intermediary values to global pointer s� /
712 RGB� >R[count ] = (unsigned char ) r ;
713 RGB� >G[ count ] = (unsigned char )g;
714 RGB� >B[ count ] = (unsigned char )b;
715

716 /� checking for byte over flow and i f so redefi ni ng to ei ther 0 or 255� /
717 i f ( r < 0)
718 fRGB� >R[count ] = 0;g
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719 i f ( r > 255)
720 fRGB� >R[count ] = 255;g
721 i f (g < 0)
722 fRGB� >G[ count ] = 0;g
723 i f (g > 255)
724 fRGB� >G[ count ] = 255;g
725 i f (b < 0)
726 fRGB� >B[ count ] = 0;g
727 i f (b > 255)
728 fRGB� >B[ count ] = 255;g
729

730 /� incrementing counters� /
731 slow count++;
732 count++;
733 width count++;
734

735 g/� el ihw� /
736

737 assert ( count == (width � height ) ) ;
738

739 /� terminating functi on� /
740 r etur n 0;
741 g
742

743 i nt YUVreconverter(RGBframe �RGB, YUVframe �YUV, unsigned i nt width , unsigned i nt height )
744 f
745 /� defi ni ng l ocal var i ables� /
746 i nt i , j ;
747 i nt y , u, v ;
748 i nt count = 0;
749

750 /� going through for loop to conver t each pi xel � /
751 for ( j = 0; j < height ; j ++)
752 f for ( i = 0; i < width; i ++)
753 f
754 /� defi ni ng intermediary y� /
755 y = (( 66 � RGB� >R[ i + width � j ] + 129 � RGB� >G[ i + width � j ] +
756 25 � RGB� >B[ i + width � j ] + 128) >> 8) + 16;
757

758 /� passing intermediary values to global pointer s� /
759 YUV� >Y[ count ] = (unsigned char )y ;
760

761 /� checking for byte over flow and i f so redefi ni ng to ei ther 0 or 255� /
762 i f (y < 0)
763 fYUV� >Y[ count ] = 0;
764 g/� f i � /
765 i f (y > 255)
766 fYUV� >Y[ count ] = 255;
767 g/� f i � /
768 count++;
769 g/� r of � /
770 g/� r of � /
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771

772 /� r ei ni t i al i zi ng counter � /
773 count = 0;
774

775 /� going through for loop to conver t each pi xel � /
776 for ( j = 0; j < height ; j +=2)
777 f for ( i = 0; i < width; i +=2)
778 f
779 /� defi ni ng intermediary u and v� /
780 u = (( (� 38) � RGB� >R[ i + width � j ] � 74 � RGB� >G[ i + width � j ] +
781 112 � RGB� >B[ i + width � j ] + 128) >> 8) + 128;
782 v = (( 112 � RGB� >R[ i + width � j ] � 94 � RGB� >G[ i + width � j ] �
783 18 � RGB� >B[ i + width � j ] + 128) >> 8) + 128;
784

785 /� passing intermediary values to global pointer s� /
786 YUV� >U[ count ] = (unsigned char )u;
787 YUV� >V[ count ] = (unsigned char )v ;
788

789 /� checking for byte over flow and i f so redefi ni ng to ei ther 0 or 255� /
790 i f (u < 0)
791 fYUV� >U[ count ] = 0;g
792 i f (u > 255)
793 fYUV� >U[ count ] = 255;g
794 i f (v < 0)
795 fYUV� >V[ count ] = 0;g
796 i f (v > 255)
797 fYUV� >V[ count ] = 255;g
798

799 count++;
800 g/� r of � /
801 g/� r of � /
802

803 pr i nt f ( ” reconversion done!nn” ) ;
804

805 /� terminating functi on� /
806 r etur n 0;
807 g
808

809 void ADJres(RGBframe �RGB, RGBframe � RGB2, i nt width , i nt height , i nt width2 , i nt height2)
810 f
811 i nt i , j ;
812 f l oat scalex = ( f l oat )width2 / ( f l oat )width;
813 f l oat scaley = ( f l oat ) height2 / ( f l oat ) height ;
814

815 for ( j =0; j < height2 ; j ++)
816 f for ( i =0; i < width2; i ++)
817 f assert ( ( i + width2 � j ) < height2 � width2) ;
818 assert ( ( ( i nt ) ( i / scalex ) + width � ( i nt ) ( j / scaley ) ) < width � height ) ;
819 assert ( ( i < width2) && ( j < height2 ) ) ;
820

821 RGB2� >R[ i + width2 � j ] = RGB� >R[ ( i nt ) ( i / scalex ) + width � ( i nt ) ( j / scaley ) ] ;
822 RGB2� >G[ i + width2 � j ] = RGB� >G[( i nt ) ( i / scalex ) + width � ( i nt ) ( j / scaley ) ] ;
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823 RGB2� >B[ i + width2 � j ] = RGB� >B[ ( i nt ) ( i / scalex ) + width � ( i nt ) ( j / scaley ) ] ;
824 g/� r of � /
825 g/� r of � /
826 g
827

828 void Ti l e(RGBframe �RGB, RGBframe � RGB2, i nt width , i nt height , i nt width2 , i nt height2)
829 f
830 i nt i , j , x , y ;
831 assert (width > 0);
832 assert ( height > 0);
833

834 for ( j =0, y=0; j < height2 ; j ++, y++)
835 f for ( i =0, x=0; i < width2; i ++, x++)
836 fRGB2� >R[ i + width2 � j ] = RGB� >R[x + width � y ] ;
837 RGB2� >G[ i + width2 � j ] = RGB� >G[x + width � y ] ;
838 RGB2� >B[ i + width2 � j ] = RGB� >B[x + width � y ] ;
839

840 i f (x + 1 == width)
841 f x = 0;
842 g/� f i � /
843 i f (y + 1 == height )
844 f y = 0;
845 g/� f i � /
846

847 g/� r of � /
848 g/� r of � /
849 g
850

851 /� reverse image color � /
852 void Negative(RGBframe �RGB, unsigned i nt width , unsigned i nt height )
853 f
854 /� defi ni ng l ocal var i ables� /
855 i nt i =0, j =0;
856

857 /� r edefi ni ng pi xel s� /
858 for ( i =0; i < width; i ++)
859 f for ( j =0; j < height ; j ++)
860 fRGB� >R[ i + width � j ] = 255 � RGB� >R[ i + width � j ] ;
861 RGB� >G[ i + width � j ] = 255 � RGB� >G[ i + width � j ] ;
862 RGB� >B[ i + width � j ] = 255 � RGB� >B[ i + width � j ] ;
863 g/� r of � /
864 g/� r of � /
865

866 /� di splaying completion� /
867 pr i nt f ( ” n” Negativen” i s done!nn” ) ;
868 g
869

870 /� f l i p image hor i zontal l y � /
871 void HFlip(RGBframe �RGB, unsigned i nt width , unsigned i nt height )
872 f
873 /� defi ni ng l ocal var i ables� /
874 i nt i , j , temp;
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875

876 /� r edefi ni ng pi xel s� /
877 for ( j =0; j < height ; j ++)
878 f for ( i =0; i < width/2; i ++)
879 f temp = RGB� >R[ i + width � j ] ;
880 RGB� >R[ i + width � j ] = RGB� >R[ ( width � i � 1) + width � j ] ;
881 RGB� >R[ ( width � i � 1) + width � j ] = temp;
882

883 temp = RGB� >G[ i + width � j ] ;
884 RGB� >G[ i + width � j ] = RGB� >G[( width � i � 1) + width � j ] ;
885 RGB� >G[ ( width � i � 1) + width � j ] = temp;
886

887 temp = RGB� >B[ i + width � j ] ;
888 RGB� >B[ i + width � j ] = RGB� >B[ ( width � i � 1) + width � j ] ;
889 RGB� >B[ ( width � i � 1) + width � j ] = temp;
890 g/� r of � /
891 g/� r of � /
892

893 /� desplaying completion� /
894 pr i nt f ( ” n” Horizontal Fl i pn” i s done!nn” ) ;
895 g
896

897 void VFlip(RGBframe �RGB, unsigned i nt width , unsigned i nt height )
898 f
899 /� defi ni ng l ocal var i ables� /
900 i nt i , j , temp;
901

902 /� r edi f i ni ng pi xel s� /
903 for ( j =0; j < height /2; j ++)
904 f for ( i =0; i < width; i ++)
905 f temp = RGB� >R[ i + width � j ] ;
906 RGB� >R[ i + width � j ] = RGB� >R[ i + width � ( height � j � 1) ] ;
907 RGB� >R[ i + width � ( height � j � 1)] = temp;
908

909 temp = RGB� >G[ i + width � j ] ;
910 RGB� >G[ i + width � j ] = RGB� >G[ i + width � ( height � j � 1) ] ;
911 RGB� >G[ i + width � ( height � j � 1)] = temp;
912

913 temp = RGB� >B[ i + width � j ] ;
914 RGB� >B[ i + width � j ] = RGB� >B[ i + width � ( height � j � 1) ] ;
915 RGB� >B[ i + width � ( height � j � 1)] = temp;
916 g/� r of � /
917 g/� r of � /
918

919 /� di splaying completion� /
920 pr i nt f ( ” n” V erti cal Fl i pn” i s done!nn” ) ;
921 g
922

923 void BW(RGBframe �RGB, unsigned i nt width , unsigned i nt height )
924 f
925 /� defi ni ng l ocal var i ables� /
926 i nt i , j , avg;
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927

928 /� r edefi ni ng pi xel s� /
929 for ( j =0; j < height ; j ++)
930 f for ( i =0; i < width; i ++)
931 f avg = (RGB� >R[ i + width � j ] + RGB� >G[ i + width � j ] + RGB� >G[ i + width � j ] ) / 3;
932

933 RGB� >R[ i + width � j ] = avg;
934 RGB� >G[ i + width � j ] = avg;
935 RGB� >B[ i + width � j ] = avg;
936 g/� r of � /
937 g/� r of � /
938

939 /� di splaying completion� /
940 pr i nt f ( ” n” Black & Whiten” i s done!nn” ) ;
941 g
942

943 void AddNoise(RGBframe �RGB, i nt degree, i nt width , i nt height )
944 f
945 i nt count ;
946 i nt pi xel ;
947

948 srand( time(0) ) ;
949

950 unsigned i nt si ze = width � height ;
951

952 count = (degree � si ze) / 100;
953

954 while(count > 0)
955 f pi xel = rand() % si ze;
956

957 i f ( count % 2 == 1)
958 fRGB� >R[ pi xel ] = 0;
959 RGB� >G[ pi xel ] = 0;
960 RGB� >B[ pi xel ] = 0;
961 g/� f i � /
962

963 el se
964 fRGB� >R[ pi xel ] = 255;
965 RGB� >G[ pi xel ] = 255;
966 RGB� >B[ pi xel ] = 255;
967 g/� esl e� /
968 count� � ;
969 g/� el ihw� /
970

971 pr i nt f ( ” n”Add Noisen” operation done!nn” ) ;
972 g
973

974 void pri ntopti ons(void)
975 f
976 pr i nt f ( ” nnFormat on command l i ne i s:nn”
977 ”YUV < base f i l e name> < options...> nn”
978 ” nnPossible options include:nn”
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979 ”� i < input f i l e>ntntntnt to change input f i l e namenn”
980 ”� o < output f i l e>ntntnt to change output f i l e namenn”
981 ”� f < i ni t i al frame> < f i nal frame>nt to create a YUV stream from ”
982 ” designated i ni t i al frame to f i nal framenn”
983 ”� f < frame>ntntntnt to create a ppm from the frame sel ectednn”
984 ”� r <width> < height>ntntnt to designate input f i l e resel ut i on . ”
985 ” Defaul t i s 352 x 288nn”
986 ”� r2 <width> < height> <� t>ntnt to designate output f i l e resol ut i on . ”
987 ” Defaul t i s i nput resol ut i on . Possibly add t i l i ngnn”
988 ”� s < step si ze>ntntntnt to determine how many frames desi red per frame ”
989 ” i n the input streamnn”
990 ”� nntntntntnt to act i vate the conversion to negati venn”
991 ”� hfntntntntnt to act i vate hori zontal f l i pnn”
992 ”� vfntntntntnt to act i vate ver t i cal f l i pnn”
993 ”� bwntntntntnt to act i vate the conversion to black and whitenn”
994 ”� noise < percent noise>ntntnt to cause a percentage of whi te and black ”
995 ” pi xel at i onnn” ) ;
996 g
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