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[bookmark: _Toc340224443]General Information

[bookmark: _Toc340224444]System Overview
This document contains a detailed description of the usage of the IVC reference software, and more specifically version 3.0. This includes information about the encoder and decoder input parameters, syntax, compilation issues, module description, and additional information with regards to best usage and configuration of this software.
The ITM software is the official reference software for the following IVC profiles:
1. Baseline profile

[bookmark: _Toc340224445]Project References
It is recommended that the users of this software obtain a copy of the ISO/IEC JTC1/SC29/WG11 ITM3.0 recommendation for full understanding of the capabilities and specifics of the standard.  For further info, users may access the ITU web site at www.itu.int or the ISO web site at www.iso.int.

[bookmark: _Toc340224446]Authorized Use Permission
The software package contains a text file and source code header comments containing disclaimer text that describes the terms associated with the use of the software and clarifying its copyright and patent rights status.

[bookmark: _Toc340224447]Points of Contact

[bookmark: _Toc483199239][bookmark: _Toc340224448][bookmark: _Toc262564065]	Information
For general inquiries with regards to the IVC standard users may contact Dr. Ronggang Wang(rgwang@pkusz.edu.cn). Certain information can also be provided through the ITU (www.itu.int) and ISO (www.iso.int) websites. Information pertinent to the reference software should be directed to the reference software coordinators (see Section 1.3.2).

[bookmark: _Toc91326110][bookmark: _Toc91326328][bookmark: _Toc93291194][bookmark: _Toc91326111][bookmark: _Toc91326329][bookmark: _Toc93291195][bookmark: _Toc483199240][bookmark: _Toc340224449][bookmark: _Toc262564066][bookmark: _Ref234062075]	Coordination
Software coordination is performed by Peking University, Tsinghua University and Zhejiang University. For further information on key contributors to the reference software implementation please check the files “contributors.h” within the reference software package.

[bookmark: _Toc340224450][bookmark: _Toc262564067]	Bug Reporting

[bookmark: _Toc340224451][bookmark: _Toc262564068]Acronyms and Abbreviations
[bookmark: _Toc340224452] IVC: 		Internet Video Codec
[bookmark: _Toc340224453]FFS:		Fast Full Search
[bookmark: _Toc340224454]FME: 		Fast Motion Estimation
[bookmark: _Toc340224455]GOP:		Group of Pictures
[bookmark: _Toc340224456]MB: 		Macroblock
[bookmark: _Toc340224457]Pel:			Pixel
[bookmark: _Toc340224458]PSNR:		Peak Signal to Noise Ratio
[bookmark: _Toc340224459]SAD:		Sum of Absolute Differences
[bookmark: _Toc340224460]SATD:		Sum of Absolute Transformed Differences
[bookmark: _Toc340224461]SSE:		Sum of Square Errors
[bookmark: _Toc340224462]SSIM:		Structural Similarity Index
[bookmark: _Toc340224463]UMHex:	Uneven Multi-Hexagon search
[bookmark: _Toc340224464]RD		Rate Distortion
[bookmark: _Toc340224465]BBV		Bit stream Buffer Verifier
[bookmark: _Toc340224466]RDO		Rate Distortion Optimization

[bookmark: _Toc340224467]Installation and Compilation

0. [bookmark: _Toc262564071][bookmark: _Toc340224468]Windows using MS Visual Studio 2008
The software package contains a workspace named “ITM3.0.sln” for Visual Studio 2008 (v8). The user should select the appropriate solution according to his/her package. These workspaces include the following two projects:
lencod	ITM reference encoder
ldecod	ITM reference decoder
Select the desired project and the appropriate compilation mode, i.e. “Debug” or “Release”.  Compilation will create the binaries “lencod.exe” or  “ldecod.exe” in the “bin” directory. 
For compile time settings and options see section 5 and 8.
[bookmark: _Toc164437796]Please note that the software package does not provide support for Visual Studio 6..

[bookmark: _Toc340224469]Using the Encoder Module

[bookmark: _Toc340224470]Encoder Syntax
This section provides a detailed description of the ITM encoder’s usage. 

0. [bookmark: _Toc262564074][bookmark: _Toc340224471]Encoder Syntax
lencod 	[-f curenc1.cfg]}	
			{[-p EncParam1=EncValue1]...[-p EncParamM=EncValueM]}
	Options:

	-f
	Read <curencM.cfg> for resetting selected encoder parameters.
Multiple files could be used that set different parameters.

	-p
	Set parameter <EncParamM> to <EncValueM>. The entry for <EncParamM> is case insensitive.


See section 4 for a description of all parameters.
Supported video file formats:
The software supports both planar and interleaved/packed raw image data (8 sample inputs). Furthermore, support is provided for concatenated (all video frames in a single file) files.
Examples of usage:
lencod.exe
lencod.exe	-f	curenc1.cfg
lencod.exe	-f	curenc1.cfg –p InputFile="e:\data\container_qcif_30.yuv"\	
				-p 	SourceWidth=176 -p SourceHeight=144
lencod.exe	-f curenc1.cfg -p FramesToBeEncoded=30 \	
				-p QPFirstFrame=28 -p QPRemainingFrame=28 -p QPBPicture=30

[bookmark: _Toc340224472]Encoder Output
When running the encoder, the encoder will display on screen rate/distortion statistics for every frame coded. Cumulative results will also be presented. The output information generated may look as follows depending on the setting of the Verbose input parameter:
Parsing Configfile bin/encoder.cfg..........................................

-----------------------------------------------------------------------------
 Input YUV file                    : E:\sequence\normal\foreman_cif.yuv
 Output IVC bitstream              : test.bit
 Output YUV file                   : test_rec.yuv
 Output log file                   : log.dat
 Output statistics file            : stat.dat
-----------------------------------------------------------------------------
 Frame   Bit/pic   QP   SnrY    SnrU    SnrV    Time(ms)  FRM/FLD  IntraMBs
Sequence Header
  0(I)     58712   35 35.9863 40.5393 42.8833    343       FRM
proportion=0.000,not extended P coding
  1(P)      7056   37 35.3975 40.5299 42.7380    422       FRM      10
  2(P)      9240   37 35.2133 40.4844 42.6609    407       FRM      20
  3(P)      9736   37 35.1670 40.3672 42.5955    422       FRM      24
  4(P)     10032   37 35.1371 40.3998 42.5078    422       FRM      11
Sequence End
-----------------------------------------------------------------------------
 Freq. for encoded bitstream       : 60
 Hadamard transform                : Used
 Image (Encoding) format             : 352x288
 Image (Recon) format                : 352x288
 Error robustness                  : Off
 Fast Motion Estimation            : On
 Search range                      : 64
 Num of ref. frames used in P pred : 1
 Total encoding time for the seq.  : 2.016 sec
 Sequence type                     : IPPP (QP: I 35, P 37)
 Entropy coding method             : AEC
 RD-optimized mode decision        : used
------------------ Average data all frames  ---------------------------------
 SNR Y(dB)                         : 35.38
 SNR U(dB)                         : 40.46
 SNR V(dB)                         : 42.68
 Total bits                        : 94808 (I 58712, P 36096)
 Bit rate (kbit/s)  @ 60.00 Hz     : 1137.70
 Bits to avoid Startcode Emulation : 0
 Bits for parameter sets           : 0
-----------------------------------------------------------------------------
Exit ITM3.0 3.0 encoder ver 0.1 20121025
请按任意键继续. . . 

The generated statistics in the above list represent the following information. Note that availability of the fields depends on the Verbose Mode currently used(see section 4.1.33):
	Name
	Format
	Purpose
	Verbose Mode

	Frame
	%04d($Type)
	Frame Display Order and Type
	All

	Bit/pic
	%8d
	Allocated bits for current frame
	All

	QP
	%2d
	Frame Quantization value
	All

	SnrY    
	%7.3f
	Luma Y PSNR
	All

	SnrU    
	%7.3f
	Chroma U PSNR
	All

	SnrV    
	%7.3f
	Chroma V PSNR
	All

	Time(ms) 
	%7d
	Total encoding time for frame 
	All

	Frm/Fld  
	FLD|FRM
	Picture coding mode 
	All

	IntraMBs
	%3d
	Intra Coded Macroblocks
	Detailed/Extended


[bookmark: _Toc340224473]
Encoder Limitations
At this point, the encoder is characterized by certain limitations which may limit its usage. In particular, some items that have been identified as being problematic or not properly supported in the software include:
•	The currently provided Rate Control is not a state of the art scheme and its slow adaptation speed can result in the encoder not properly achieving the target bit rate for short sequences. 
•	Adaptive coding structures, i.e. creating Hierarchical groups of pictures of different length and with different coding/type arrangements, are not supported
•	Redundant picture encoding works only with some settings

[bookmark: _Toc340224474]Encoder Parameters

[bookmark: _Toc262564078][bookmark: _Toc340224475]File Input/Output Related Parameters

[bookmark: _Toc340224476]InputFile 
Input sequence, YUV 4:2:0

[bookmark: _Toc340224477]InputHeaderLength 
If the inputfile has a header, state it's length in byte here 

[bookmark: _Toc340224478]FramesToBeEncoded 
Number of frames to be coded

[bookmark: _Toc340224479]SourceWidth
Image width  in Pels, must be multiple of 16

[bookmark: _Toc340224480]SourceHeight
Image height in Pels, must be multiple of 16

[bookmark: _Toc340224481]TraceFile
Trace file setting

[bookmark: _Toc340224482]ReconFile 
File name for the reconstructed data 

[bookmark: _Toc340224483]OutputFile 
File name for the output stream

[bookmark: _Toc262564113][bookmark: _Toc340224484]Primary Control Parameters

[bookmark: _Toc340224485]ProfileID
Profile ID ( 32(0x20): Baseline Profile

[bookmark: _Toc340224486]LevelID
Level ID   (16: 2.0;  32: 4.0;   64: 6.0)

[bookmark: _Toc340224487]IntraPeriod 
Period of I-Frames (0=only first)

[bookmark: _Toc340224488]VECPeriod 
Period of VEC, distance between two sequence headers   (0=doesn't exist at the bitstream)

[bookmark: _Toc340224489]SeqHeaderPeriod 
Period of Sequence Header, Number of IntraPeriod  (0=only first)

[bookmark: _Toc340224490]QPFirstFrame 
Quant. param for first frame (intra) (0-63)

[bookmark: _Toc340224491]QPRemainingFrame
Quant. param for remaining frames (0-63)

[bookmark: _Toc340224492]QPBPicture
Quant. param for B frames (0-63)

[bookmark: _Toc340224493]UseHadamard
Hadamard transform (0=not used, 1=used)

[bookmark: _Toc340224494]FME
Fast Motion Estimation (0=disable, 1=UMHexagonS)

[bookmark: _Toc340224495]SearchRange
Max search range

[bookmark: _Toc340224496]NumberReferenceFrames
Number of previous frames used for inter motion search (1-5)

[bookmark: _Toc340224497]RDOptimization
rd-optimized mode decision (0:off, 1:on)

[bookmark: _Toc262564172][bookmark: _Toc340224498]Inter/Intra Mode Prediction Control

[bookmark: _Toc340224499]InterSearch16x16
Inter block search 16x16 (0=disable, 1=enable)

[bookmark: _Toc340224500]InterSearch8x8
Inter block search  8x8  (0=disable, 1=enable)

[bookmark: _Toc262564243][bookmark: _Toc340224501]B Pictures and CodingStructure

[bookmark: _Toc340224502]NumberBFrames
Number of B frames inserted (0=not used)

[bookmark: _Toc340224503]PSubType
using non-reference P frame coding(0: disable, 1: enable)

[bookmark: _Toc340224504]PSubQPDelta0
Quantization parameter for the first kind of sub p frame between the two kinds of sub p frames

[bookmark: _Toc340224505]PSubQPDelta1
Quantization parameter for the second kind of sub p frame between the two kinds of sub p frames

[bookmark: _Toc340224506]RDO_Q
using rate distortion optimization on quantization(0: disable, 1: enable) 

[bookmark: _Toc262564276][bookmark: _Toc340224507]Output Control/Entropy Coding, NALs

[bookmark: _Toc340224508]OutPutEncPic 
Dump the decoded out picture

[bookmark: _Toc340224509]SymbolMode
Entropy coding method  # Symbol mode (Entropy coding method: 0=UVLC, 1=AEC)


[bookmark: _Toc340224510]Rate Control

[bookmark: _Toc340224511]RateControlEnable  
0 Disable, 1 Enable

[bookmark: _Toc340224512]Bitrate
768000   # Bitrate(bps)

[bookmark: _Toc340224513]InitialQP
40   # Initial Quantization Parameter for the first I frame
# InitialQp depends on two values: Bits Per Pictureand the GOP length

[bookmark: _Toc340224514]BasicUnit
 1620  # Number of MBs in the basic unit
should be a fractor of the total number of MBs in a frame
ChannelType          =     0    # type of channel( 1=time varying channel; 0=Constant channel)

[bookmark: _Toc340224515]Others

[bookmark: _Toc340224516]NumberOfRowsInSlice 
number of MB rows in one Slice  (0: one slice per frame)

[bookmark: _Toc340224517]BBS_size            
bbv buffer size (bits)              

[bookmark: _Toc340224518]BbvMode             
bbv buffer mode (0=neither 0xFFFF nor 0xFFFFFF, 1=0xFFFF or 0xFFFFFF)  

[bookmark: _Toc340224519]Hardcoded Encoder Parameters

[bookmark: _Toc340224520]defines.h
Although encoder behaviour is mainly controlled through the parameters provided in section 4, additional hardcoded parameters within the reference software could also modify its behaviour. This includes the generation of tracing and output information, and algorithmic considerations.
	TRACE
	:
	0:Trace off 1:Trace on

	FastME
	:
	Fast Motion Esitimation

	IVC_PROFILE
	:
	Defines tools and modification for IVC codec

	BASELINE_PROFILE_ID
	:
	Decoding flag for IVC codec

	P_SUB_TYPE
	:
	Non-reference P frame Enable macro

	HPGOPSIZE
	:
	The period for One type of Non-reference P frame

	L1_IMG
	:
	The L1-Type Non-reference P frame

	L2_IMG
	:
	The L2-Type Non-reference P frame

	L3_IMG
	:
	The L3-Type Non-reference P frame

	RDO_Q
	:
	Enable RD optimization quantization.

	LUMA_8x8
	:
	8x8 block Luma coefficient threshold cost.

	CHROMA_DC
	:
	Context Value for AC of Chroma DC coefficience

	CHROMA_AC _
	:
	Context Value for AC of Chroma AC coefficience

	NUM_BLOCK_TYPES
	:
	Number of block types

	_LUMA_COEFF_COST_
	:
	threshold for calculating the cost luma coeffs

	IMG_PAD_SIZE
	:
	Number of pixels padded around the reference frame (>=4)

	MAX_VALUE
	:
	used for start value for some variables

	B8_SIZE
	:
	Utilize integer divides for distortion computation

	P8x8    
	:
	8x8 inter prediction type

	I8MB   
	:
	8x8 intra prediction type

	MAXMODE
	:
	max number of  prediction modes

	MIN_QP
	:
	Enable check for distortion cost overflows

	MAX_QP
	:
	Enable parallel deblocking (OpenMP based)

	SHIFT_QP
	:
	The minus QP for finding QP table from QP parameter

	INTRA_IMG
	
	I frame type

	INTER_IMG
	
	P frame type

	B_IMG
	
	B frame type

	BLOCK_SIZE
	
	size of width or height  for a block

	MB_BLOCK_SIZE
	
	size of width or height  for a macro block

	BLOCK_MULTIPLE
	
	Number of blocks in height or width for a macroblock.

	DC_PRED
	
	8x8 luma intra prediction modes


[bookmark: _Toc164436542][bookmark: _Toc164438106][bookmark: _Toc164436545][bookmark: _Toc164438109][bookmark: _Toc340224521]
global.h
	IMG_NUMBER
	:
	Represent the variable number of struct Img, Img->number

	NUM_MB_TYPE_CTX  11
	:
	number of context for Mb type 

	NUM_B8_TYPE_CTX  9
	
	number of context for sub block 8x8 type

	NUM_MV_RES_CTX   10
	:
	number of context for motion vector residual 

	NUM_DELTA_QP_CTX 4
	:
	number of context for delta QP

	NUM_CBP_CTX 
	
	number of context for CBP

	I_PICTURE_START_CODE    
	
	Start code for I frame

	PB_PICTURE_START_CODE   
	
	Start code for P/B frame

	SLICE_START_CODE_MIN    
	
	Minimum start code

	SLICE_START_CODE_MAX    
	
	Maximum start code

	USER_DATA_START_CODE    
	
	User data start code

	SEQUENCE_HEADER_CODE    
	
	Sequence header code

	EXTENSION_START_CODE    
	
	Extension data start code

	SEQUENCE_END_CODE       
	
	Sequence end code



[bookmark: _Toc340224522]Using the Decoder Module

[bookmark: _Toc262564471][bookmark: _Toc340224523]Decoder Syntax
ldecod 	[defdec.cfg] 	
			[bitstream.bit][output.yuv][reference.yuv][RefBuffers][loop_filter] [yuv_structure][BBV_check]
	Options:

	
	[defdec.cfg]
	Optional decoder config file containing all decoder information.

	InputFIle
	bitstream.bit
	Read <curencM.cfg> for resetting selected decoder parameters.
Multiple files could be used that set different parameters.

	OutputFile
	output.yuv
	Decode file <bitstream >. Default is set to test.bit.

	RefFile
	reference.yuv
	Reconstructed file name is set to <output.yuv>. Default is test_dec.yuv

	
	RefBuffers
	Number of reference frame buffers, for memory managemnt only

	
	loop_filter
	loopfilter disable(0: filter, 1: no loopfilter)

	
	yuv_structure
	Reference frame's YUV Structure(0: YUV, 1: U0Y0 V0Y1)

	
	BBV_check
	Check BBV buffer when CBR in encoder is used ( 0: disable, 1: enable)



Examples of usage:
ldecod.exe
ldecod.exe default.cfg
ldecod.exe bitstream.264 –o output.yuv –r reference.yuv 2 0 0 1
[bookmark: _Toc262564472][bookmark: _Toc340224524]
Decoder Configuration File Format
The decoder format was recently modified to enable higher flexibility and to basically resemble the format of that of the encoder. The parameters allowed now are as follows:

0.1.1 [bookmark: _Toc259665468][bookmark: _Toc262564473][bookmark: _Toc340224525]InputFile
Class: Text
Description: Input bitstream file name. Name could include file path. 
Note: For Unix/Linux based systems directories should be separated using a backslash “\”, while for DOS\Windows systems, directories should be separated using a forward slash “/”.

0.1.2 [bookmark: _Toc259665469][bookmark: _Toc262564474][bookmark: _Toc340224526]OutputFile
Class: Text
Description: Decoder output filename. The output will be a raw video file in either YUV or RGB format. 

0.1.3 [bookmark: _Toc259665470][bookmark: _Toc262564475][bookmark: _Toc340224527]RefFile
Class: Text
Description: Reference input file for distortion (PSNR) computations.

[bookmark: _Toc340224528]Decoder Output
When running the decoder, the decoder will display on screen rate/distortion statistics for every frame coded. Cumulative results will also be presented. The output information generated may look as follows:
--------------------------------------------------------------------------
 Decoder config file                    : e:\MPEG-Shanghai\ITM3.0\bin\ldecod.exe
--------------------------------------------------------------------------
 Input IVC bitstream                    : test.bit
 Output decoded YUV 4:2:0               : test_dec.yuv
 Output status file                     : log.dec
 Input reference file                   : test_rec.yuv
--------------------------------------------------------------------------
 Frame   TR    QP   SnrY    SnrU    SnrV   Time(ms)   FRM/FLD  Bits  EmulateBits
Sequence Header
  0(I)    0    35  0.0000  0.0000  0.0000     0         FRM        0      0
  1(P)    0    37  0.0000  0.0000  0.0000    16         FRM        0      0
  2(P)    0    37  0.0000  0.0000  0.0000    16         FRM        0      0
  3(P)    0    37  0.0000  0.0000  0.0000    15         FRM        0      0
  4(P)    0    37  0.0000  0.0000  0.0000    16         FRM        0      0

min bbv_buffer_size in bitstream is 1


min bbv_buffer_size in bitstream is 0
min initial bbv_delay(0) time is -1.#IND(s)
Sequence End

Second(s)       Bitrate(bit/s)
   0             32
-------------------- Average SNR all frames ------------------------------
 SNR Y(dB)           :  0.00
 SNR U(dB)           :  0.00
 SNR V(dB)           :  0.00
 Total decoding time : 0.063 sec
--------------------------------------------------------------------------
 Exit ITM3.0 3.0 decoder, ver ITM 3.0
请按任意键继续. . .

The generated statistics in the above list represent the following information:
	Name
	Format
	Purpose

	Frame
	%05d($Type)
	Frame Display Order and Type

	TR
	%3d
	Frame_num associated with current frame

	QP
	%5d
	Frame Quantization value

	SnrY    
	%7.4f
	Luma Y PSNR. If value is equal to 0.000 then reference is either not available or is identical to reconstructed.

	SnrU    
	%7.4f
	Chroma U PSNR. If value is equal to 0.000 then reference is either not available or is identical to reconstructed. 

	SnrV    
	%7.4f
	Chroma V PSNR. If value is equal to 0.000 then reference is either not available or is identical to reconstructed.

	Time(ms)
	%5d
	Total decoding time for frame

	FRM/FLD
	
	Frame or field



[bookmark: _Toc340224529]Hardcoded Decoder Parameters

[bookmark: _Toc340224530]defines.h
Although encoder behaviour is mainly controlled through the parameters provided in section 4, additional hardcoded parameters within the reference software could also modify its behaviour. This includes the generation of tracing and output information, and algorithmic considerations
	IVC_PROFILE
	:
	Defines tools and modification for IVC codec

	BASELINE_PROFILE_ID
	:
	Decoding flag for IVC codec

	P_SUB_TYPE
	:
	Non-reference P frame Enable macro

	HPGOPSIZE
	:
	The period for One type of Non-reference P frame

	RDO_Q
	:
	Enable RD optimization quantization.

	LUMA_8x8
	:
	8x8 block Luma coefficient threshold cost.

	CHROMA_DC
	:
	Context Value for AC of Chroma DC coefficience

	CHROMA_AC _
	:
	Context Value for AC of Chroma AC coefficience

	NUM_BLOCK_TYPES
	:
	Number of block types

	MAX_VALUE
	:
	Used for largest distortion in block search

	B8_SIZE
	:
	Utilize integer divides for distortion computation

	P8x8    
	:
	8X8 inter prediction type

	I8MB   
	:
	8x8 intra prediction type

	MAXMODE
	:
	 max number of  prediction modes

	MIN_QP
	:
	Enable check for distortion cost overflows

	MAX_QP
	:
	Enable parallel deblocking (OpenMP based)

	BLOCK_SIZE
	
	size of width or height  for a block

	MB_BLOCK_SIZE
	
	size of width or height  for a macro block

	BLOCK_MULTIPLE
	
	Number of blocks in height or width for a macroblock.

	DC_PRED
	
	8x8 luma intra prediction modes



[bookmark: _Toc340224531]configfile.h

[bookmark: _Toc340224532][bookmark: _Toc262564467]	global.h
	IMG_NUMBER
	:
	Represent the variable number of struct Img, Img->number

	NUM_MB_TYPE_CTX  11
	:
	number of context for Mb type 

	NUM_B8_TYPE_CTX  9
	
	number of context for sub block 8x8 type

	NUM_MV_RES_CTX   10
	:
	number of context for motion vector residual 

	NUM_DELTA_QP_CTX 4
	:
	number of context for delta QP

	NUM_CBP_CTX 
	
	number of context for CBP

	I_PICTURE_START_CODE    
	
	Start code for I frame

	PB_PICTURE_START_CODE   
	
	Start code for P/B frame

	SLICE_START_CODE_MIN    
	
	Minimum start code

	SLICE_START_CODE_MAX    
	
	Maximum start code

	USER_DATA_START_CODE    
	
	User data start code

	SEQUENCE_HEADER_CODE    
	
	Sequence header code

	EXTENSION_START_CODE    
	
	Extension data start code

	SEQUENCE_END_CODE       
	
	Sequence end code



[bookmark: _Toc340224533]System Generation Reports/Output. 
The Encoder and Decoder modules generate various reports that could be used for analysis purposes. 

0. [bookmark: _Toc340224534][bookmark: _Toc262564492]	stat.dat
File provides summary statistics for all simulations initiated within the current directory. This includes certain input parameters, PSNR values, bitrate, encoding duration etc. In more detail, the parameters shown in this file are: 
	Name
	Format
	Purpose
	Verbose Mode

	Frame
	%04d($Type)
	Frame Display Order and Type
	All

	Bit/pic
	%8d
	Allocated bits for current frame
	All

	QP
	%2d
	Frame Quantization value
	All

	SnrY    
	%7.3f
	Luma Y PSNR
	All

	SnrU    
	%7.3f
	Chroma U PSNR
	All

	SnrV    
	%7.3f
	Chroma V PSNR
	All

	Time(ms) 
	%7d
	Total encoding time for frame 
	All

	Frm/Fld  
	FLD|FRM
	Picture coding mode 
	All

	IntraMBs
	%3d
	Intra Coded Macroblocks
	Detailed/Extended


[bookmark: _Toc164438124][bookmark: _Toc262564493][bookmark: _Toc340224535]
StatsFile description (stats.dat)
This file contains information about the encoded sequence, such as statistics about the macroblock types used for each different slice type, distortion information, the last encoded sequence.  An example stat.dat file could look as follows:


 -------------------- DEBUG_INFO_START -------------------- 
  0(I)     58712   35 35.9863 40.5393 42.8833    343            0      FRM
  1(P)      7056   37 35.3975 40.5299 42.7380    422         10
  2(P)      9240   37 35.2133 40.4844 42.6609    407         20
  3(P)      9736   37 35.1670 40.3672 42.5955    422         24
  4(P)     10032   37 35.1371 40.3998 42.5078    422         11

 ------------------ Average data all frames  ------------------------------
 SNR Y(dB)                         : 35.38
 SNR U(dB)                         : 40.46
 SNR V(dB)                         : 42.68
 Total bits                        : 94808 (I 58712, P BS 36096, B 0) 
 Bit rate (kbit/s)  @ 60.00 Hz     : 1137.70
 -------------------------------------------------------------- 
  This file contains statistics for the last encoded sequence   
 -------------------------------------------------------------- 
 Sequence                     : E:\sequence\normal\foreman_cif.yuv
 No.of coded pictures         :    5
 Freq. for encoded bitstream  :   60
 Bitrate(kb/s)                : 1137.70
 Hadamard transform           : Used
 Image format                 : 352x288
 Error robustness             : Off
 Search range                 : 64
 No of frame used in P pred   : 1
 Entropy coding method        : AEC
 Search range restrictions    : none
 RD-optimized mode decision   : used
 -------------------|---------------|---------------|
     Item           |     Intra     |   All frames  |
 -------------------|---------------|---------------|
 SNR Y(dB)          | 35.99         | 35.38         |
 SNR U/V (dB)       | 40.54/42.88   | 40.46/42.68   |
 Average quant      |    35         | 37.00         |

 -------------------|---------------|
   Intra            |   Mode used   |
 -------------------|---------------|

 -------------------|---------------|-----------------|
   Inter            |   Mode used   | MotionInfo bits |
 -------------------|---------------|-----------------|
 Mode  0  (skip)    |   619         |        0.00     |
 Mode  1  (16x16)   |   726         |     1640.25     |
 Mode  2  (16x8)    |     0         |        0.00     |
 Mode  3  (8x16)    |     0         |        0.00     |
 Mode  4  (8x8)     |   174         |     1176.00     |

 --------------------|----------------|----------------|----------------|
  Bit usage:         |      Intra     |      Inter     |    B frame     |
 --------------------|----------------|----------------|----------------|
 Seq heaer           |     936.00              |
 Seq End             |      32.00              |
 Slice Header        |      34.00     |      40.00     |       0.00     |
 Header              |      70.00     |      72.00     |       0.00     |
 Mode                |       0.00     |     659.50     |       0.00     |
 Motion Info         |        ./.     |    2816.25     |       0.00     |
 CBP Y/C             |    1673.00     |     883.25     |       0.00     |
 Coeffs. Y           |   52623.00     |    4347.25     |       0.00     |
 Coeffs. C           |    3348.00     |     173.50     |       0.00     |
 Delta quant         |       0.00     |       0.00     |       0.00     |
 Stuffing Bits       |       8.00     |       8.00     |       0.00     |
 --------------------|----------------|----------------|----------------|
 average bits/frame  |   57722.00     |    8959.75     |       0.00     |.
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0. Encoder Structure
The encoder structure is described as follow:



[bookmark: _Toc339893688][bookmark: _Toc340224538]Encoder Modules

0.3.1 [bookmark: _Toc340224539]Configure
This module parses the encode parameters imported from the configuration file, and writes global variable input, which is defined in the configfile.h file.

0.3.2 [bookmark: _Toc340224540]encode_one_frame
This module encodes every frame in sequence in the main loop of the encoder. In this module, the encoder initializes the buffers needed for the encoding process, reads the YUV data from the input file and writes the reconstruction frame to the reconstruction file and writes the encoded bit stream to the output file.

ReadOneFrame
This module reads one frame from the input file. The input data is in YUV format.

code_a_picture
This module encodes a frame picture. It is the core encode module in the encode_one_frame module.

10.1.2.2.1 picture_header
This module encodes the picture header. The picture header contains the header information of the picture.

10.1.2.2.2 picture_data
This module encodes the picture. In this module, the encoder initializes the slice in the picture and loops over the macroblock to encode every macroblock in the slice.

10.1.2.2.2.1 encoder_one_macroblock
This module makes mode decision among the intra mode, skip mode and inter mode for a macroblock using rate-distortion optimization. As a consequence, a best mode is chosen and the macroblock is encoded in this best mode.

10.1.2.2.2.1.1 FindSkipModeMotionVector
This module finds motion vector for the skip mode.
 
10.1.2.2.2.1.2 ME
This module makes the motion estimation for 16x16 blocks and loops over 8x8 sub-partitions to make the motion estimation for the 8x8 sub-partitions and makes the mode decision on the partition

10.1.2.2.2.1.2.1 ForwardPred
This module gets cost and reference frame for forward prediction.

10.1.2.2.2.1.2.2 BiPred
This module gets cost for bidirectional prediction.

10.1.2.2.2.1.2.3 SetRefAndMotionVectors
This module sets reference frames and motion vectors.

10.1.2.2.2.1.2.4 store_coding_state
This module stores coding state for rate-distortion optimized mode decision.

10.1.2.2.2.1.2.5 reset_coding_state
This module restores coding state for rate-distortion optimized mode decision.

10.1.2.2.2.1.3 RDCost_for_macroblocks
This module computes the rate-distortion cost for every candidate mode of the macroblock and makes the mode decision according to the rate-distortion cost.

10.1.2.2.2.1.3.1 Mode_Decision_for_intra8x8macroblock
This module makes 8x8 intra mode decision for a macroblock.

10.1.2.2.2.1.3.2 LumaResidualCoding
This module conducts the residual coding of a Luma macroblock for inter mode blocks.

10.1.2.2.2.1.4 store_macroblock_parameters
This module stores the macroblock parameters according to the mode made by the rate-distortion cost decision.

10.1.2.2.2.2 write_one_macroblock
This module writes the header information of the macroblock, the motion vector block coefficient and other information of the macroblock to the output bit stream.

10.1.2.2.2.3 terminate_macroblock
This module terminates processing of the current macroblock depending on the chosen slice mode.

writeout_picture
This module writes out the information of the picture and the encoded picture to the output file.

0.3.3 [bookmark: _Toc340224541]report
This module reports the gathered information to appropriate outputs.

[bookmark: _Toc340224542]Decoder Structure and Modules

[bookmark: _Toc339893690][bookmark: _Toc340224543]Decoder Structure
The following figure depicts the decoding process in detail.
[image: ]
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[bookmark: _Toc340224545]Main
This is the main function. It allocates memories used for decoding first, and then reads decoding parameters from the config file. After preparing the parameters, it decodes the data. Finally, a statistic file will be produced.

Init_conf
In this module, the decoder reads config file and sets default decoding parameters. The main functions and its description are listed below.

Allocate memories
In this module, the decoder initializes the variables and allocates memories. The main function is to allocate the slice structure along with its dependent data structures. Besides, it has sub-functions namely Bitstream *AllocBitstream(),which allocates a new bitstream, alslo has some Initialization of some arrays used for decoding. 

Decode_one_frame
The decoding process is mainly performed in this module. It includes finding the start code, reading header data, allocating memory to store decoded picture, reading NAL unit data, checking bitrate and updating the decoded picture buffer. 

11.1.1.3.1Header
This function reads the content of two successive startcode from the bitstream, also including a function namely SequenceHeader (char *buf,int startcodepos, int length), which reads sequences header.

11.1.1.3.2Init_frame
Initialize the parameters for a new frame

11.1.1.3.3Picture_data
Decode one picture, including intra-decoding and inter-decoding from the decoded parameters.

11.1.1.3.3.1GetOneUnit
Get one unit and read sequence header through the function SequenceHeader.

11.1.1.3.3.2start_macroblock
Initializes the current macroblock, set the coding state and count the slice number.

11.1.1.3.3.3read_one_macroblock
Get the syntax elements from the NAL, and read the mb type and other coding parameters.

11.1.1.3.3.4decode_one_macroblock
According to the read parameters form read_one_macroblock, decode out the data

11.1.1.3.4.1idct_dequant_B8
de-quantization, 

11.1.1.3.4.2inverse transform
Inverse transform 8x8 block.

11.1.1.3.4.3motion compensation
In this module, the decoder gets prediction mode and motion vectors. According to the prediction mode and motion vectors, motion compensation will be applied.

11.1.1.3.4Check bitrate
check bitrate

Update_Picture_Buffers
Write decoded frame to output file.

Report
In this module, the decoder Reports the gathered information are used to appropriate outputs.It chagers find PSNR for all three components. Compare decoded frame with the original sequence. Read inp->jumpd frames to reflect frame skipping.They also have sub –blocks, including the report_frame.

free memories
In this module, the decoder frees the allocated memories used in decoding process.. 
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