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Introduction to audio/video. Analog/digital representation of multimedia data
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What is multimedia?  







media = text, graphics, still images, voice, sound multimedia = a combination of several media types; ex. audio stream, moving images (movie/video), audio+video, animation, interactive animation multimedia issues followed in this course:    



Storage of multimedia content Retrieval of multimedia content Analysis of multimedia content Creation of multimedia content (project of video)



Multimedia applications   



     



video on demand video broadcasting live broadcasting videoconferencing multimedia presentations on the web multimedia databases Peer-2-Peer video streaming Internet Television etc.



Analog signal (audio, video) representation 



Analog signal - continuous signal for which the time varying feature (variable) of the signal is a representation of some other time varying quantity, i.e., analogous to another time varying signal. ex.: in sound recording, fluctuations in air pressure representing the actual sound “is analogus” to the variations induced by a vibrating diaphragm in the electrical current/voltage produced by the coil/condensor in an electromagnetic microphone; in radio modulation of a sinusoidal carrier wave (e.g. amplitude modulation – AM, frequency modulation – FM)







advantages:  







has the potential of infinite resolution of the signal (high density) processing is simple



disadvantages: 







noise – as the signal is copied and re-copied or transmitted over long distances random variations occur impossible to recover from noise/distortion



Digital signal (audio, video) representation 



Digital signal = a signal which is represented as a sequence of numbers (usually in binary numbers) ex.: digital image – matrix of pixels, digital sound – vector of sound amplitudes







advantages: 











as opposed to analog signals, degradation of the signal (i.e. noise) can not only be detected but corrected as well scales well with the increased complexity of the system



disadvantages: 







it is error prone (due to quantization and sampling) it has lower resolution than analog signals



Analog-to-digital signal conversion converting a continuous analog signal into a discrete digital signal has 2 subprocesses: 1. sampling - conversion of a continuous-space/time (audio, video) signal into a discrete-space/time (audio, video) signal 2. quantization - converting a continuous-valued (audio, video) signal that has a continuous range (set of values that it can take) of intensities and/or colors into a discrete-valued (audio, video) signal that has a discrete range of intensities and/or colors; this is usually done by rounding, truncation or other irreversible non-linear process of information destruction 



Sound basics 



Audio (sound) wave  







one-dimensional acoustic pressure wave causes vibration in the eardrum or in a microphone



Frequency range of human ear  



20 – 20.000 Hz (20 KHz) perception nearly logarithmic, relation of amplitudes A and B is expressed as dB = 20 log10 (A/B) very low pressure (20 µPascal)



0 dB



conversation



50-60 dB



heavy traffic



80 dB



rock band



120 dB



pain threshold



130 dB



Analog representation of sound 











in analog representation, the sound (variations of air pressure) is made analogus to the variations in the conveying medium properties (e.g. electrical current/voltage, electromagnetic properties) - the variable property of the medium is modulated by the signal Ex. of medium properties that are modified: the intensity/voltage of the current generated by a coil in a microphone, the magnetization of magnetic tape or the deviation (or displacement) of the groove of a gramophone disc from a smooth, flat spiral track.



examples of analog sound representation:   



cassete tapes vinyl records FM and AM radio transmissions



Analog-to-digital conversion of sound 



Sampling of the audio wave in every T secs 



  



If the sound wave is a linear superposition of noiseless sine waves, with a maximum frequency f : Sampling rate = 2f, more is useless: Nyquist theorem E.g. CDs are sampled with 44.1 KHz ≈ 2 * 20 KHz Channels with noise (Shannon thereom) Sampling rate = Bandwidth * log2 (1+Signal/Noise)







Quantization  



Precision of the digital sample depends on the number of bits Quantization noise - Error due to finite number of bits/sample



Audio encoding - example



• a sine wave • sampling the sine wave • quantizing the samples to 4 bits



Audio encoding standards 



Telephone  











Audio CDs  











8.000 samples /sec (up to 4 KHz) Needs 64 Kb/s (Pulse code modulation, PCM, 8-bit samples in Europe), or 56 Kb/s (USA, Japan – 7 bits) Enhancements: Differential PCM, Adaptive DPCM 44.100 samples /sec (up to 20 KHz) 16-bit samples: quantization error is small but audible (the dynamic range of the ear is ca. 1 million) Needs 705.6 Kb/s for mono, 1.411 Mb/s for stereo



MP-3 (MPEG-1 audio layer 3) compression 12 



Based on psycho acoustic models (128 Kb/s)



Analog video signal 











is continuous in both the space and time dimensions, since the radiation flux that is incident on a video sensor is continuous at normal scales of observation when viewed on display monitors is not truly analog, since it is sampled along one space dimension and along the time dimension practically, TV sets represent video as onedimensional electrical signal V(t)



Analog video - basics 



Sequence of images flashing faster than 50/sec 







Makes the impression of continuous movie



TV (black-and-white)       







An electron beam scans rapidly the image From left to right and from top to bottom At the end of the scan (a frame) the scan retraces NTSC 525 scan lines (483 effective), 30 frames/sec PAL and SECAM: 625 lines (576), 25 frames/sec 25 frames/s produce smooth motion, but flicker Interlacing solves this 50 half frames (fields) / sec Non interlaced: progressive scanning



Progressive vs. Interlaced video scanning



Video scanning. (a) Progressive video scanning. At the end of a scan (1), the electron gun spot snaps back to (2). A blank signal is sent in the interim. After reaching the end of a frame (3), the spot snaps back to (4). A synchronization pulse then signals the start of another frame. (b) Interlaced video scanning. Red and blue fields (shown in this illustration as gray and black) are alternately scanned left-to-right and top-to-bottom. At the end of scan (1), the spot snaps to (2). At the end of the blue field (3), the spot snaps to (4) (new field).



Digital video signal



 a digital video is an array with 3-dimensional (spacetime) components



Video Overview 



Analog video (videotape) is linear – it has a start, middle, and end







Digitized video allows random access







DVD is a good example



Video Overview 







Video file size 



Frame rate (TV – 30 frames/second)







Image size







Color depth



Frames/second x image size x color depth / 8 = estimated file size of 1 second of video



Video Compression 



Compression software programs 



Apple’s QuickTime (.MOV) 







Windows Media Player (.AVI) 







Lossy compression with 5:1 to 25:1 ratios Uses Audio Video Interleave (AVI)



Format Examples (MPEG1, MPEG2, … see later)



Video Compression  



  



Incorporating transitions Superimposing titles and animations Applying special effects Synchronizing sound with the video Applying filters for blurring, morphing, etc.



Video on the Web 











A drawback or an asset? Animation or still images should be explored as an option Quality vs. cost



Video on the Web 



Streaming video very popular 







Players   







Reduce start time significantly



RealPlayer Windows Media Player QuickTime Player



File formats (AVI and MPEG)



Video Data Size size of uncompressed video in gigabytes 1 sec 1 min 1 hour 1000 hours



1920x1080 0.19 11.20 671.85 671,846.40



1280x720 0.08 4.98 298.60 298,598.40



640x480 0.03 1.66 99.53 99,532.80



320x240 0.01 0.41 24.88 24,883.20



160x120 0.00 0.10 6.22 6,220.80



image size of video



1280x720 (1.77)



640x480 (1.33)



320x240



160x120



Video Bit Rate Calculation width * height * depth * fps = bits/sec compression factor width ~ pixels (160, 320, 640, 720, 1280, 1920, …) height ~ pixels (120, 240, 480, 485, 720, 1080, …) depth ~ bits (1, 4, 8, 15, 16, 24, …) fps ~ frames per second (5, 15, 20, 24, 30, …) compression factor (1, 6, 24, …)



Effects of Compression storage for 1 hour of compressed video in megabytes 1:1 3:1 6:1 25:1 100:1



1920x1080 671,846 223,949 111,974 26,874 6,718



1280x720 298,598 99,533 49,766 11,944 2,986



640x480 99,533 33,178 16,589 3,981 995



3 bytes/pixel, 30 frames/sec



320x240 24,883 8,294 4,147 995 249



160x120 6,221 2,074 1,037 249 62



Another View Data Rate 128 Kbs 384 Kbs 1.5 Mbs 3.0 Mbs 6.0 Mbs 25 Mbs 



Size/Hour 60 MB 170 MB 680 MB 1.4 GB 2.7 GB 11.0 GB



Perceptual Coding 







Encode source signal using lossy compression Lossless algorithms typically reduce signal by 3:1 Must use lossy algorithm to get adequate compression Hide errors where humans will not see or hear it Study hearing and vision system to understand how we see/hear Masking refers to one signal overwhelming/hiding another (e.g., loud siren or bright flash)



Audio perception is 20-20 kHz but most sounds in low frequencies (e.g., 2 kHz to 4 kHz) Visual perception influenced by edges and low frequencies 



What is… 



JPEG - Joint Photographic Experts Group Still image compression, intraframe picture technology MJPEG is sequence of images coded with JPEG 







MPEG - Moving Picture Experts Group Many standards MPEG1, MPEG2, and MPEG4 Very sophisticated technology involving intra- and interframe picture coding and many other optimizations => high quality and cost in time/computation 



Coding Overview 



Digitize 







Subsample to reduce data



Intraframe compression Remove redundancy within frame (spatial compression) 







Interframe compression Remove redundancy between frames (temporal compression) 







Symbol coding 



Efficient coding of sequence of symbols



Digitizing 



Modify color space 24 bit RGB => 15 or 16 bit RGB 24 bit RGB => YUV (8 bit Y, 4 bit U, 4 bit V) 24 bit RGB => 8 bit color map 



 



Encode only 1 field Reduce frame rate Film is 24 fps so why encode 30 frames of video Is 20 fps good enough? 18? 15? 12? 8? 4? ... 



Block Transform Encoding DCT



Quantize



Zig-zag



011010001011101... Run-length Code



Huffman Code



Block Encoding DC component 139 144 150 159



144 151 155 161



149 153 160 162



153 156 163 160



DCT



1260 -1 -12 -23 -17 -6 -11 -9 -2 -7 -2 0



-5 -3 2 1



Quantize



original image AC components 79 0 -2 -1 -1 -1 0 0 -1 0 0 0 0 0 0 0



run-length code



0 1 0 0 0 2 0



79 -2 -1 -1 -1 -1 0



Huffman code



zigzag



79 -2 -1 0



0 -1 -1 0



-1 0 0 0



10011011100011...



coded bitstream < 10 bits (0.55 bits/pixel)



0 0 0 0



Result of Coding/Decoding 139 144 150 159



144 151 155 161



149 153 160 162



144 156 155 160



153 156 163 160



146 150 156 161



149 152 157 161



152 154 158 162



reconstructed block



original block -5 -4 -5 -1



-2 1 -1 0



0 1 3 1



errors



1 2 5 -2



Discrete Cosine Transform 4C(u)C(v) F[u,v] =



n2



n-1 n-1







f(j,k) cos



(2j+1)up 2n



j=0 k=0



where C(w) =



1 2 1



cos



(2k+1)vp 2n



for w=0 for w=1,2,…,n-1



• Inverse is very similar • DCT better at reducing redundancy than Discrete Fourier Transform but computationally expensive



DCT vs DFT 



















original signal 











  recovered from DCT























recovered from DFT



Video compression fundaments 











since a video stream has 2 spatial and 1 temporal dimensions, video compression is usually done independently in the spatial dimensions and, respectively, in the time dimension in the spatial dimensions – compression tries to eliminate spatial redundancy (like in JPEG) in the time dimension – compression tries to eliminate temporal redundancy (i.e. motion of objects)



Video compression fundaments (2) 















the spatial encoder typically works on 8 x 8 pixel blocks of a frame the temporal encoder typically works on 16 x 16 pixel image blocks motion estimation/compensation is used for the temporal encoder; motion estimation unit create motion vectors for each 16 x 16 block there are 3 types of frames:   



I-frames : intracoded frames, key frames P-frames: predicted frames B-frames: bi-directional predicted frames



Compression in the time domain   



difference between consecutive frames is often small remove inter-frame redundancy sophisticated encoding, relatively fast decoding



Video compression standards 







there are 2 family of standards: ISO/IEC MPEG and ITUT International Standardization Organization(ISO), International Electrotechnical Commission (IEC) , MPEG (Moving Pictures Experts Group) produced the MPEG standards:  



 







MPEG-1, 1992 : video standards for CDROMs and Internet video MPEG-2, 1994 : video standards for television and telecommunications standards MPEG-4, 1999 : advanced video coding standards MPEG-7, 2001 : metadata for audio-video streams, Multimedia Content Description Interface MPEG-21, 2002 : distribution, exchange, user access of multimedia data and intellectual property management



Video compression standards (2) 



International Telecommunication Union (ITU-T) developed several recommendations for video coding: 















H.261, 1990 : the first video codec specification, “Video Codec for Audio Visual Services at p x 64kbps” H.262, 1995 : Infrastructure of audiovisual services—Coding of moving video H.263, 1995 : Video coding for low bit rate communications H.264, 2002 : Advanced Video Codec (AVC), in conjunction with MPEG-4



MPEG-1 types of frames 















I-frame - intra-coded (key) frames; frames that are coded independently of other frames similar to JPEG; allows random access and editing to video streams P-frame – (forward-) predicted frames; inter-frames that are coded as the difference between the current frame and the previous (I- or P-frame); the P-frame can have intra-coded macroblocks and forward-predicted macroblocks; for each forward-predicted macroblock it is coded the prediction error (difference) and 1 motion vector B-frame – bidirectional predicted-frames or backward-predicted frames; achieves the best compression; are coded as the difference between the current frame and the I- or P- frame preceding it and the I- or P-frame after it; the B-frame can have intra-coded, forward-predicted and backward-predicted macroblocks; for each backward-predicted macroblock it is coded the prediction error (average difference) and 2 motion vectors D-frame – DC-frames; only the DC coefficient of each macroblock is



General design of a video encoder



Frame Intracoding 







 



a frame is intracoded similar to the way a JPEG encoder encodes images Spatial Operator T refers to DCT (Discrete Cosine Transform) Quantizer Q refers to the quantization matrix VLC refers to Variable Length Coding, i.e. run-length encoding (including zig-zag order) plus entropy encoding (Huffman encoding)



Motion estimation/compensation  







was invented in 1960s is based on the idea that motion in a video is created by solid objects which move on a relatively fixed background comprises 3 steps: 















first stage estimates objective motion (motion estimation) between the previously reconstructed frame and the current frame; results MVs (Motion Vectors) for each 16x16 block of pixels the second stage creates the current frame prediction (MC) using the motion estimates and the previously reconstructed frame the final stage encodes the difference between the prediction and the actual current frame (i.e. the prediction error) and the MVs



for motion estimation MSE (Mean Squared Error) is used: 1 M N 2   MSE  I ( i , j )  I ( i , j )  0 MN i 1 j 1



Inter-frame Compression 











Pixel difference with previous frame If previous pixel very similar, skip it Send sequence of blocks rather than frames If previous block similar, skip it or send difference Motion compensation Search around block in previous frame for a better matching block and encode position and error difference Search in future frame Average block in previous and future frame



Motion estimation/compensation (2)



Compressed video stream



Bidirectional motion compensation prediction (B-frames) 







for motion estimation only the luminance component is compared better prediction can be provided if both the past and the future frames are used



Motion compensation with half-pixel accuracy 







often, a macroblock moves to a position that is not on the pixel grid, but between pixels this is why MPEG-1 has half-pixel accuracy in motion estimation (the half-pixel value is computed using bilinear interpolation)



GOP (Group of pictures)  







each video sequence is divided into GOPs there are 4 types of pictures: I-frame, P-frame, Bframe, D-frame DC pictures (D-pictures) are low-resolution pictures obtained by decoding only the DC coefficient of the discrete cosine transform (DCT) coefficients of each macroblock.



Slices, macroblocks, blocks  











an MPEG-1 picture is made from slices slice – continuous sequence of macroblocks in a raster scan order (from left to right and top to bottom) macroblock – a 16x16 block of luminance samples, one 8x8 Cb block and 8x8 Cr block; a coded macroblock contains (frame) prediction error and one or two motion vectors block – a matrix of Y/Cb/Cr samples (usually 16x16 or 8x8)



Come back to audio 











 



Is music different from other audio representation? The answer is YES! Both in representation and analysis/Retrieval Credits: http://acad.carleton.edu/courses/musc108-00f14/pages/01/01SixBasicPropertiesofSound.html
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