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Color encoding system for analogue television For the standard-definition digital video mode sometimes referred to as PAL or PAL/SECAM, see 576i. For other uses, see PAL (disambiguation). Analog television encoding systems by nation: NTSC SECAM PAL No info Phase Alternating Line (PAL) is a color encoding system for analog television. It
was one of three major analogue colour television standards, the others being NTSC and SECAM. In most countries it was broadcast at 625 lines, 50 fields (25 frames) per second, and associated with CCIR analogue broadcast television systems B, D, G, H, I or K. The articles on analog broadcast television systems further describe frame rates, image
resolution, and audio modulation. PAL video is composite video because luminance (luma, monochrome image) and chrominance (chroma, colour applied to the monochrome image) are transmitted together as one signal. A latter evolution of the standard, PALplus, added support for widescreen broadcasts with no loss of vertical image resolution,
while retaining compatibility with existing sets. Almost all of the countries using PAL are currently in the process of conversion, or have already converted transmission standards to DVB, ISDB or DTMB. The PAL designation continues to be used in some non-broadcast contexts, especially regarding console video games. PAL was adopted by most
European countries, by several African countries, including South Africa, by Argentina, Brazil, Paraguay, Uruguay, and by most of Asia Pacific (including the Middle East and South Asia).[1] Countries in those regions that did not adopt PAL were France,[2] Francophone Africa,[2] several ex-Soviet states,[2] Japan,[3] South Korea, Liberia, Myanmar,
the Philippines,[3] and Taiwan.[3] With the introduction of home video releases and later digital sources (e.g. DVD-Video), the name "PAL" might be used to refer to digital formats, even though they use completely different colour encoding systems. For instance, 576i (576 interlaced lines) digital video with colour encoded as YCbCr, intended to be
backward compatible and easily displayed on legacy PAL devices, is usually mentioned as "PAL" (eg: "PAL DVD"). Likewise, video game consoles outputting a 50 Hz signal might be labeled as "PAL", as opposed to 60 Hz on NTSC machines. These designations should not be confused with the analog colour system itself. In the 1950s, Western European
countries began plans to introduce colour television and were faced with the fact that the NTSC standard demonstrated several weaknesses, including colour tone shifting under poor transmission conditions, which became a major issue considering Europe's geographical and weather-related particularities. To overcome NTSC's shortcomings,
alternative standards were devised, resulting in the development of the PAL and SECAM standards. The goal was to provide a colour TV standard for the European picture frequency of 50 fields per second (50 hertz), and finding a way to eliminate the problems with NTSC. PAL was developed by Walter Bruch at Telefunken in Hanover, West Germany,
with important input from Gerhard Mahler [de].[4] The format was patented by Telefunken in December 1962, citing Bruch as inventor,[5][6] and unveiled to members of the European Broadcasting Union (EBU) on 3 January 1963.[6] When asked why the system was named "PAL" and not "Bruch", the inventor answered that a "Bruch system" would
probably not have sold very well ("Bruch" is the German word for "breakage"[7]). The first broadcasts began in the United Kingdom in July 1967, followed by West Germany at the Berlin IFA on August 25.[6][8] The BBC channel initially using the broadcast standard was BBC2, which had been the first UK TV service to introduce "625-lines" during
1964. The Netherlands and Switzerland started PAL broadcasts by 1968, with Austria following the next year.[6] Telefunken PALcolour 708T[9] was the first PAL commercial TV set. It was followed by Loewe-Farbfernseher S 920 and F 900.[10] Telefunken was later bought by the French electronics manufacturer Thomson. Thomson also bought the
Compagnie Générale de Télévision where Henri de France developed SECAM, the first European Standard for colour television. Thomson, now called Technicolour SA, also owns the RCA brand and licences it to other companies; Radio Corporation of America, the originator of that brand, created the NTSC colour TV standard before Thomson became
involved. In Italy, at first Indesit in co-operation with SEIMART tried to develop its own standard, ISA (Identificazione a Soppressione Alternata). However, while it presented very interesting technical and qualitative characteristics, it arrived too late and its eventual adoption would have resulted in heavy political and economic consequences,
therefore the system was abandoned in favor of PAL in 1975.[11][12] The Soviet Union developed two further systems, mixing concepts from PAL and SECAM, known as TRIPAL and NIIR, that never went beyond tests.[6] In 1993,[13] an evolution of PAL aimed to improve and enhance format by allowing 16:9 aspect ratio broadcasts, while remaining
compatible with existing television receivers,[14] was introduced. Named PALplus, it was defined by ITU recommendation BT.1197-1. It was developed at the University of Dortmund in Germany, in cooperation with German terrestrial broadcasters and European and Japanese manufacturers. Adoption was limited to European countries. With the
introduction of digital broadcasts and signal sources (ex: DVDs, game consoles), the term PAL was used imprecisely to refer to the 625-line/50 Hz television system in general, to differentiate from the 525-line/60 Hz system generally used with NTSC. For example, DVDs were labelled as PAL or NTSC (referring to the line count and frame rate)[15]
even though technically the discs carry neither PAL nor NTSC encoded signal. These devices would still have analog outputs (ex; composite video output), and would convert the digital signals (576i or 4801i) to the analog standards to assure compatibility. CCIR 625/50 and EIA 525/60 are the proper names for these (line count and field rate)
standards; PAL and NTSC on the other hand are methods of encoding colour information in the signal. "PAL-D", "PAL-N", "PAL-H" and "PAL-K" designations on this section describe PAL decoding methods and are unrelated to broadcast systems with similar names.[6] The Telefunken licence covered any decoding method that relied on the alternating
subcarrier phase to reduce phase errors, described as "PAL-D" for "delay", and "PAL-N" for "new" or "Chrominance Lock".[6] This excluded very basic PAL decoders that relied on the human eye to average out the odd/even line phase errors, and in the early 1970s some Japanese set manufacturers developed basic decoding systems to avoid paying
royalties to Telefunken. These variations are known as "PAL-S" (for "simple" or "Volks-PAL"),[16] operating without a delay line and suffering from the “Hanover bars” effect. An example of this solution is the Kuba Porta Color CK211P set.[6] Another solution was to use a 1H analogue delay line to allow decoding of only the odd or even lines. For
example, the chrominance on odd lines would be switched directly through to the decoder and also be stored in the delay line. Then, on even lines, the stored odd line would be decoded again. This method (known as 'gated NTSC') was adopted by Sony on their 1970s Trinitron sets (KV-1300UB to KV-1330UB), and came in two versions: "PAL-H" and
"PAL-K" (averaging over multiple lines).[6][16] It effectively treated PAL as NTSC, suffering from hue errors and other problems inherent in NTSC and required the addition of a manual hue control. This section needs additional citations for verification. Please help improve this article by adding citations to reliable sources in this section. Unsourced
material may be challenged and removed. (May 2021) (Learn how and when to remove this message) Un-decoded PAL image, showing chroma information as fine patterns chroma dots (click to zoom) overlapping the luma signal Decoded PAL image, with chroma fully recovered. Some minor artifacts (see dot crawl) are present across transition areas
(click to zoom). Most PAL systems encode the colour information using a variant of the Y'UV colour space. Y " {\displaystyle Y'} comprises the monochrome luma signal, with the three RGB colour channels mixed down onto two, U {\displaystyle U} and V {\displaystyle V} . Like NTSC, PAL uses a quadrature amplitude modulated subcarrier carrying
the chrominance information added to the luma video signal to form a composite video baseband signal. The frequency of this subcarrier is 4.43361875 MHz for PAL 4.43, compared to 3.579545 MHz for NTSC 3.58. The SECAM system, on the other hand, uses a frequency modulation scheme on its two line alternate colour subcarriers 4.25000 and
4.40625 MHz. The name "Phase Alternating Line" describes the way that the phase of part of the colour information on the video signal is reversed with each line, which automatically corrects phase errors in the transmission of the signal by cancelling them out, at the expense of vertical frame colour resolution. Lines where the colour phase is
reversed compared to NTSC are often called PAL or phase-alternation lines, which justifies one of the expansions of the acronym, while the other lines are called NTSC lines. Early PAL receivers relied on the human eye to do that cancelling; however, this resulted in a comb-like effect known as Hanover bars on larger phase errors. Thus, most
receivers now use a chrominance analogue delay line, which stores the received colour information on each line of display; an average of the colour information from the previous line and the current line is then used to drive the picture tube. The effect is that phase errors result in saturation changes, which are less objectionable than the equivalent
hue changes of NTSC. A minor drawback is that the vertical colour resolution is poorer than the NTSC system's, but since the human eye also has a colour resolution that is much lower than its brightness resolution, this effect is not visible. In any case, NTSC, PAL, and SECAM all have chrominance bandwidth (horizontal colour detail) reduced greatly
compared to the luma signal. Spectrum of a System I television channel with PAL RF spectrogram and waterfall of an actual PAL-I transmission with NICAM Oscillogram of composite PAL signal—one frame Oscillogram of composite PAL signal—several lines Oscillogram of composite PAL signal—two lines A waterfall display showing a 20ms long
interlaced PAL frame with high FFT resolution Analyzing a PAL signal and decoding the 20ms frame and 64 ps lines The 4.43361875 MHz frequency of the colour carrier is a result of 283.75 colour clock cycles per line plus a 25 Hz offset to avoid interferences. Since the line frequency (number of lines per second) is 15625 Hz (625 lines x 50 Hz + 2),
the colour carrier frequency calculates as follows: 4.43361875 MHz = 283.75 x 15625 Hz + 25 Hz. The frequency 50 Hz is the optional refresh frequency of the monitor to be able to create an illusion of motion, while 625 lines means the vertical lines or resolution that the PAL system supports. The original colour carrier is required by the colour
decoder to recreate the colour difference signals. Since the carrier is not transmitted with the video information it has to be generated locally in the receiver. In order that the phase of this locally generated signal can match the transmitted information, a 10 cycle burst of colour subcarrier is added to the video signal shortly after the line sync pulse,
but before the picture information, during the so-called back porch. This colour burst is not actually in phase with the original colour subcarrier, but leads it by 45 degrees on the odd lines and lags it by 45 degrees on the even lines. This swinging burst enables the colour decoder circuitry to distinguish the phase of the R — Y " {\displaystyle R-Y'}
vector which reverses every line. For PAL-B/G the signal has these characteristics. Parameter Value Bandwidth 5 MHz[1] Horizontal sync polarity Negative Total time for each line 64 ps[17][18] Front porch (A) 1.65+0.4—0.1 ps Sync pulse length (B) 4.7%+0.20 ps Back porch (C) 5.7£0.20 pus Active video (D) 51.95+0.4—0.1 ps (Total horizontal sync time
12.05 ps) After 0.9 ps a 2.25+0.23 s colourburst of 10+1 cycles is sent. Most rise/fall times are in 250+50 ns range. Amplitude is 100% for white level, 30% for black, and 0% for sync.[17] The CVBS electrical amplitude is Vpp 1.0 V and impedance of 75 Q.[19] The composite video (CVBS) signal used in systems M and N before combination with a
sound carrier and modulation onto an RF carrier The vertical timings are: Parameter Value Vertical lines 312.5 (625 total) Vertical lines visible 288 (576 total) Vertical sync polarity Negative (burst) Vertical frequency 50 Hz Sync pulse length (F) 0.576 ms (burst)[20] Active video (H) 18.4 ms (Total vertical sync time 1.6 ms) As PAL is interlaced, every
two fields are summed to make a complete picture frame. PAL colorimetry, as defined by the ITU on REC-BT.470, and based on CIE 1931 x,y coordinates:[21] PAL colorimetry Standard Year White point Primaries Display gamma EOTF Red Green Blue xR yR xG yG xB yB PAL EBU 3213-E, ITU-R BT.470/601 (B/G) 1970 D65 0.64 0.33 0.29 0.6 0.15 0.06
2.8 PAL-M BT.470-6[22] 1972 C 0.67 0.33 0.21 0.71 0.14 0.08 2.2 The assumed display gamma is defined as 2.8.[21] The PAL-M system uses color primary and gamma values similar to NTSC.[22] Color is encoded using the YUV color space. Luma ( E 'Y {\displaystyle E'{\scriptstyle {\text{Y}}}} ) is derived from red, green, and blue (E'R,E"G, E”
B {\displaystyle E'{\scriptstyle {\text{R}}},E'{\scriptstyle {\text{G}}} E'{\scriptstyle {\text{B}}}} ) gamma pre-corrected ( E " {\displaystyle E'} ) primary signals:[18] E'Y = 0.299 E"R + 0.587 E" G + 0.114 E ' B {\displaystyle E'{\scriptstyle {\text{Y}}}=0.299E'{\scriptstyle {\text{R}}}+0.587E'{\scriptstyle {\text{G}}}+0.114E'{\scriptstyle
{\text{B}}}} E " U {\displaystyle E'{\scriptstyle {\text{U}}}} and E ' V {\displaystyle E'{\scriptstyle {\text{V}}}} are used to transmit chrominance. Each has a typical bandwidth of 1.3 MHz. E" U = 0.492 (E' B — E ' Y ) {\displaystyle E'{\scriptstyle {\text{U}}}=0.492(E'{\scriptstyle {\text{B}}}-E'{\scriptstyle {\text{Y}}})} E"'V=0.877(E 'R -
E 'Y ) {\displaystyle E'{\scriptstyle {\text{V}}}=0.877(E'{\scriptstyle {\text{R}}}-E'{\scriptstyle {\text{Y}}})} Composite PALsignal=E'Y+ E ' Usin (wt)+ E"Vcos (wt)+ {\displaystyle =E'{\scriptstyle {\text{Y}}}+E'{\scriptstyle {\text{U}} }\sin(\omega t)+E'{\scriptstyle {\text{V}}}\cos(\omega t)+} timing[18] where w =201 FS C
{\displaystyle \omega =2\pi F_ {SC}} . Subcarrier frequency F S C {\displaystyle F_{SC}} is 4.43361875 MHz (5 Hz) for PAL-B/D/G/H/I/N. The PAL colour system is usually used with a video format that has 625 lines per frame (576 visible lines, the rest being used for other information such as sync data and captioning) and a refresh rate of
50 interlaced fields per second (compatible with 25 full frames per second), such systems being B, G, H, I, and N (see broadcast television systems for the technical details of each format). This ensures video interoperability. However, as some of these standards (B/G/H, I and D/K) use different sound carriers (5.5 MHz, 6.0 MHz and 6.5 MHz
respectively), it may result in a video image without audio when viewing a signal broadcast over the air or cable. Some countries in Eastern Europe which formerly used SECAM with systems D and K have switched to PAL while leaving other aspects of their video system the same, resulting in the different sound carrier. Instead, other European
countries have changed completely from SECAM-D/K to PAL-B/G.[23] The PAL-N system has a different sound carrier, and also a different colour subcarrier, and decoding on incompatible PAL systems results in a black-and-white image without sound. The PAL-M system has a different sound carrier and a different colour subcarrier, and does not use
625 lines or 50 frames/second. This would result in no video or audio at all when viewing a European signal. Differences between PAL variants[21] PAL B PAL G, H PAL I PAL D/K, L PAL N PAL M Transmission band VHF UHF VHF/UHF Fields 50 60 Scan lines 625 525 Active lines 576 480 Channel bandwidth 7 MHz 8 MHz 6 MHz Video bandwidth
5.0 MHz 5.5 MHz 6.0 MHz 4.2 MHz Vision/Sound carrier spacing 5.5 MHz 6.0 MHz 6.5 MHz 4.5 MHz Colour Subcarrier 4.43361875 MHz 3.58205625 MHz 3.575611 MHz Assumed ReceiverGamma correction 2.8 2.2 The BBC tested their pre-war (but still broadcast until 1985) 405-line monochrome system (CCIR System A) with all three colour
standards including PAL, before the decision was made to abandon 405 and transmit colour on 625/System I only. Many countries have turned off analogue transmissions, so the following does not apply anymore, except for using devices which output RF signals, such as video recorders. The majority of countries using or having used PAL have
television standards with 625 lines and 50 fields per second. Differences concern the audio carrier frequency and channel bandwidths. The variants are: Standards B/G are used in most of Western Europe, former Yugoslavia, South Asia, Thailand, Australia, and New Zealand Standard I in the UK, Ireland, Hong Kong, South Africa, and Macau
Standards D/K (along with SECAM usually) in most of Central and Eastern Europe and mainland China. Systems B and G are similar. System B specifies 7 MHz channel bandwidth, while System G specifies 8 MHz channel bandwidth. Australia and China used Systems B and D respectively for VHF and UHF channels. Similarly, Systems D and K are
similar except for the bands they use: System D is only used on VHF, while System K is only used on UHF. Although System I is used on both bands, it has only been used on UHF in the United Kingdom. The PAL-L (Phase Alternating Line with CCIR System L broadcast system) standard uses the same video system as PAL-B/G/H (625 lines, 50 Hz field
rate, 15.625 kHz line rate), but with a larger 6 MHz video bandwidth rather than 5.5 MHz and moving the audio subcarrier to 6.5 MHz. An 8 MHz channel spacing is used for PAL-L, to maintain compatibility with System L channel spacings. The PAL-N standard was created in Argentina, through Resolution No. 100 ME/76,[24] which determined the
creation of a study commission for a national color standard. The commission recommended using PAL under CCIR System N that Paraguay and Uruguay also used. It employs the 625 line/50 field per second waveform of PAL-B/G, D/K, H, and I, but on a 6 MHz channel with a chrominance subcarrier frequency of 3.582056 MHz (917/4*H) similar to
NTSC (910/4*H).[21] On the studio production level, standard PAL cameras and equipment were used, with video signals then transcoded to PAL-N for broadcast.[25] This allows 625 line, 50 frames per second video to be broadcast in a 6 MHz channel, at some cost in horizontal resolution. Main article: PAL-M In Brazil, PAL is used in conjunction with
the 525 line, 60 field/s CCIR System M, using (very nearly) the NTSC colour subcarrier frequency. Exact colour subcarrier frequency of PAL-M is 3.575611 MHz, or 227.25 times System M's horizontal scan frequency. Almost all other countries using system M use NTSC. The PAL colour system (either baseband or with any RF system, with the normal
4.43 MHz subcarrier unlike PAL-M) can also be applied to an NTSC-like 525-line picture to form what is often known as "PAL 60" (sometimes "PAL 60/525", "Quasi-PAL" or "Pseudo PAL"). PAL-M (a broadcast standard) however should not be confused with "PAL 60" (a video playback system—see below). PAL television receivers manufactured since
the 1990s can typically decode all of the PAL variants except, in some cases PAL-M and PAL-N. Many such receivers can also receive Eastern European and Middle Eastern SECAM, though rarely French-broadcast SECAM (because France used a quasi-unique positive video modulation, system L) unless they are manufactured for the French market.
They will correctly display plain (non-broadcast) CVBS or S-video SECAM signals. Many can also accept baseband NTSC-M, such as from a VCR or game console, and RF modulated NTSC with a PAL standard audio subcarrier (i.e., from a modulator), though not usually broadcast NTSC (as its 4.5 MHz audio subcarrier is not supported). Many sets also
support NTSC with a 4.43 MHz color subcarrier (see PAL 60 on the next section). VHS tapes recorded from a PAL-N or a PAL-B/G, D/K, H, or I broadcast are indistinguishable because the downconverted subcarrier on the tape is the same. A VHS recorded off TV (or released) in Europe will play in colour on any PAL-N VCR and PAL-N TV in Argentina,
Paraguay and Uruguay. Likewise, any tape recorded in Argentina, Paraguay or Uruguay off a PAL-N TV broadcast can be sent to anyone in European countries that use PAL (and Australia/New Zealand, etc.) and it will display in colour. This will also play back successfully in Russia and other SECAM countries, as the USSR mandated PAL compatibility
in 1985—this has proved to be very convenient for video collectors. People in Argentina, Paraguay and Uruguay usually own TV sets that also display NTSC-M, in addition to PAL-N. DirecTV also conveniently broadcasts in NTSC-M for North, Central, and South America. Most DVD players sold in Argentina, Paraguay and Uruguay also play PAL discs—
however, this is usually output in the European variant (colour subcarrier frequency 4.433618 MHz), so people who own a TV set which only works in PAL-N (plus NTSC-M in most cases) will have to watch those PAL DVD imports in black and white (unless the TV supports RGB SCART) as the colour subcarrier frequency in the TV set is the PAL-N
variation, 3.582056 MHz. In the case that a VHS or DVD player works in PAL (and not in PAL-N) and the TV set works in PAL-N (and not in PAL), there are two options: images can be seen in black and white, or an inexpensive transcoder (PAL -> PAL-N) can be purchased in order to see the colours Some DVD players (usually lesser known brands)
include an internal transcoder and the signal can be output in NTSC-M, with some video quality loss due to the standard conversion from a 625/50 PAL DVD to the NTSC-M 525/60 output format. A few DVD players sold in Argentina, Paraguay and Uruguay also allow a signal output of NTSC-M, PAL, or PAL-N. In that case, a PAL disc (imported from
Europe) can be played back on a PAL-N TV because there are no field/line conversions, quality is generally excellent. Some special VHS video recorders are available which can allow viewers the flexibility of enjoying PAL-N recordings using a standard PAL (625/50 Hz) colour TV, or even through multi-system TV sets. Video recorders like Panasonic
NV-WI1E (AG-W1 for the US), AG-W2, AG-W3, NV-J700AM, Aiwa HV-M110S, HV-M1U, Samsung SV-4000W and SV-7000W feature a digital TV system conversion circuitry. Many 1990s-onwards videocassette recorders sold in Europe can play back NTSC tapes. When operating in this mode most of them do not output a true (625/50) PAL signal, but
rather a hybrid consisting of the original NTSC line standard (525/60), with colour converted to PAL 4.43 MHz (instead of 3.58 as with NTSC and PAL-M) — this is known as "PAL 60" (also "quasi-PAL" or "pseudo-PAL") with "60" standing for 60 Hz (for 525/30), instead of 50 Hz (for 625/25). Some video game consoles also output a signal in this mode.
The Dreamcast pioneered PAL 60 with most of its games being able to play games at full speed like NTSC and without borders. Xbox and GameCube also support PAL 60 unlike PlayStation 2.[26] The PlayStation 2 did not actually offer a true PAL 60 mode; while many PlayStation 2 games did offer a "PAL 60" mode as an option, the console would in
fact generate an NTSC signal during 60 Hz operation. Most newer television sets can display a "PAL 60" signal correctly, but some will only do so (if at all) in black and white and/or with flickering/foldover at the bottom of the picture, or picture rolling (however, many old TV sets can display the picture properly by means of adjusting the V-Hold and
V-Height knobs—assuming they have them). Some TV tuner cards or video capture cards will support this mode (although software/driver modification can be required and the manufacturers' specs may be unclear). Some DVD players offer a choice of PAL vs NTSC output for NTSC discs.[27] PAL usually has 576 visible lines compared with 480 lines
with NTSC, meaning that PAL has a 20% higher resolution, in fact it even has a higher resolution than Enhanced Definition standard (852x480). Most TV output for PAL and NTSC use interlaced frames meaning that even lines update on one field and odd lines update on the next field. Interlacing frames gives a smoother motion with half the frame
rate. NTSC is used with a frame rate of 60i or 30p whereas PAL generally uses 50i or 25p; both use a high enough frame rate to give the illusion of fluid motion. This is due to the fact that NTSC is generally used in countries with a utility frequency of 60 Hz and PAL in countries with 50 Hz, although there are many exceptions. Both PAL and NTSC
have a higher frame rate than film which uses 24 frames per second. PAL has a closer frame rate to that of film, so most films are sped up 4% to play on PAL systems, shortening the runtime of the film and, without adjustment, largely raising the pitch of the audio track. Film conversions for NTSC instead use 3:2 pull down to spread the 24 frames of
film across 60 interlaced fields. This maintains the runtime of the film and preserves the original audio, but may cause worse interlacing artefacts during fast motion, along with judder. NTSC receivers have a tint control to perform colour correction manually. If this is not adjusted correctly, the colours may be faulty. The PAL standard automatically
cancels hue errors by phase reversal, so a tint control is unnecessary yet Saturation control can be more useful. Chrominance phase errors in the PAL system are cancelled out using a 1H delay line resulting in lower saturation, which is much less noticeable to the eye than NTSC hue errors. However, the alternation of colour information—Hanover
bars—can lead to picture grain on pictures with extreme phase errors even in PAL systems, if decoder circuits are misaligned or use the simplified decoders of early designs (typically to overcome royalty restrictions). This effect will usually be observed when the transmission path is poor, typically in built up areas or where the terrain is unfavourable.
The effect is more noticeable on UHF than VHF signals as VHF signals tend to be more robust. In most cases such extreme phase shifts do not occur. PAL and NTSC have slightly divergent colour spaces, but the colour decoder differences here are ignored. Outside of film and TV broadcasts, the differences between PAL and NTSC when used in the
context of video games were quite dramatic. For comparison, the NTSC standard is 60 fields/30 frames per second while PAL is 50 fields/25 frames per second. To avoid timing problems or unfeasible code changes, games were slowed down by approximately 16.7%. This has led to games ported over to PAL regions being historically known for their
inferior speed and frame rates compared to their NTSC counterparts, especially when they are not properly optimized for PAL standards. Full motion video rendered and encoded at 30 frames per second by the Japanese/US (NTSC) developers were often down-sampled to 25 frames per second or considered to be 50 frames per second video for PAL
release—usually by means of 3:2 pull-down, resulting in motion judder. In addition, the increased resolution of PAL was often not utilised at all during conversion, creating a pseudo-letterbox effect with borders on the top and bottom of the screen, looking similar to 14:9 letterbox. This leaves the graphics with a slightly squashed look due to an
incorrect aspect ratio caused by the borders. These practices were prevalent in previous generations, especially during the 8-bit and 16-bit era of video games where 2D graphics were the norm at that time. The gameplay of many games with an emphasis on speed, such as the original Sonic the Hedgehog for the Sega Genesis (Mega Drive), suffered
in their PAL incarnations. Starting with the sixth generation of video games, game consoles started to offer true 60 Hz modes in games ported to PAL regions. The Dreamcast was the first to offer a true "PAL 60" mode, with many games made for the system in PAL regions being closely on-par with their NTSC counterparts in terms of speed and frame
rates using "PAL 60" modes. The Xbox and GameCube also featured "PAL 60" modes in games made for the region as well. The only lone exception was the PlayStation 2, where games ported over to PAL regions are oftentimes (but not always) running in 50 Hz modes. PAL region games supporting 60 Hz modes for the PlayStation 2 also requires a
display with NTSC output unless RGB or component connections were used, since these allowed for colour outputs without the need for NTSC or PAL colour encoding. Otherwise, the games would display in monochrome on PAL-only displays. The problems usually associated with PAL region video games are not necessarily encountered in Brazil with
the PAL-M standard used in that region, since its video system uses an identical number of visible lines and refresh rate as NTSC but with a slightly different colour encoding frequency based on PAL, modified for use with the CCIR System M broadcast television system. The SECAM patents predate those of PAL by several years (1956 vs. 1962). Its
creator, Henri de France, in search of a response to known NTSC hue problems, came up with ideas that were to become fundamental to both European systems, namely: colour information on two successive TV lines is very similar and vertical resolution can be halved without serious impact on perceived visual quality more robust colour
transmission can be achieved by spreading information on two TV lines instead of just one information from the two TV lines can be recombined using a delay line. SECAM applies those principles by transmitting alternately only one of the U and V components on each TV line, and getting the other from the delay line. QAM is not required, and
frequency modulation of the subcarrier is used instead for additional robustness (sequential transmission of U and V was to be reused much later in Europe's last "analog" video systems: the MAC standards). SECAM is free of both hue and saturation errors. It is not sensitive to phase shifts between the colour burst and the chrominance signal, and for
this reason was sometimes used in early attempts at colour video recording, where tape speed fluctuations could get the other systems into trouble. In the receiver, it did not require a quartz crystal (which was an expensive component at the time) and generally could do with lower accuracy delay lines and components. SECAM transmissions are more
robust over longer distances than NTSC or PAL. However, owing to their FM nature, the colour signal remains present, although at reduced amplitude, even in monochrome portions of the image, thus being subject to stronger cross colour. One serious drawback for studio work is that the addition of two SECAM signals does not yield valid colour
information, due to its use of frequency modulation. It was necessary to demodulate the FM and handle it as AM for proper mixing, before finally remodulating as FM, at the cost of some added complexity and signal degradation. In its later years, this was no longer a problem, due to the wider use of component and digital equipment. PAL can work
without a delay line (PAL-S), but this configuration, sometimes referred to as "poor man's PAL", could not match SECAM in terms of picture quality. To compete with it at the same level, it had to make use of the main ideas outlined above, and as a consequence PAL had to pay licence fees to SECAM. Over the years, this contributed significantly to the
estimated 500 million francs gathered by the SECAM patents (for an initial 100 million francs invested in research).[28] Hence, PAL could be considered as a hybrid system, with its signal structure closer to NTSC, but its decoding borrowing much from SECAM. There were initial specifications to use colour with the French 819 line format (system E).
However, "SECAM E" only ever existed in development phases. Actual deployment used the 625 line format. This made for easy interchange and conversion between PAL and SECAM in Europe. Conversion was often not even needed, as more and more receivers and VCRs became compliant with both standards, helped in this by the common decoding
steps and components. When the SCART plug became standard, it could take RGB as an input, effectively bypassing all the colour coding formats' peculiarities. When it comes to home VCRs, all video standards use what is called "colour under" format. Colour is extracted from the high frequencies of the video spectrum, and moved to the lower part of
the spectrum available from tape. Luma then uses what remains of it, above the colour frequency range. This is usually done by heterodyning for PAL (as well as NTSC). But the FM nature of colour in SECAM allows for a cheaper trick: division by 4 of the subcarrier frequency (and multiplication on replay). This became the standard for SECAM VHS
recording in France. Most other countries kept using the same heterodyning process as for PAL or NTSC and this is known as MESECAM recording (as it was more convenient for some Middle East countries that used both PAL and SECAM broadcasts). Another difference in colour management is related to the proximity of successive tracks on the
tape, which is a cause for chroma crosstalk in PAL. A cyclic sequence of 90° chroma phase shifts from one line to the next is used to overcome this problem. This is not needed in SECAM, as FM provides sufficient protection. Regarding early (analogue) videodiscs, the established Laserdisc standard supported only NTSC and PAL. However, a different
optical disc format, the Thomson transmissive optical disc made a brief appearance on the market. At some point, it used a modified SECAM signal (single FM subcarrier at 3.6 MHz[29]). The media's flexible and transmissive material allowed for direct access to both sides without flipping the disc, a concept that reappeared in multi-layered DVDs
about fifteen years later. See also: DVB-T § Countries and territories using DVB-T Below are lists of countries and territories that used or once used the PAL system. Many of these have converted or are converting PAL to DVB-T (most countries), DVB-T2 (most countries), DTMB (China, Hong Kong and Macau) or ISDB-Tb (Sri Lanka, Maldives,
Botswana, Brazil, Argentina, Paraguay and Uruguay). A legacy list of PAL users in 1998 is available on Recommendation ITU-R BT.470-6 - Conventional Television Systems, Appendix 1 to Annex 1.[30] Afghanistan (used SECAM)[31] Algeria Angola[31] Armenia Bahrain (DVB-T introduction in assessment)[31] Bhutan[31] Botswana[31] British
Indian Ocean Territory[31] Cameroon[31] Cape Verde[31] Christmas Island Comoros Cook Islands (see New Zealand) Djibouti[31] Equatorial Guinea[31] Eritrea[31] Eswatini[31] Ethiopia[31] Falkland Islands (UHF only)[31] Fiji Gambia[31] Guinea-Bissau[31] Iraq[31] (DVB-T introduction in assessment) Jordan[32] (DVB-T introduction in
assessment) Kiribati[31] Kuwait[31] Laos (Once experimented in PAL-M)[31] Lebanon (uses PAL for Lebanese channels) Lesotho[31] Liberia[31] Libya Malawi[31] Maldives[31] Mauritius Mozambique[31] Myanmar[31] (Unofficially, only for non-terrestrial) Nauru[31] Nepal[31] Niue[31] Norfolk Island (see Australia) North Korea (used
SECAM until 1990s)[31] Oman (DVB-T introduction in assessment)[31] Palestine (DVB-T introduction in assessment) Papua New Guinea[31] Saint Helena, Ascension and Tristan da Cunha (Two PAL-I analogue TV services operated by BFBS) Samoa[31] Sao Tomé and Principe Seychelles[31] Sierra Leone[31] Solomon Islands Somalia[31] South
Africa (Simulcast in DVB-T) South Sudan Sri Lanka[31] Sudan[31] Syria (along with SECAM)[31] Timor-Leste Tonga[31] (Simulcast in DVB-T) Turkey Tuvalu[31] Uganda[31] Vanuatu[31] Yemen[31] (DVB-T introduction in assessment) Zimbabwe[31] Brazil[a] Argentina[b] Paraguay (Simulcast in ISDB-Tb) Uruguay (Simulcast in ISDB-Tb) The
following countries and territories no longer use PAL for terrestrial broadcasts, and are in process of converting from PAL to DVB-T/T2, DTMB or ISDB-T. Country Switched to Switchover completed Albania DVB-T2 2019-10-011 October 2019 Andorra DVB-T 2007-09-2525 September 2007 Australia DVB-T 2013-12-1010 December 2013 Austria
DVB-T and DVB-T2 2010-06-077 June 2011 Azerbaijan DVB-T 2015-06-1717 June 2015 Bangladesh DVB-T 2024-11-3030 November 2024 Belgium DVB-T 2010-03-011 March 2010 Bosnia and Herzegovina DVB-T 2024-12-3131 December 2024 Brunei DVB-T 2015-01-011 January 2015 Bulgaria DVB-T 2013-09-3030 September 2013 Cambodia DVB-
T2 2015-01-011 January 2015 China DTMB 2021-03-3131 March 2021 Croatia DVB-T2 2020-11-1212 November 2020[33] Cyprus DVB-T 2011-07-011 July 2011 Czech Republic DVB-T and DVB-T2 2012-06-3030 June 2012 Denmark DVB-T and DVB-T2 2009-11-011 November 2009 Egypt DVB-T 2024-09-3030 September 2024 Estonia DVB-T 2010-
07-011 July 2010 Faroe Islands DVB-T 2002-12December 2002 Finland DVB-T and DVB-T2 2007-09-011 September 2007 Georgia DVB-T 2015-07-011 July 2015 Germany DVB-T and DVB-T2 2009-06-044 June 2009 Ghana DVB-T2 2015-06June 2015 Greece DVB-T 2015-02-056 February 2015 Gibraltar DVB-T 2012-12-3131 December 2012
Guernsey DVB-T 2010-11-1717 November 2010 Hong Kong DTMB 2020-12-011 December 2020 Hungary DVB-T and DVB-T2 2013-10-3131 October 2013 Iceland DVB-T and DVB-T2 2015-02-022 February 2015 India DVB-T 2015-03-3131 March 2015 Indonesia DVB-T2 2023-08-1212 August 2023[34] Iran DVB-T 2014-12-1919 December 2014
Ireland DVB-T 2012-10-2424 October 2012 Isle of Man DVB-T 2012-10-2424 October 2012 Israel DVB-T and DVB-T2 2011-06-1313 June 2011 Italy DVB-T 2012-07-044 July 2012 Jersey DVB-T 2010-11-1717 November 2010 Kenya DVB-T 2015-03March 2015 Latvia DVB-T 2010-06-011 June 2010 Lithuania DVB-T 2012-10-2929 October 2012
Luxembourg DVB-T 2006-09-011 September 2006 Macau DTMB 2023-06-3030 June 2023[35] North Macedonia DVB-T 2013-05-3131 May 2013 Malaysia DVB-T2 2019-10-3131 October 2019 Malta DVB-T 2011-10-3131 October 2011 Monaco DVB-T 2011-05-2424 May 2011 Moldova DVB-T 2024-12-3131 December 2024 Mongolia DVB-T 2024-12-
2020 December 2024 Montenegro DVB-T 2015-06-1717 June 2015 Namibia DVB-T 2014-09-1313 September 2014 Netherlands DVB-T 2006-12-1414 December 2006 New Zealand DVB-T 2013-12-011 December 2013 Nigeria DVB-T 2024-12-1515 December 2024 Norway DVB-T 2009-12December 2009[36] Poland DVB-T2[37] 2013-07-2323 July
2013 Portugal DVB-T 2012-04-2626 April 2012 Qatar DVB-T and DVB-T2 2012-02-1313 February 2012 Romania DVB-T2 2016-12-3131 December 2016 Rwanda DVB-T 2014-03March 2014 San Marino DVB-T 2010-12-022 December 2010 Saudi Arabia DVB-T and DVB-T2 2012-02-1313 February 2012 Serbia DVB-T2 2015-06-077 June 2015
Singapore DVB-T2 2019-01-022 January 2019 Slovakia DVB-T 2012-12-3131 December 2012 Slovenia DVB-T 2010-12-011 December 2010 Spain DVB-T and DVB-T2 2010-04-033 April 2010 Sweden DVB-T and DVB-T2 2007-10-2929 October 2007 Switzerland DVB-T 2007-11-2626 November 2007 Tanzania DVB-T 2014-07July 2014 Thailand DVB-
T2 2020-03-2626 March 2020 Ukraine DVB-T and DVB-T2 2016-12-3131 December 2016 United Arab Emirates DVB-T and DVB-T2 2012-02-1313 February 2012 United Kingdom DVB-T (SD) and DVB-T2 (HD) 2012-10-2424 October 2012 Vietnam DVB-T2 2020-12-2828 December 2020 Zambia DVB-T2 2014-12-3131 December 2014 Prewar
television stations Broadcast-safe D1 SMPTE D-2 (video) ©~ Simulcast in ISDB-Tb started on 2 December 2007. PAL broadcasting in its final stages of abandonment, the complete shutdown is scheduled to 2025. ~ Simulcast in ISDB-Tb started on 28 August 2008. PAL broadcasting in its final stages of abandonment, the complete shutdown is scheduled
to 2025. ™ a b "PGC categories - Countries using PAL standard". dvd-replica.com. Archived from the original on 22 April 2009. ©~ a b ¢ "PGC categories - Countries using SECAM standard". 23 February 2009. Archived from the original on 23 February 2009. ©~ a b ¢ "PGC categories - Countries using NTSC standard". 22 April 2009. Archived from the
original on 22 April 2009. ~ "Walter Bruch and the PAL Color Television System". 2 March 2020. Retrieved 6 July 2021. In 1963, when he gave a public presentation of the Phase Alternation Line to a group of experts from the European Broadcasting Union in Hannover ©~ "Walter Bruch; PAL Television". 7 December 2019. Archived from the original
on 6 October 2024. Retrieved 14 July 2021. In 1950s, when Telefunken commissioned Bruch to invent an automated differential phase correction for color television. That's why he was awarded. ~ abcd e fghi"45 Years Anniversary of Walter Bruch's PAL Color Television". radiomuseum.org. Archived from the original on 7 April 2022. Retrieved 15
March 2022. ©~ "English translation of 'Bruch'. Collins German to English Dictionary. ©~ The standard that defines the PAL system was last published by the International Telecommunication Union in 1998 and has the title Recommendation ITU-R BT.470, Conventional Television Systems Archived 20 September 2019 at the Wayback Machine ~
"Telefunken PALcolour 708 TV advert". www.radiomuseum.org. Archived from the original on 15 March 2022. Retrieved 15 March 2022. ™ "Loewe-Farbfernseher S 920 & F 900 PAL TV advert". buizenradioclub.nl. Archived from the original on 6 October 2024. Retrieved 15 March 2022. ©~ "La guerra della tv a colori". web.archive.org. 8 February
2017. Retrieved 22 March 2025. ™ "La tv a colori in Italia - Televisione anni 70". web.archive.org. 29 February 2012. Retrieved 22 March 2025. ©~ "EUR-Lex - 31993D0424 - EN". Official Journal L. 196. 5 August 1993. pp. 48-54. ~ "Fluke PM5420 Application Note PALplus" (PDF). assets.fluke.com. Archived from the original (PDF) on 3 March 2016.
Retrieved 12 January 2022. ~ "What Is a NTSC Format DVD? How Can I Play a NTSC DVD in the UK Without Restriction?". videoconverterfactory.com. Archived from the original on 7 April 2022. Retrieved 15 March 2022. ~ a b "Tech Notes: Colour TV". 16 July 2007. Archived from the original on 16 July 2007. Retrieved 21 October 2022. ~ a b
"Horizontal Blanking Interval of 405-, 525-, 625- and 819-Line Standards" (PDF). Archived from the original (PDF) on 29 May 2009. 090426 pembers.freeserve.co.uk ™~ a b ¢ "NTSC, PAL, and SECAM Overview" (PDF). p. 52. Archived from the original (PDF) on 7 July 2012. Retrieved 26 April 2009. ©~ LDK 5400 Triax Adapter Technical Manual (PDF).
Thomson Multimedia Broadcast Solutions. 2002. Archived (PDF) from the original on 31 March 2023. Retrieved 27 February 2023. ©~ "Vertical Blanking Interval of 625-Line Standard (PAL Colour)" (PDF). Archived from the original (PDF) on 28 April 2016. Retrieved 3 September 2015. ©~ a b ¢ d "Recommendation ITU-R BT.470-6 - Conventional
Television Systems" (PDF). Archived (PDF) from the original on 21 January 2022. Retrieved 19 January 2022. ™ a b "Recommendation ITU-R BT.470-6 - Conventional Television Systems, p.16" (PDF). Archived (PDF) from the original on 21 January 2022. Retrieved 14 March 2022. ™ "Changes to the terrestrial television systems in Central and East
European countries" (PDF). EBU. Archived (PDF) from the original on 17 July 2011. Retrieved 11 September 2010. ~ "La TV se muda" (PDF) (in Spanish). Archived (PDF) from the original on 6 October 2024. Retrieved 3 April 2024. ~ Iazbec; Soria; Tulli; Gonzalez (1999). Estudio de las tecnicas de transcodificacion de sefales de television PAL-B /
PAL-N (in Spanish). Vol. 10. Centro de Informacion Tecnologica. pp. 341-349. Archived from the original on 6 October 2024. Retrieved 4 April 2024. ©~ "The Virtual Console's PAL Problem". 15 April 2010. Archived from the original on 27 July 2021. Retrieved 27 July 2021. ~ "Playback of NTSC Videos on PAL Equipment". Archived from the original on
6 October 2024. Retrieved 29 June 2019. ©~ ""The CCIR, the standards and the TV sets' market in France" (section III.1)" (PDF). Archived (PDF) from the original on 20 October 2016. Retrieved 28 February 2017. ~ "Les Videodisques", Georges Broussaud (head/member of development team), editions Masson ©~ Recommendation ITU-R BT.470-6 -
Conventional Television Systems (PDF). ITU Radiocommunication Assembly. 1998. pp. 29-34. Archived (PDF) from the original on 21 January 2022. Retrieved 19 January 2022. “abcdefghijklmnopqgrstuvwxyzaaab ac ad ae af ag ah ai aj ak al am an ao ap aq ar as Michael Hegarty; Anne Phelan; Lisa Kilbride (1 January 1998).
Classrooms for Distance Teaching and Learning: A Blueprint. Leuven University Press. pp. 260-. ISBN 978-90-6186-867-5. Archived from the original on 6 October 2024. Retrieved 16 December 2015. ™ "PAL / NTSC / SECAM countries list". Archived from the original on 21 February 2016. Retrieved 9 December 2017. ©~ "Prijelaz na DVB-T2 TV signal
s HEVC (H.265) sazimanjem | OIV digitalni signali i mreze". gledajbezbrige.oiv.hr (in Croatian). Archived from the original on 2 January 2024. Retrieved 2 January 2024. ©~ "Siaran TV Analog Disetop di Seluruh RI 12 Agustus 2023". detik.com. Archived from the original on 15 October 2023. Retrieved 22 September 2023. ©~ "TDM to switch off analogue
television transmission system". TDM. Archived from the original on 13 July 2023. Retrieved 13 July 2023. ~ "TV og radio". 17 March 2020. Archived from the original on 8 December 2016. Retrieved 28 April 2023. ~ "Zmiana standardu nadawania kanaléw TVP na DVB-T2/HEVC - Nowa telewizja cyfrowa (DVB-T2) - Portal Gov.pl". Nowa telewizja
cyfrowa (DVB-T2) (in Polish). Archived from the original on 6 October 2024. Retrieved 8 August 2024. Wikimedia Commons has media related to PAL. Review of the different refresh rates of PAL, NTSC and motion picture films World TV standards Retrieved from " 2Video or display resolutions with a width of around 4,000 pixels 4K resolution refers
to a horizontal display resolution of approximately 4,000 pixels.[1] Digital television and digital cinematography commonly use several different 4K resolutions. In television and consumer media, 3840 x 2160 (4K UHD) with a 16:9 aspect ratio is the dominant standard, whereas the movie projection industry uses 4096 x 2160 (DCI 4K). The 4K
television market share increased as prices fell dramatically throughout 2013 and 2014.[2][3] Comparison of common broadcast resolutions Comparison of common display resolutions The term "4K" is generic and refers to any resolution with a horizontal pixel count of approximately 4,000.[4]:2 Several different 4K resolutions have been standardized
by various organizations. The terms "4K" and "Ultra HD" are used more widely in marketing than "2160p" (cf. "1080p"). While typically referring to motion pictures, some digital camera vendors have used the term "4K photo" for still photographs, making it appear like an especially high resolution even though 3840x2160 pixels equal approximately
8.3 megapixels, which is not considered to be especially high for still photographs.[5] Comparison of DCI and UHD resolutions In 2005, Digital Cinema Initiatives (DCI), a prominent standards organization in the cinema industry, published the Digital Cinema System Specification. This specification establishes standardized 2K and 4K container
formats for digital cinema production, with resolutions of 2048 x 1080 and 4096 x 2160 respectively.[6]:84.3.1 The resolution of the video content inside follows the SMPTE 428-1 standard,[6]:83.2.1 which establishes the following resolutions for a 4K distribution:[7]:6 4096 x 2160 (full frame, 256:135 or =1.90:1 aspect ratio) 3996 x 2160 (flat crop,
1.85:1 aspect ratio) 4096 x 1716 (CinemaScope crop, =2.39:1 aspect ratio) 2K distributions can have a frame rate of either 24 or 48 FPS, while 4K distributions must have a frame rate of 24 FPS.[6]:83.1.4.2 Some articles claim that the terms "2K" and "4K" were coined by DCI and refer exclusively to the 2K and 4K formats defined in the DCI standard.
[8] However, usage of these terms in the cinema industry predates the publication of the DCI standard,[9][10][11][12] and they are generally understood as casual terms for any resolution approximately 2000 or 4000 pixels in width, rather than names for specific resolutions.[4]:2[13]:109 In 2007, the Society of Motion Picture and Television
Engineers published SMPTE ST 2036-1, which defines parameters for two UHDTYV systems called UHDTV1 and UHDTV2.[14][15] The standard defines the following characteristics for these systems: A resolution of 3840 x 2160 (UHDTV1) or 7680 x 4320 (UHDTV2)[15]:§5.2 Square (1:1) pixels, for an overall image aspect ratio of 16:9[15]:85.1 A
framerate of 23.976, 24, 25, 29.97, 30, 50, 59.94, 60, 100, 119.88, or 120 Hz with progressive scan[15]:§1.2 RGB, YCBCR 4:4:4, 4:2:2, or 4:2:0 pixel encoding[15]:§7.7 10 bpc (30 bit/px) or 12 bpc (36 bit/px) color depth[15]:81.2 Colorimetry characteristics as defined in the standard, including color primaries, quantization parameters, and the electro-
optical transfer function. These are the same characteristics later standardized in ITU-R BT.2020. UHDTV1 systems are permitted to use BT.709 color primaries up to 60 Hz.[15]:§6.2 In 2012, the International Telecommunication Union, Radiocommunication Sector published Recommendation ITU-R BT.2020, also known as the Ultra High Definition
Television (UHDTV) standard.[16] It adopts the same image parameters defined in SMPTE ST 2036-1.[17] Although the UHDTV standard does not define any official names for the formats it defines, ITU typically uses the terms "4K", "4K UHD", or "4K UHDTV" to refer to the 3840 x 2160 system in public announcements and press releases ("8K" for
the 7680 x 4320 system).[18] In some of ITU's other standards documents, the terms "UHDTV1" and "UHDTV2" are used as shorthand.[19] In October 2012, the Consumer Electronics Association (CEA) announced their definition of the term Ultra High-Definition (or Ultra HD) for use with marketing consumer display devices.[20] CEA defines an Ultra
HD product as a TV, monitor, or projector with the following characteristics:[21] A resolution of 3840 x 2160 or larger An aspect ratio of 1.77:1 (16:9) or wider Support for color depth of 8 bpc (24 bit/px) or higher At least one HDMI input capable of supporting 3840 x 2160 at 24, 30, and 60 Hz progressive scan (though not necessarily with RGB /
Y CBCR 4:4:4 color), and HDCP 2.2 Capable of processing images according to the color space defined in ITU-R BT.709 Capable of upscaling HD content (i.e. 720p / 1080p) The CEA definition does allow manufacturers to use other terms—such as 4K—alongside the Ultra HD logo.[4]:9 Since the resolution in CEA's definition is only a minimum
requirement, displays with higher resolutions such as 4096 x 2160 or 5120 x 2880 also qualify as "Ultra HD" displays, provided they meet the other requirements. Some 4K resolutions, like 3840 x 2160, are often casually referred to as 2160p.[22][23][24] This name follows from the previous naming convention used by HDTV and SDTV formats, which
refer to a format by the number of pixels/lines along the vertical axis (such as "1080p" for 1920 x 1080 progressive scan, or "480i" for the 480-line interlaced SDTV formats) rather than the horizontal pixel count (=4000 or "4K" for 3840 x 2160). The term "2160p" could be applied to any format with a height of 2160 pixels, but it is most commonly
used in reference to the 4K UHDTYV resolution of 3840 x 2160 due to its association with the well-known 720p and 1080p HDTV formats. Although 3840 x 2160 is both a 4K resolution and a 2160p resolution, these terms cannot always be used interchangeably since not all 4K resolutions are 2160 pixels tall, and not all 2160p resolutions are =4000
pixels wide. However, some companies have begun using the term "4K" to describe devices with support for a 2160p resolution, even if it is not close to 4000 pixels wide. For example, many "4K" dash cams only support a resolution of 2880 x 2160 (4:3);[25][26] although this is a 2160p resolution, it is not a 4K resolution. Conversely, Samsung
released a 5120 x 2160 (64:27) TV, but marketed it as a "4K" TV despite its 5K-class resolution.[27][28] In 2015, LG Display announced the implementation of a new technology called M+ which is the addition of white subpixel along with the regular RGB dots in their IPS panel technology.[29] The media and internet users later called this "RGBW"
TVs because of the white sub pixel. Most of the new M+ technology was employed on 4K TV sets which led to a controversy after tests showed that the addition of a white sub pixel replacing the traditional RGB structure would reduce the resolution by around 25%. After tests done by Intertek in which the technical aspects of LG M+ TVs were
analyzed and they concluded that "the addressable resolution display is 2,880 X 2,160 for each red, green, blue", in other words, the LG TVs were technically 2.8K as it became known in the controversy.[30][31] Although LG Display has developed this technology for use in notebook display, outdoor and smartphones, it is more popular in the TV
market due to the supposed 4K UHD marketed resolution but still being incapable of achieving true 4K UHD resolution as defined by the CTA as 3840x2160 active pixels with 8-bit per color. This negatively impacts the rendering of text, making it a bit fuzzier, which is especially noticeable when a TV is used as a PC monitor.[32][33][34]1[35][36] In
2019, Sony was granted the CinemaWide trademark by the European Union Intellectual Property Office (EUIPO), in which the trademark covers 'Class 9' electronic devices, including smartphones.[37] According to Sony and SID,[38] the standard defines a CinemaWide 4K product with the following characteristics: A resolution of 3840 x 1644 or
larger An aspect ratio of 21:9 Capable of playing back 4K resolution video (2160p) in an aspect ratio of 21:9 Capable of upscaling non-4K content (i.e. 720p / 1080p)[39] Sony Xperia smartphones are the most widely known products that equipped with CinemaWide 4K display, such as Xperia 1, Xperia 1 II, Xperia 1 III, Xperia 1 IV and Xperia 1 V. Video
sharing website YouTube and the television industry have adopted 3840 x 2160 as their 4K standard.[40][41] As of 2014[update], 4K content from major broadcasters remained limited.[42] By late 2014, 4K content was becoming more widely available online, including on Apple TV, YouTube, Netflix, Hulu, and Amazon Prime Video.[43][44] By 2013,
some UHDTV models were available to general consumers in the range of US$600.[45][46] As of 2015[update], prices on smaller computer and television panels had dropped below US$400.[47] On March 26, 2013, the Advanced Television Systems Committee announced new proposals of a new standard called ATSC 3.0 which would implement UHD
broadcasts at resolutions of up to 3840 x 2160 or 7680 x 4320.[48][49][50][51] The standard would also include framerates of up to 120 Hz, HEVC encoding, wide color gamut, as well as high dynamic range.[52][53][54] In 2014, the Digital Video Broadcasting Project released a new set of standards intended to guide the implementation of high
resolution content in broadcast television. Dubbed DVB-UHDTYV, it establishes two standards, known as UHD-1 (for 4K content) and UHD-2 (for 8K content). These standards use resolutions of 3840 x 2160 and 7680 x 4320 respectively, with framerates of up to 60 Hz, color depth up to 10 bpc (30 bit/px), and HEVC encoding for transmission.[55] DVB
is currently focusing on the implementation of the UHD-1 standard.[56] DVB finalized UHD-1 Phase 2 in 2016, with the introduction of service by broadcasters expected in 2017. UHD-1 Phase 2 adds features such as high dynamic range (using HLG and PQ at 10 or 12 bits), wide color gamut (BT. 2020/2100 colorimetry), and high frame rate (up to
120 Hz).[57]1[56] As of February 2025, both YouTube and Vimeo support high-resolution video uploads, with maximum resolutions of 4096 x 2304 pixels (approximately 9.4 megapixels) and 4096 x 2160 pixels (approximately 8.8 megapixels), respectively.[58] The growing availability of 4K content across streaming platforms like Netflix, Amazon
Prime Video, and YouTube has made it more accessible to consumers. Vimeo's 4K content is currently limited to mostly nature documentaries and tech coverage.[59][60] High Efficiency Video Coding (HEVC or H.265) facilitates streaming of 4K content at bitrates between 20 to 30 Mbit/s, offering efficient compression without significant quality loss.
[61] In January 2014, Naughty America launched the first adult video service streaming in 4K.[62][63] In February 2025, Super Bowl LIX was broadcast in 4K resolution with Dolby Vision HDR and Dolby Atmos sound for the first time. Fox aired the game, and it was also available for free streaming in 4K on Tubi, marking a significant milestone in
sports broadcasting.[64][65] See also: Category: Mobile phones with 4K video recording The first mobile phones to be able to record at 2160p (3840 x 2160) were released in late 2013, including the Samsung Galaxy Note 3, which is able to record 2160p at 30 frames per second. In the year 2014, the OnePlus One was released with the option to
record DCI 4K (4096 x 2160) at 24 frames per second, as well as LG G3 and Samsung Galaxy Note 4 with optical image stabilization. In the year 2015, Apple announced the iPhone 6s was released with the 12 megapixel camera that has the option to record 4K at 25 or 30 frames per second. In the years 2017 and 2018, mobile phone chipsets reached
sufficient processing power that mobile phone vendors started releasing mobile phones that allow recording 2160p footage at 60 frames per second for a smoother and more realistic appearance.[66] iMac with Retina Display (2014) is one of the earliest computers that utilise 4K widescreen.[67] Samsung UN105S9 105-inch (2,700 mm) ultra-high-
definition 4K television In 1984, Hitachi released the ARTC HD63484 graphics processor, which was capable of displaying up to 4K resolution when in monochrome mode.[68] The resolution was targeted at the bit-mapped desktop publishing market.[68] The first commercially available 4K camera for cinematographic purposes was the Dalsa Origin,
released in 2003.[69][70] 4K technology was developed by several research groups in universities around the world, such as University of California, San Diego, CALIT2, Keio University, Naval Postgraduate School and others that realized[71] several demonstrations in venues such as IGrid in 2004 and CineGrid. YouTube began supporting 4K for
video uploads in 2010 as a result of leading manufacturers producing 4K cameras.[72] Users could view 4K video by selecting "Original" from the quality settings until December 2013, when the 2160p option appeared in the quality menu.[73] In November 2013, YouTube began to use the VP9 video compression standard, saying that it was more
suitable for 4K than High Efficiency Video Coding (HEVC). Google, which owns YouTube, developed VP9.[72] Theaters began projecting movies at 4K resolution in 2011.[74] Sony was offering 4K projectors as early as 2004.[75] The first 4K home theater projector was released by Sony in 2012.[76] Despite this, there's not many finished films with 4K
resolution as of 2023. Even for movies and TV shows shot using 6K or 8K cameras, almost all finished films are edited in HD resolution and enlarged to fit a 4K format.[77] Sony is one of the leading studios promoting UHDTV content, as of 2013[update] offering a little over 70 movie and television titles via digital download to a specialized player that
stores and decodes the video. The large files (=40 GB), distributed through consumer broadband connections, raise concerns about data caps.[78] In 2014, Netflix began streaming House of Cards, Breaking Bad,[79] and "some nature documentaries" at 4K to compatible televisions with an HEVC decoder. Most 4K televisions sold in 2013 did not
natively support HEVC, with most major manufacturers announcing support in 2014.[80] Amazon Studios began shooting their full-length original series and new pilots with 4K resolution in 2014.[81] They are now currently available through Amazon Video.[82] In March 2016 the first players and discs for Ultra HD Blu-ray—a physical optical disc
format supporting 4K resolution and high-dynamic-range video (HDR) at 60 frames per second—were released.[83] On August 2, 2016, Microsoft released the Xbox One S, which supports 4K streaming and has an Ultra HD Blu-ray disc drive, but does not support 4K gaming.[84] On November 10, 2016, Sony released the PlayStation 4 Pro, which
supports 4K streaming and gaming,[85] though many games use checkerboard rendering or are upscaled 4K.[86] On November 7, 2017, Microsoft released the Xbox One X, which supports 4K streaming and gaming,[87] though not all games are rendered at native 4K.[88] This section may need to be rewritten to comply with Wikipedia's quality
standards. You can help. The talk page may contain suggestions. (July 2024) Though the price of home cinema viewing devices began to drop rapidly from 2013, the digital video projector market saw limited expansion as very few manufacturers had fully 4K-capable lineups. Native 4K projectors remained priced in the five-figure range well into 2015,
only falling below US$10,000 later that year. Sony was the sole major manufacturer offering a comprehensive 4K projection solution as of 2015.[89] Critics argue that, at typical direct-view panel sizes and viewing distances, the extra pixels of 4K are unnecessary for normal human vision.[citation needed] In contrast, home cinema projectors use
larger screens without necessarily increasing the viewing distance to match the scale. One technique to provide a more affordable 4K experience in home cinema projectors is "e-shift." Developed by some manufacturers, e-shift extrapolates additional pixels from 1080p sources to either upscale to 4K or display 4K from native 4K sources at a much
lower price point than native 4K projectors. This technology reached its fourth generation in 2016.[90][911[92][93] JVC applied this technology to create an 8K flight simulation system for Boeing, meeting the visual acuity limits of 20/25.[94] The first pixel-shifted 4K UHD projectors adopted by the market are Optoma, BenQ, Dell, et al., for those adopt



a 2718x1528 pixel structure. The amount of data these projectors process is true 4K, but they overlap the pixels, which is what pixel shifting is. In fact, each of those pixels is far larger. In fact, each one has 50% more area than true 4K. Pixel shifting projectors. This way, they project a pixel and shift it up to the right by a half diameter and project it
again with modified data—the second pixel overlaid on the first. This would result in adjacent red and green pixels effectively forming yellow, with a fringe on one side of red, on the other of green—except that the fringe takes on another color as the next line of pixels overlaps too. 4K UHD or 1080p pixel shifting cannot reveal the fine detail of a true
4K projector such as those Sony ships in the business, education, and home markets. JVC has one true 4K at $35,000 (in mid-2017) and another for $120,000.[citation needed] While projecting UHD, it might look as though the pixel structures would have 1/4 the area of 1080p; it just doesn't happen with pixel shifting. That much resolution is only
carried by a true 4K projector. This is why "true" 4K costs so much more than 4K UHD projectors that have more or less similar feature sets. They produce smaller pixels, finer resolution—no loss of detail or color from the overlapping pixels. This is in stark contrast to the small variation in the aspect ratio difference, which would be capable of being
noticeable in a few companies, such as Kaleidescape, offering media servers that enable 4K UHD Blu-ray movies with a wide dynamic range in a home theater.[95] In November 2014, American satellite provider DirecTV (owned by AT&T) became the first pay-TV provider to offer access to 4K content, although limited to selected video-on-demand
films.[96] In August 2015, British sports network BT Sport launched a 4K feed, with its first broadcast being the 2015 FA Community Shield football match. Two production units were used, producing the traditional broadcast in high-definition, and a separate 4K broadcast. As the network did not want to mix 4K footage with upconverted HD footage,
this telecast did not feature traditional studio segments at pre-game or half-time, but those hosted from the stadium by the match commentators using a 4K camera. BT envisioned that if viewers wanted to watch studio analysis, they would switch to the HD broadcast and then back for the game. Footage was compressed using H.264 encoders and
transmitted to BT Tower, where it was then transmitted back to BT Sport studios and decompressed for distribution, via 4K-compatible BT TV set-top boxes on an eligible BT Infinity internet plan with at least a 25 Mbit/s connection.[97][98] In late 2015 and January 2016, three of Canada's television providers - including Quebec-based Vidéotron,
Ontario-based Rogers Cable, and Bell Fibe TV, announced that they would begin to offer 4K compatible set-top boxes that can stream 4K content to subscribers over gigabit internet service.[99][100] On October 5, 2015, alongside the announcement of its 4K set-top box and gigabit internet, Canadian media conglomerate Rogers Communications
announced that it planned to produce 101 sports telecasts in 4K in 2016 via its Sportsnet division, including all Toronto Blue Jays home games, and "marquee" National Hockey League games beginning in January 2016. Bell Media announced via its TSN division a slate of 4K telecasts to begin on January 20, 2016, including selected Toronto Raptors
games and regional NHL games.[101][102][103] On January 14, 2016, in cooperation with BT Sport, Sportsnet broadcast the first ever NBA game produced in 4K - a Toronto Raptors/Orlando Magic game at O2 Arena in London, England. On January 20, also during a Raptors game, TSN presented the first live 4K telecast produced in North America.
[99][101][104] Three days later, Sportsnet presented the first NHL game in 4K.[105] Dome Productions, a joint venture of Bell Media and Rogers Media (the respective owners of TSN and Sportsnet), constructed a "side-by-side" 4K mobile production unit shared by Sportsnet and TSN's first 4K telecasts; it was designed to operate alongside a separate
HD truck and utilize cameras capable of output in both formats.[106] For the opening game of the 2016 Toronto Blue Jays season, Dome constructed "Trillium" - a production truck integrating both 4K and 1080i high-definition units.[107] Bell Media's CTV also broadcast the 2016 Juno Awards in 4K as the first awards show presented in the format.
[108] In February 2016, Spanish-language Univision trialed 4K by producing a closed-circuit TV broadcast of a football friendly between the national teams of Mexico and Senegal from Miami (America) in the format. The broadcast was streamed privately to several special viewing locations. Univision aimed to develop a 4K streaming app to publicly
televise the final of Copa América Centenario in 4K.[109][110][111] In March 2016, DirecTV and CBS Sports announced that they would produce the "Amen Corner" supplemental coverage from the Masters golf tournament in 4K.[112][113] In late 2016, Telus TV announced that they would begin to offer 4K compatible set-top boxes.[114] After having
trialed the technology in limited matches at the 2013 FIFA Confederations Cup,[115] and the 2014 FIFA World Cup (via private tests and public viewings in the host city of Rio de Janeiro),[116] the 2018 FIFA World Cup was the first FIFA World Cup in which all matches were produced in 4K. Host Broadcasting Services stated that at least 75% of the
broadcast cut on each match would come from 4K cameras (covering the majority of main angles), with instant replays and some camera angles being upconverted from 1080p sources. These broadcasts were made available from selected rightsholders, such as the BBC in the UK, and selected television providers in the United States.[117][118][119]
Technical limitations in distributing 4K broadcasts (including the increased cost of 4K-compatible production equipment)[120] have led to some broadcasters deciding against the format in favour of emphasizing 1080p/HDR broadcasts instead. After having broadcast UEFA Euro and the Champions League final in the format, UEFA discontinued 4K
coverage for both in 2024, as broadcasters elected to put resources behind HDR and other on-air features instead.[121] Some U.S. broadcasters, such as CBS Sports,[122][123] Fox Sports,[124] and USA Network[125] have broadcast events promoted as having "4K" feeds, but are actually 1080p/HDR broadcasts upconverted to 4K. For the 2024
Summer Olympics, USA Network's "4K" coverage was sourced from host broadcaster Olympic Broadcasting Services (OBS) in 4K, but downconverted to 1080p when received by NBC Sports' studios, and then upconverted to 4K for distribution.[125] Examples of some 4K resolutions used in displays and media Format Resolution Aspect ratio Pixels -
4096 x 3072 1.33 4:3 12,582,912 - 4096 x 2560 1.6 16:10 10,485,760 - 4096 x 2304 1.77 16:9 9,437,184 DCI 4K (full frame) 4096 x 2160 =1.90 256:135 8,847,360 DCI 4K (CinemaScope cropped) 4096 x 1716 =2.39 1024:429 7,020,544 DCI 4K (flat cropped) 3996 x 2160 1.85 37:20 8,631,360 WQUXGA 3840 x 2400 1.6 16:10 9,216,000 4K UHD 3840 x
2160 1.77 16:9 8,294,400 - 3840 x 1920 2.0 2:1 7,372,800 - 3840 x 1620 2.370 64:27 6,220,800 - 3840 x 1600 2.4 12:5 6,144,000 DFHD 3840 x 1080 3.55 32:9 4,147,200 The resolution of 3840 x 2160 is the dominant 4K resolution in the consumer media and display industries. This is the resolution of the UHDTV1 format defined in SMPTE ST 2036-1,
[15] as well as the 4K UHDTV format defined by ITU-R in Rec. 2020,[16] and is also the minimum resolution for CEA's definition of Ultra HD displays and projectors.[21] The resolution of 3840 x 2160 was also chosen by the DVB project for their 4K broadcasting standard, UHD-1.[56] This resolution has an aspect ratio of 16:9, with 8,294,400 total
pixels. It is exactly double the horizontal and vertical resolution of 1080p (1920 x 1080) for a total of 4 times as many pixels, and triple the horizontal and vertical resolution of 720p (1280 x 720) for a total of 9 times as many pixels. It is sometimes referred to as "2160p", based on the naming patterns established by the previous 720p and 1080p HDTV
standards. In 2013, televisions capable of displaying UHD resolutions were seen by consumer electronics companies as the next trigger for an upgrade cycle after a lack of consumer interest in 3D television.[126] This resolution is used mainly in digital cinema production, and has a total of 8,847,360 pixels with an aspect ratio of 256:135 (=19:10). It
was standardized as the resolution of the 4K container format defined by Digital Cinema Initiatives in the Digital Cinema System specification, and is the native resolution of all DCI-compliant 4K digital projectors and monitors.[6] The DCI specification allows several different resolutions for the content inside the container, depending on the desired
aspect ratio. The allowed resolutions are defined in SMPTE 428-1:[6]:83.2.1[7]:p. 6 4096 x 2160 (full frame, 256:135 or =1.90:1 aspect ratio) 3996 x 2160 (flat crop, 1.85:1 aspect ratio) 4096 x 1716 (CinemaScope crop, =2.39:1 aspect ratio) The DCI 4K standard has twice the horizontal and vertical resolution of DCI 2K (2048 x 1080), with four times
as many pixels overall. Digital movies made in 4K may be produced, scanned, or stored in a number of other resolutions depending on what storage aspect ratio is used.[127][128] In the digital cinema production chain, a resolution of 4096 x 3112 is often used for acquiring "open gate" or anamorphic input material, a resolution based on the historical
resolution of scanned Super 35 mm film.[129] Various other non-standardized 4K resolutions have been used in displays, including: 4096 x 2560 (1.60:1 or 16:10); this resolution was used in the Canon DP-V3010, a 30-inch (76 cm) 4K reference monitor designed for reviewing cinema footage in post-production, released in 2013.[130] 4096 x 2304
(1.77:1 or 16:9); this resolution was used in the 21.5-inch (55 cm) LG UltraFine 22MD4KA 4K monitor, jointly announced by LG and Apple in 2016[131] and used in the 21.5" 4K Retina iMac computer. 3840 x 2400 (1.60:1 or 16:10); this resolution was used in the 22.2-inch (56 cm) IBM T220 and T221 monitors, released in 2001 and 2002 respectively.
This resolution is also referred to as "WQUXGA", and is four times the resolution of WUXGA (1920 x 1200).[132] More recently, this resolution has returned in the Dell XPS Laptop series, under the name "UHD+".[133] 3840 x 1920 (2:1 or 16:8); this resolution is largely used by 360° videos[134] as they largely use a 2:1 aspect ratio. The reason is to
represent a 360° on the horizontal axis and a 180° on the vertical. 3840 x 1600 (2.40:1 or 12:5); a number of computer monitors with this resolution have been produced, the first being the 37.5-inch (95 cm) LG 38UC99-W released in 2016. This resolution is equivalent to WQXGA (2560 x 1600) extended in width by 50%, or 3840 x 2160 reduced in
height by =26%.[135] LG refers to this resolution as "WQHD+" (Wide Quad HD+),[136] while Acer uses the term "UW-QHD+" (Ultra-wide Quad HD+)[137] and some media outlets have used the term "UW4K" (Ultra-wide 4K).[138][139] 3840 x 1080 (3.55:1 or 32:9); this resolution was first used in the Samsung C49HG?70, a 49-inch (120 cm) curved
gaming monitor released in 2017. This resolution is equivalent to dual 1080p displays (1920 x 1080) side-by-side, but with no border interrupting the image. It is also exactly one half of a 4K UHD (3840 x 2160) display. Samsung refers to this resolution as "DFHD" (Dual Full HD).[140] Sony Handycam FDR-AX1 See also: List of 4K video recording
devices The main advantage of recording video at the 4K standard is that fine spatial detail is resolved well.[141] Individual still frames extracted from 3840x2160-pixel video footage can act as 8.3 megapixel still photographs, while only 2.1 megapixels at 1080p and 0.9 megapixels at 720p. If the final video resolution is reduced to 2K from a 4K
recording, more detail is apparent than would have been achieved from a native 2K recording.[141] Increased fineness and contrast is then possible with output to DVD and Blu-ray.[142] Some cinematographers record at 4K with the Super 35 film format to offset any resolution loss that may occur during video processing.[143] In full size, this image
shows the difference between four subsampling schemes. The color images appear similar. The lower row shows the resolution of the color information. Many consumer electronics such as mobile phones store video footage in YCBCR format with 4:2:0 chroma subsampling, which records color information at only one quarter the resolution as the
brightness information.[144] For 3840 x 2160 video, this means that the color information is only stored at 1920 x 1080.[145] Consumer cameras and mobile phones record 2160p footage at much higher bit rates (usually 50 to 100 Mbit/s) than 1080p (usually 10 to 30 Mbit/s). This higher bit rate reduces the visibility of compression artifacts, even if
viewed on monitors with a lower resolution than 2160p. Film portalTelevision portal 1080p Full HD - digital video format with a resolution of 1920 x 1080, with vertical resolution of 1080 lines 1440p (WQHD) - vertical resolution of 1440 lines List of 4K video recording devices 2K resolution - digital video formats with a horizontal resolution of around
2,000 pixels 5K resolution - digital video formats with a horizontal resolution of around 5,000 pixels, aimed at non-television computer monitor usage 8K resolution - digital video formats with a horizontal resolution of around 8,000 pixels 10K resolution - digital video formats with a horizontal resolution of around 10,000 pixels 16K resolution -
experimental VR format 32K resolution Aspect ratio (image) - proportional relationship between an image's width and height Digital cinema Display resolution standards High Efficiency Video Coding (HEVC) - video standard that supports 4K & 8K UHDTYV and resolutions up to 8192 x 4320 Rec. 2020 - ITU-R recommendation for UHDTV, defining
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