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JPEG-2000—Not Only for Digital Cinema? By Jan van Rooy, Joost UijtdeHaag, and John Hommel



he road for compression seems clear, and is divided between JPEG-2000 for digital cinema and MPEG in the broadcast world. JPEG-2000 has the advantage when it comes to intraframe performance at higher bit rates, necessary for use in large-screen projection environments such as digital cinema. It also solves the 4k versus 2k problem quite elegantly with its multiresolution capability. On the other hand, the bandwidth constraints for broadcast distribution require interframe compression (long GOP), and JPEG-2000 cannot deliver that yet. The position of acquisition, contribution, and (post) production in broadcast is less clear. There are advantages in efficiency when using a long GOP compression format. But long GOP MPEG is difficult for frame-accurate editing. In addition, multiple quality levels are often required for browsing and editing. A workflow using lowresolution proxy video can clearly benefit from the inherent multiresolution capabilities of JPEG-2000. Can JPEG-2000 be proven in an actual broadcast workflow? Has standardization evolved enough, and will the necessary hardware and software be available? Are the required bit rates for HDTV contribution low enough to fit in today’s IT environment? To answer these questions, the workflow requirements are examined. In the following paragraphs, the “sweet spot” for mass-market storage devices and media in terms of throughput bit rate are determined. The next paragraphs explore the performance of JPEG2000 for HDTV. It is also demonstrated that JPEG-2000 will meet the throughput requirements of the storage devices and media with good picture performance. The authors intend to develop elements for a very cost-effective workflow, restricting as much as possible to key components that are not specifically developed for the broadcast industry, but have a wider application. Of course, not all elements in a workflow can be borrowed from other industries. User interfaces, application soft-
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This paper explores how JPEG-2000 will perform in an HDTV workflow environment based on standard computer storage. It shows that there is a “sweet spot” in terms of bit rate that is low enough for recording with standard hardware and high enough to get pictures of sufficient quality. The paper addresses the workflow, recording, and compression schemes, with an emphasis on JPEG2000. The conclusions are based on literature and tests performed to verify the feasibility of JPEG-2000 in a broadcast production workflow.
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JPEG-2000—NOT ONLY FOR DIGITAL CINEMA?



Figure 1. A news application.



ware, camcorders, and other very specific devices still have to be developed specifically for the industry. For JPEG-2000, the hardware and software are available on the open market, and the same is true for the storage devices considered in this paper.



The Workflow The broadcast world moves more and more toward the use of systems coming from the information technology (IT) industry. This move is very apparent and almost complete in (post) production and playout systems, but the benefits it will bring to the acquisition stage are also clear. Current technology enables the use of standard hardware to record content at a quality that is high enough for the first stage in an HDTV production chain. A news application as depicted in Fig. 1 illustrates the various ways in which content is acquired, processed, stored, and distributed in an IT-centric environment. At any stage, content may be acquired, used, or transported on very different quality levels, either in realtime or nonrealtime. Bit rate is adapted to the available bandwidth in the system, and the resolution necessary for viewing. This either requires the use of several formats or a flexible way of getting more quality and resolution levels out of a single compression scheme. In such a newsroom system, often two paths (or even more) can be distinguished for content. One for the main essence with the highest possible quality, and a lower quality, lower resolution format meant for browsing and offline editing. If the decision is made to use two separate versions of the essence, a good management of metadata and timecode is necessary to keep the versions synchronized. With JPEG-2000, both browse level SMPTE Motion Imaging Journal, October 2006 • www.smpte.org



and high resolution and main video may be derived from the same encoded video materials.



Recording and Transmission The computer industry has evolved to a level where video according to any standard can be recorded and transported using IT interfaces and devices. Electronic cinematography proves that it is possible to record any current HDTV material uncompressed over IT networks. However, the use of disk arrays is needed, and the mainstream interfaces, such as 100 Mbit/sec Ethernet interfaces, cannot be used. In a broadcast world, compression is often accepted to build a quicker, smoother, and more cost-effective workflow within the constraints of a mainstream IT infrastructure. Keeping the requirements standard in every stage of the process will lead to more use of standard hardware, while maintaining low costs. In addition to the cost of using high data rates, another factor to consider is that camcorders are portable devices. This limits the choice of recording medium at acquisition, to something that uses minimal power and is small in size. Focusing on the recording media that can be used for a camcorder, the following list of requirements can be made: • Cost effectiveness: preference for off-the-shelf computer media. • It can be used in a portable device. • Medium has to be removable: besides downloading via networked interfaces, physical transport of media has to be possible. Some possible solutions according to these requirements are shown in Table 1.1 401



JPEG-2000—NOT ONLY FOR DIGITAL CINEMA? Table 1—Throughput Rate and Storage Capacity of Various IT Devices Recording Device



Minimum achievable throughput in Mbits/sec



Capacity



Recording time at 75 Mbits/sec



Hard-disk USB



80-240



250 Gbytes and more >



400 min (3.5 in.)



Compact Flash (Extreme III)



160



1, 2, 4 Gbytes



7 min for 4 Gbytes



Iomega REV



100



35-90 Gbytes



58-150 min



It is clear from the above that the “sweet spot” for recording will be somewhere below 100 Mbits/sec. Preferably slightly lower, to allow for some headroom.



clusions: Marcellin & Bilgin:2 • JPEG-2000 image is recognizable above 0.05 bit/pixel. • At 0.25 bit/pixel most artifacts have disappeared. • Between 0.5 and 2 bits/pixel and higher, no visual distortion is visible. Hallbach and Wien:3 Comparison of MPEG-4-AVC with JPEG and JPEG2000: • At 1.5 bits/pixel the performance is about equal between MPEG-4-AVC and JPEG-2000. Both are clearly better than JPEG performance (5 dB PSNR difference). Marpe et al:4 • Concludes a balanced performance in the range of progressive scan, medium to high-resolution video between JPEG-2000 and MPEG-4 AVC. • For HDTV and 70 Mbits/sec, the graphs in Fig. 2 show that JPEG-2000 outperforms MPEG-4-AVC for HDTV and progressive pictures.



Compression Formats in the Workflow Table 2 translates the throughput rate to the required number of bits per pixel after compression for various throughput rates and popular HDTV standards. If 75 Mbits/sec is needed for sufficient headroom for recording on compact flash, USB, or REV drives, JPEG2000 has to perform with compression at approximately 1.2 to 1.6 bits/pixel.



Apply Interframe or Intraframe Compression? In production, the compressed material still has to be edited. That means, in principle, a cut between every frame can occur. Therefore, in broadcast contribution and production there is a long tradition of using I-only compression formats. Using intraframe compression will greatly simplify the editing process, because there are no constraints on where to cut. It will also lead to more predictable results, because recoding the GOP sequence is not necessary.



Tests The tests performed did not seek to repeat the research mentioned previously, but were meant to gain confidence in the usability of JPEG-2000 in an actual workflow. However, the results confirm earlier research.



How Does JPEG-2000 Perform? Picture Quality Issues JPEG-2000 is an intraframe encoding format, and therefore temporal redundancy is not exploited. If the purpose of compression is the distribution of essence and no further editing is expected, long-GOP MPEG will certainly outperform JPEG-2000 in bandwidth efficiency. 402



But if the purpose is production, I-only compression formats are preferred. Several publications on the performance of I-only compression schemes for video exist. Most of them target the compression range of 2 bits/pixel and below. To summarize their con-



Table 2—The Number of Bits/Pixel for Various Video Standards and Compression Schemes



1080i50 720p50 1080p25 1080i60 720p60 1080p24



Bits/pixel at 25 Mbits/sec



Bits/pixel at 50 Mbits/sec



Bits/pixel at 75 Mbits/sec



Bits/pixel at 100 Mbits/sec



0.48 0.54 0.48 0.40 0.45 0.50



0.96 1.08 0.96 0.80 0.90 1.00



1.45 1.63 1.45 1.20 1.36 1.50



1.92 2.17 1.92 1.61 1.81 2.01
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Figure 2. The compression test system.



A first set of tests was conducted by Thomson within the European MEDEA+ project FUST5 in 2002. These were the first tests with a JPEG-2000 realtime HDTV hardware encoder running, using a predecessor of the Analog Devices ADV202 chip.6 Tests were performed using a Thomson LDK6000 HDTV camera as an input source. In addition to tests with hardware encoders, tests were also conducted on SDTV pictures with software encoders7 at various bit rates. The difference between field-based and frame-based compression for interlaced pictures was also simulated. This test largely confirms what was known from literature: at least 1 bit/pixel is needed for good picture performance. An improvement in PSNR of approximately 3 dB was also measured using frame-based instead of fieldbased encoding.



Visual Performance Test of JPEG-2000 and MPEG-2 I-Only Expert viewers familiar with the nature of compression artifacts were used for this experiment. The ADV202 chips6 for the generation of JPEG-2000 were used. At the time, only field-based compression was available. Although it was known that this was not the optimal performance, the results of field-based compression were compared to MPEG-2 I-only compression. A number of test shots were made with the camera, and the most critical scenes were selected for the viewing tests.



recorder. During the evaluation, the DFCine-FS was a playout device. The HD MPEG encoder and decoder set was a commercially available top broadcast-quality device. The JPEG-2000 encoder/ decoder consisted of a desktop PC with two JPEG-2000 codec PCI cards, based on the ADV202 chip.6 The results were displayed on two identical 20 in. Sony Trinitron monitors. The compression for bit rates of 25 Mbits/sec, 50 Mbits/sec, and 75 Mbits/sec was tested.



Video Content Used for the Test Several clips were recorded in full-resolution uncompressed 4:2:2, in both native 720p60 and native 1080i60, with nearly the same image content. Four challenging clips were selected: Streetview1, Watch_noise, Map_zoom and Stuff (wipe). Streetview1 was chosen because it represents a typical ENG picture that is difficult to compress. The sequence has lots of moving “noisy” structures and fine detail. Watch_noise is difficult because it combines a highly structured background with very smooth surfaces and fine lines in the watch. The second hand of the watch can give interesting results while moving. Map_zoom: Maps are difficult for compression. To the compression unit, the fine details are just noise, to the human eye, they are immediately recognizable. Zooming in and out emphasizes artifacts such as block structures and ringing/blurring if they are present. Stuff_wipe: This scene has a lot of elements and contains a wipe from black. It is interesting to see how the details in the scene behave, because compression becomes more difficult as the portion of black diminishes.



Configuration of the Test System The test system is depicted in Fig. 2. The LDK6000 HDTV camera was used to make several reference clips in 1080i59 and 720p59. The HDSDI output of this camera was recorded uncompressed on a DFCine-FS SMPTE Motion Imaging Journal, October 2006 • www.smpte.org



1. Streetview1: (traffic) 403



JPEG-2000—NOT ONLY FOR DIGITAL CINEMA? Table 3—Rating Scale for Subjective Picture Quality



2. Watch_noise:Test Performed



3. Map_zoom:



Rating



Explanation



5 4.5 4 3.5 3 2.5 2 1.5



Excellent—no visible artifacts Very good Good Usable Poor Not usable Bad Very bad



• Bit depth: 8-bit (fixed) The encoder settings for JPEG-2000 were: • I-only • Resolution for 1080i: 1920 x 1080; 720p: 1280 x 720 • Bit depth: 8 bits • Chroma sampling: 4:2:2 • Video bit rates: 25, 50, and 75 Mbits/sec by setting target size: • 25 Mbits/sec: C=5000, Y=49000 • 50 Mbits/sec: C=10000, Y=98000 • 75 Mbits/sec: C=15000, Y=146000



Results



4. Stuff1 (wipe)



A comparison was made between MPEG-2 I-only and JPEG-2000, for a matrix of three bit rates, two video modes, and four reference clips. MPEG-2 was used as a reference because at the moment of testing, no MPEG-4 AVC codec was available for HDTV. The picture quality was rated for each of the tests, according to the scale shown in Table 3. The encoder settings for MPEG-2 were: • I-only: GoP=01, M=1 • Resolution for 1080i: 1440 x 1080; 720p: 1280 x 720 • Chroma sampling: 4:2:0 • Video bit rates: 25, 50, and 75 Mbits/sec by setting TS-rate to 29, 55, and 80 Mbits/sec 404



At 25 Mbits/sec the compressed pictures were generally judged as unusable for MPEG-2 and poor for JPEG2000, both for a 720p and 1080i situation. At 50 Mbits/sec JPEG-2000 scored between 3.5 and 4.5 and MPEG-2 between 3 and 4.5 in the rating. For 75 Mbits/sec, both compression schemes scored between 4 and 5. It should be noted that the MPEG codec sub-sampled the picture to 1440 pixels in the case of 1080i and used 4:2:0 sampling. This compared to the full 1920-pixel resolution and 4:2:2 sampling of the JPEG-2000 codec. Based on the test, it can be concluded that for 720p, the JPEG-2000 encoder consistently performs better than the MPEG-2 encoder. For most scenes, the JPEG-2000 was transparent at 50 Mbits/sec. For particularly challenging scenes, the JPEG-2000 still performs better than MPEG-2, also for 1080i. On 1080i, the JPEG-2000 encoder produced a better picture at a low bit rate, but was less transparent than the MPEG encoder at high bit rates. One reason is that due to the hardware limitations field-based compression had to be used for JPEG-2000. The performance gain of frame-based compression compared to field-based compression is estimated to be 3 dB, based on simulations done for SDTV. SMPTE Motion Imaging Journal, October 2006 • www.smpte.org
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Other Benefits from JPEG-2000 If JPEG-2000 is compared to existing DCT-type compression, such as MPEG-2, several remarkable differences can be noticed. Increasing the image size (for example from SDTV to HDTV) has a large impact on JPEG and MPEG-2 and little effect on JPEG-2000. The explanation is that for MPEG and JPEG, the number of DCT blocks is increased by more than 4. For JPEG-2000, the spatial increase results in higher resolution subbands, where relatively few additional bits are needed to encode the extra resolution. Many DCT formats like MPEG-2 limit their bit depth to 8 bits. JPEG-2000 does not have these constraints and can be used, for example, 10 or 12 bits. The bit rate control of JPEG-2000 is exact and deterministic. The picture quality is constant within a single image, and all images can be compressed to exactly the same number of bytes. This is unlike other standards. MPEG-2 needs a compressed data buffer for rate control, and DV uses macroblock shuffling to prevent visible differences in image quality.



result_A202.pdf. 6. JPEG-2000 compression chips: Analog Devices ADV202 http://www.analog.com/ADV202. 7. JPEG-2000 compression software: e.g., www.kakadusoftware.com/.
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Conclusion JPEG-2000 is one of the best I-only codec systems currently available, and the compression ratio that can be reached is more than sufficient to enable recording with standard low-cost computer hardware. This opens up the possibility to successfully merge the operational practice of the broadcast production with the low cost of the computer mass market. Camcorders will no longer need proprietary formats for recording, but can rely on general-purpose storage devices.
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