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Pixim DPS Technology: Optimized for Video Analytics

Intelligent video applications, in particular video analytics, promise to revolutionize the use of security cameras worldwide.  In particular, the video analytics community has been hard at work developing facial recognition systems that can distinguish a particular face from within millions of possibilities, identify a suspect in a stadium-sized crowd, detect a group of potential terrorists on a bridge, or spot suspicious behavior on crowded city streets or in airports.

Perhaps equally intriguing are the non-security possibilities of video analytics, which can improve business intelligence in ways that impact a company’s bottom line.  For example, video analytics software can be used for inventory control, customer traffic pattern analysis, and demographic information – all of which can help organizations make better business decisions.

But no matter how good video analytics software becomes, its effectiveness depends on the quality of the video images it has to work with.  Image quality requires that image sensors deliver wide dynamic range (WDR), high signal-to-noise ratio (SNR), minimal image artifacts, and accurate color reproduction.

Generating consistently high-quality images – regardless of lighting conditions, temperature, and other environmental changes – while avoiding false alarms has proven daunting for traditional, analog CCD-based security cameras.  As a result, expectations for video analytics have until now exceeded the capabilities of current cameras.

Pixim’s Digital Pixel System® (DPS) ultra-wide dynamic range technology represents a true breakthrough in imaging technology.  Cameras powered by Pixim’s specialized image processing chipsets can capture details and accurate color in both the lightest and darkest portions of a scene simultaneously, even with high-contrast lighting, strong backlight, glare, reflection, and other uncontrolled or variable lighting conditions.  Pixim-powered cameras also minimize the image artifacts common in CCD-based cameras, such as vertical smearing, pixel blooming, under-exposure of shadows, and over-saturation of highlights.

Pixim’s DPS technology improves the image quality of security camera video to help meet the expectations of the security and analytics communities.

Limitations of CCD Cameras in Video Analytics

Analog charged-couple device (CCD) cameras struggle to serve intelligent video applications due to the limited dynamic range of CCD sensors.  This limited dynamic range leads to over-saturation of the sensors, which results in image artifacts such as blooming and smearing.  Blooming happens when the video camera’s image sensor picks up a very bright subject or an area with high illumination (e.g., the sun), leading to loss of color fidelity or inability to distinguish one color from another.  Smearing occurs when large portions of captured images are lost and appear as a vertical white band, or smear, that is completely lacking in any detail.

These image deficiencies make it impossible for intelligent video applications to perform analytics effectively.  Techniques to overcome the image deficiencies result in loss of luminance and detail, which leaves less data for analysis and therefore less accuracy in the intelligent video solution.

Another problem with CCD technology is that heat build-up on the sensor chip causes cross-talk between analog circuits, creating video noise.  Video noise diminishes picture quality and contributes to false positives.  Video noise also increases the latency of intelligent video algorithms, which are responsible for performing real-time image processing functions.  Because CCD limitations produce video signals that contain less data, the algorithms are forced to do more estimation (i.e., of what the image “might” depict) – which causes false alarms.

Additionally, video noise requires more processing resources from an intelligent camera or a server.  Intelligent video applications must work harder to compensate for the video signal noise – which might look like anomalous behavior – by applying extensive filtering techniques that take up precious processing time.

With moving objects, CCD-based cameras often experience interlace artifacts, which appear as saw-tooth edges on the images.  Again, the intelligent video applications must apply filtering techniques to address the interlace artifacts, thus adding an extra burden to the system.

WDR:  Step One in Improving Video Analytics

While analog CCD-based cameras do not generate the image quality required by the video analytics community, a new category of security cameras offers wide dynamic range (WDR) capabilities.  WDR delivers better data and improves the accuracy of video images so that they can be used for meaningful video analytics.

WDR refers to a camera’s ability to capture images with the highest ratio between highlights and shadows.  In other words, the cameras can handle high-lux scenes without over-saturation artifacts (e.g., blooming, smearing) while simultaneously also performing well in low-light conditions.

WDR is measured in decibels (dB).  As a general rule, video analytics require a camera that provides 100 dB or greater, to produce high-quality data with less noise – i.e., accurate color and detail throughout all the lighting ranges of a scene.

WDR images also are crucial for optimizing intelligent video applications’ algorithms, which examine compressed or uncompressed video to differentiate between foreground and background, still and moving objects, what is and is not a target, and even if something is a video artifact or an event of interest.

Inherent in the intelligent video algorithms’ function is a level of estimation based on what the camera “sees.”  For the purpose of analysis, intelligent video must produce a high-quality image with correct exposure for the entire scene (i.e., both highlights and shadows), high color fidelity, sharp features with maximum detail, few or no image artifacts, and low video noise.  WDR cameras fulfill these requirements.

In addition to generating more data and higher-quality video signals, cameras with WDR capabilities also produce fewer false alarms while greatly improving the overall accuracy of scene analysis.

Location Considerations

Video analytics can be performed in two fundamental modes:  live (to detect events as they occur) and post-processing (to test various scenarios on recorded footage).  In both locations, digital-based cameras outperform traditional analog cameras.

The best place to locate live analytics is at the camera, where it doesn’t use up network bandwidth.  For example, a camera with built-in analytics can be set to monitor scene activity and transmit only specified events, such as a person moving the wrong way through airport security.  Reporting only pre-determined event types reduces unnecessary video traffic on the network, which preserves bandwidth.

Traditional analog-based cameras can’t accomplish this process of triggering on specified live events, however; the data must be in digital form at the camera itself for this kind of video analytics to work.  As networked digital cameras become more prevalent, it’s likely that live analytics will increasingly be placed on the camera.

For post-processing analytics, the optimum location is on a central server, so that recorded video can be searched many times, using different parameters.  One of the biggest time-wasters for video operators is fast-forwarding and rewinding through VCR tapes.  DVRs improved the time spent searching images, but most DVRs still provide basically a digital version of fast-forward and rewind.

Video analytics can transform this essential task in the post-processing phase by searching large amounts of recorded video for possible events, then allowing the operator to validate them.  In this way, computerized technology does what it does best – locating possible events – and humans do what they do best, which is verifying those events.

Advantages of Pixim DPS Technology in Video Analytics

Pixim’s DPS technology addresses most of the issues faced by the intelligent video applications community.  Cameras based on Pixim DPS technology provide superior images and can improve overall performance of today’s video analytics software.

Wide Dynamic Range

As mentioned earlier, WDR is critical for the success of intelligent video applications, and Pixim DPS technology provides an ultra-wide 120 dB dynamic range.  This means that cameras using DPS technology can effectively capture and render scenes with 128,000-to-1 contrast – or the equivalent of 17 f/stops of electronic shuttering in a single-lens reflex (SLR) still camera.

Pixim DPS technology uses patented non-destructive multi-sampling techniques to greatly expand the dynamic range of captured video images in real time.  In addition to delivering 120 dB of dynamic range, DPS technology also provides high total resolution (540 HTVL x 460 VTVL), sensitivity (0.5 lux color at f/1.2 aperture), and high color fidelity.

DPS-based cameras can easily deal with extreme lighting conditions, such as glare, reflections, backlight, car headlights, and direct sun.  They do not suffer from the image blooming and smearing issues found with CCD analog sensors, so they enable the intelligent video software to perform better analytics.

Accurate Color

Another crucial factor for video analytics is color accuracy.  Cameras using Pixim DPS technology can reproduce colors as they appear in nature, even under extreme lighting conditions.  With DPS, the features on a person’s face, or the color of a get-away car after a bank robbery, or the red or black playing cards at a casino table all will be captured accurately.  This color accuracy allows for better forensic analysis of captured images after the fact.

High SNR

DPS technology provides images with low noise, because the conversion to digital format takes place at the pixel level and can be controlled independently for saturation.  The Pixim technology also supports non-destructive readout of the pixel, which avoids random background noise detectable with the human eye.  In these ways, DPS increases the overall signal-to-noise ratio (SNR) of the cameras it powers.

Lack of Video Artifacts

DPS technology delivers cleaner images without interlace and motion artifacts, vertical smear, or pixel blooming (over-saturation).  Cleaner, artifact-free images that contain more data will yield superior results from video analytics software.

Flexible Placement

The Pixim DPS sensor converts captured light (analog) into digital format at the source of capture.  As a result, it improves both live (camera-based) and post-processing (server-based) video analytics.

Customizable Design

Pixim DPS technology also puts tremendous customization power in the hands of the developers of intelligent video applications.  Developers can personalize hundreds of camera parameters based on their requirements using the Pixim Configuration Language (PCL) text-based configuration language.  Additionally, camera parameters can be controlled via serial commands, including third-party protocols.

Pixim DPS Presents New Possibilities

By enabling high-quality video images regardless of lighting or other environmental conditions, Pixim DPS technology opens a range of possibilities for developers of video analytics applications, makers of cameras, and the end customers who use them.

At the most obvious level, DPS ultra-wide dynamic range, high resolution, accurate color, minimal image artifacts, and low-light sensitivity can directly improve security in a range of situations, including for financial services institutions, retail stores, casinos, perimeters and borders, schools and campuses, correctional facilities, and a variety of transportation-related environments, including airports, seaports, trains, light rail, and buses.

Beyond these security applications, however, the high-quality images produced by Pixim DPS-based video cameras can enable video analytics that boosts business intelligence.

Clear, color-accurate, detailed images can help companies track the vehicles and containers used to ship their goods, for more accurate inventory control.  Companies can use these video images not only to count the number of people entering a retail store by time of day, but also to determine which aisles of the store has the most customer traffic – to determine where to target promotions and special advertising and to make more efficient purchasing decisions.

For train operators, intelligent video applications could track the number of people entering and exiting each train car at every stop.  They could also detect when people have stopped going into or out of the cars, so automatic doors close safely.  In addition, train operators could correlate the number of passengers on a specific train with the number of tickets sold for that train, to extrapolate use of monthly or other passes.

In these and countless other ways, video analytics – made possible by high-quality images produced by Pixim DPS-powered security cameras – can help raise business intelligence, leading to better and more profitable decisions regarding advertising, marketing, purchasing, customer service, and other aspects of running a business.

