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Abstract

In Steven Spielberg’s film, “Minority Report,” it is the year 2054, and murder no longer occurs because of three individuals designed to have precognition.  In the film, a large part of the story is told with the use of technology.  Four technologies illustrated in the film are of specific interest to human-computer interaction; these are the image-scrubber interface, retina biometric identification and authentication, holographic/laser video projection, and augmented reality systems.  Each technology is grounded in current technology, and is analyzed to reveal the human-computer interaction components, as well as its positive and negative impacts on human society.  In the end, some of the technologies are shown to be promising, while others contain too many problems for an implementation as shown in the film.

‘Minority Report’ – In the Embrace of Ubiquitous Computing


In 1958, Philip K. Dick wrote a chilling science-fiction short story about a future society that creates a crime-prevention system revolving around precognition in an attempt to answer the free will versus determinism argument.  In 2002, Stephen Spielberg adapted Dick’s story into a film that brought to life the characters and environment of the story, while providing a vehicle for Spielberg’s vision of future technology.   The vision that Spielberg presents is of a world of ubiquitous and pervasive computing, complete with self-driving cars, personalized marketing, and biometric authentication.  Because of the ubiquitous use of computing, this world of the future is full of interaction styles that are currently being researched but have not reached maturity; these styles include gestural, direct manipulation, autonomous agents, speech based, and neural interfaces.  However, each of these interfaces portrayed in the film provide the audience with an opportunity to critically evaluate the interface as shown, and determine its true value with regard to human-computer interaction.

In the story, John Anderton leads the precrime division of the police department, which contains three persons (precogs) who can receive images of future murders.   These images are then deciphered and the future murderer is located and arrested, preventing the murder from occurring.  However, the story intensifies as Anderton is accused of a future murder, and must evade law enforcement while attempting to prove his innocence of a crime that hasn’t happened.  The story concludes with the idea that although the precogs had the ability to ‘see’ future events, each person still had the freedom to choose the outcome.  As Spielberg tells the story, the technology and interfaces he presents play a large role in both setting the atmosphere of the environment and driving the story.  Along with the entire futuristic view, there are four interfaces in particular which are exciting to critique, the image ‘scrubbing’, retina scanning biometrics, holographic/laser video projections, and the use of augmented reality.

Image ‘Scrubbing’

In the first scene of the film, the audience sees precrime go into action as the precogs predict a jealous husband about to murder his wife and lover.  The process of finding the location of the murder is difficult; it requires that an officer search the images that are received by the precogs for clues – a process called scrubbing.  The interface used to scrub is a large, clear, curved surface, which images are superimposed on.  Because the surface is clear, the images can be seen from both sides, which is how Anderton and the witnesses can see them at the same time.

More interesting than the physical features of the interface, is the interface style that is required to scrub.  The interface is clearly a direct manipulation interface; each image is always visible and operations on those images (enlarging, moving, zooming, etc) are immediately visible to the user.  Using a direct manipulation interface in this scenario is a good choice for a number of reasons: minimizes the memory requirements on the user – so the detective can focus on the case, and since these are images – they can be quickly visually identified.

However, a gestural interface is not the best choice for the image scrubbing.  As described by John Underkoffler, the science and technology advisor for the film, the interface was “to be like conducting an orchestra.” (Rothkerch, 2002) This type of interface, with its requirement of exaggerated gestural movements, would tire out a user very quickly.  A better interface would be to keep the large presentation screen to increase image resolution; and to make the interface a smaller version, where images could be manipulated with small hand movements instead of large gestures.  This type of interface would preserve the benefits of direct manipulation, but would lower potential user fatigue.

Retina Scanning Biometrics

Throughout the film, there are several technological themes.  One of the most prominent themes is the use of retina scanning biometrics to authenticate and identify users.  In the world portrayed by the film, all sorts of organizations, transportation, commercial, and government, utilize retina scanners.  They are in shopping stores, suggesting new products to customers based on previous purchases.  They are in the subway, verifying and probably charging users for the ride.  They are in doorways, allowing authorized users to enter a room.  Because of their ubiquity, the use of retinal scanners sends the message to the audience of an environment where it is impossible to hide.  However, Anderton finds that in the criminal underground has discovered a solution to hiding his identity – transplanting his eyes with an illegally obtained set.

The use of retinal scanning technology, and Anderton’s difficulty in hiding from being identified perfectly illustrate the problems and solutions that biometric security research has already discovered.   Biometric authentication methods solve many important computer interface problems: no passwords to memorize, authentication token is always on the person, is uniquely identifiable.  However, the problems of biometric authentication outweigh the advantages provided.  First and foremost is the fact that if a user’s biometric signature was compromised (stolen or lost), it cannot be easily replaced like a text password.  The second problem is that biometric signatures can change over time.  Third is that biometric authentication protocols are vulnerable to man-in-the-middle attacks, allowing unauthorized users access.

Because of these major problems with biometrics, it is highly unlikely that retina scanning will be implemented at a scale illustrated by the film.  More than likely, biometric research will continue to improve, and biometric authentication will be implemented on a small scale in environments where the threat of man-in-the-middle attacks, and compromised biometric signatures can be overcome.

Holographic/Laser Video Projection

One of the most realistic future technologies illustrated in the film was the use of holographic/laser video projection.  This technology is first seen in the film when Anderton views a video of his child and wife.  The videos are projected into air from multiple laser sources, making the image seem three-dimensional.  What is realistic about this technology, is that it is available today, but not in the advanced state illustrated in the film.  Today’s laser video projection needs to be projected onto some element, such as smoke or fog; while the laser projection in the film seemed to be projected just into the air.  The problem with the illustration in the film is that the laser is not actually reflecting off a surface, so there is a serious question as to the implementation shown in the film.

From a human-computer interaction perspective, having very portable holographic/laser video projections that simulate three-dimensional space is very valuable.  One of the problems with current projection technology is that we are attempting to simulate three-dimensional reality on a two-dimensional plane.  This simulation is either with a stereoscopic cave environment, or some combination of shading and object sizing; in either case, the resulting simulation is very poor, and can result in a dizzying experience for the user.  However, if a three-dimensional laser projection was available, these current simulation techniques would no longer be necessary – and users could then truly experience three-dimensional computer generated graphics.

While some organizations, such as Disney, have the technology to create a three-dimensional laser projection, it is far from residential use as portrayed in the film.  However, it is plausible that in the future, this technology may be available to residential users on the scale seen in the film.

Augmented Reality

Like the other technologies presented here, augmented reality technology also plays a large role in the film.  Augmented reality is used in situations where a computer display can provide information, while the user continues to interact with the physical environment.  Most of the time, augmented reality displays are used when a user cannot divert their attention too much from a physical task, or it is more efficient not to.  Augmented reality technology is illustrated by the use of heads up displays in police helmets, and flying machine cockpits.  Additionally, this technology can be seen in that all of the computer desk monitors are clear, so that the user can see through them.  It is not apparent what exactly is being displayed on the heads-up-displays, but the clear monitor is very visually appealing.

Augmented reality technology has obviously provided benefits in current environments, such as in fighter cockpits.  However, their use in other environments has been limited due to a lack of technology.  In the film, there seems to be no environment where augmented reality can exist – and therefore become ubiquitous.  The question becomes whether the augmented reality technology shown in the film is accurate, and useable; the answer is yes.  

Given current augmented reality technology as used in fighter cockpits, the technology shown in the film is accurate – and probably models the state of the technology at that point in the future correctly.  From a usability position, the illustrated augmented reality can enhance environments and situations that require the user has access to additional information.  This is especially true in a law enforcement setting, where body-heat imaging can be integrated into the world-view produced by the heads-up-display in a helmet; in that case, officers can see what is on the other side of a wall, or who else is in the building, greatly increasing officer safety.  The caveat is that the augmented reality system cannot impede with important tasks, such as sight and must therefore be designed carefully.  Nevertheless, given this analysis of the augmented reality technology illustrated in the film, it is very plausible that such a level of technology will exist in 2054, because a very similar technology currently exists.

Conclusion

The film is a great example of social science fiction, and a decent adaptation of the book.  Spielberg’s vision of the future is, like many futurists, entails society entering a highly interactive relationship with surrounding technology.  In the “Minority Report,” this technology is embodied in an image-scrubbing interface, retina biometric identification and authentication, holographic/laser video projection, and augmented reality systems.  All of these technologies play a large role in the film, and each has a strong grounding in current research.  However, like with the image-scrubbing interface, and the biometric authentication technology, there are some serious HCI problems that exist as these technologies are illustrated in the film.  These problems will probably limit their use in future environments, and may even cause these technologies to be replaced by something better.

Yet, despite the problems, the film correctly predicts holographic/laser video projection, and an increased use of augmented reality systems.  These systems are already being developed, and it is probable that in the future their use will be widespread in an effort to improve our lives.  In the end, humanity will continue to desire an increased interaction with technology; and the interaction style and interfaces will continue to evolve and change.  But as the film portrays, it is not technology that will determine our future, but humans.
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