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BLUE EYES


INTRODUCTION


The notion of a computer that could recognize and react to human emotion seems far-fetched. Imagine ourselves in a world where humans interact with computers in the same way as with humans. We will be sitting in front of our personal computer that can listen, talk or even scream aloud. It has the ability to gather information about us and interact accordingly. It can even understand our emotions at the touch of a mouse. It verifies our identity, feels our presence and starts interacting with us. This can be brought into reality with the help of a new technology, The BLUE EYES Technology, developed by IBM at Almaden Research Center, USA.
          Human cognition depends on his highly developed abilities to perceive, integrate and interpret visual, auditory and touch information. The idea of giving computers personality or, more accurately, "emotional intelligence" seems creepy, but such machines would offer important advantages. Despite their lightning speed and awesome powers of computation, today's PCs are essentially deaf, dumb, and blind. 

Computers have tremendous mathematical abilities, but when it comes to interacting with people, they are autistic. If we want computers to be genuinely intelligent and interact naturally with us, we must give them the ability to recognize and understand emotions. The search for a more unique and reliable technique for securing resources has finally led to the realization that human physiological traits are unique enough for it to be used as an identifier. The only thing lacking was the technology to exploit the potential of these characteristics. The new technology, BIOMETRICS along with BLUE EYES, which uses the biometric censors can make incredible effect in the field of Emotion Detection which itself can very well act as a security measure.

THE BLUE EYES PROJECT


The BLUE EYES project was started at IBM’s Almaden Research Center in USA. It aims at giving computers highly developed abilities to perceive, integrate and interpret visual, auditory and touch information. The project explores various ways of allowing people to operate computers without conscious effort. Gaze tracking seemed like the natural place to start. This was because the eyes are the most expressive part in a human being and all the emotions are reflected in the eyes. 

These days it is the humans who have to adapt to the computers by learning various languages, modes of operation etc. The BLUE EYES project aims at creating computers, which can adapt to humans and thus enable them to operate much more conveniently. The project enables computers and humans to work together more as partners.

THE BEGINNING

         The first step is to give machines the equivalent of the eyes, ears, and other sensory organs that humans use to recognize and express emotion. To that end, computer scientists at the IBM's lab researchers are tackling the lofty goal of designing smarter devices. The project is called "BLUE EYES", and its aim is to create devices with embedded technology that gathers user's personal information. Teaching computers to concentrate on a user's behavior, rather than on his/her emotional state, may be a more effective and less intrusive way to improve relations between human and machine. That is the philosophy behind the BLUE EYES Project at IBM, which is developing "attentive computers" designed to perceive, interpret, and respond to a user's movement, sound and touch. 

The BLUE EYES uses non-obtrusive sensing technology, such as video cameras and microphones, to identify and observe a user's actions, and to extract key information, such as where the user is looking and what the user is saying verbally and gesturely. These cues are analyzed to determine the user's physical, emotional, or informational state, which in turn can be used to help make the user more productive by performing expected actions or by providing the expected information for the user at the expected time. 

IBM's BLUE EYES project is chartered to explore and define attentive environments - environments that are user and context aware. As computers become invisible, pervasive, and location or context aware, a user interface paradigm shift from explicit user control to implicit user control will occur. As evidence MAGIC pointing (gaze enabled pointing), the SUITOR system (Simple User Interest Tracker), Emotion mouse etc are described.


The BLUE EYES tracks the user's pulse, breathing rate, eye movements, and facial expression and react to these physical triggers by performing tasks for the user.  BLUE EYES makes a computer "see" and "feel". That is to make computers emotive. This is known as affective computing.

Beyond making computers more responsive to people's feelings, there is another compelling reason for giving machines emotional intelligence. Contrary to the common wisdom that emotions contribute to irrational behavior, studies have shown that feelings actually play a vital role in logical thought and decision-making. Emotionally impaired people often find it difficult to make decisions because they fail to recognize. Scientists are exploring a variety of mechanisms including voice-recognition software that can discern not only what is being said but the tone in which it is said; cameras that can track subtle facial expressions, eye movements, and hand gestures; and biometric sensors that can measure body temperature, blood pressure, muscle tension, and other physiological signals associated with emotion. As a result

· Emotion Mouse

· MAGIC Pointing

· Pupil Finder

and many more products were formed.

MAGIC POINTING

         
A technique in which pointing and selection were aided by gaze tracking is designed. The idea is to use gaze to dynamically redefine (warp) the position of the pointing cursor to be at the vicinity of the target. Once it has been redefined, the user would need to make a small movement to and click on the target, that is, achieve Manual Acquisition with Gaze Initiated Cursor (MAGIC) pointing.

         Two specific MAGIC pointing techniques are designed:

· Liberal - Warps the cursor to every new object the user looks at. Cursor waits readily in the target area. The user moves the cursor once he decides to acquire the target he is looking at.
· Conservative- Does not wrap a cursor to a target until the manual input device has been actuated. Once it is actuated, the cursor is warped to the gaze area. The user would the steer the cursor manually towards the target to complete target acquisition.

        
The beauty of MAGIC is that it enables the hand and the eye to do what each does best.  The IBM's approach takes advantage of the eye to reduce the effort required for manual pointing. To the user, pointing is still done by the natural organ for manipulation, the hand. But the cursor always appears in about at the right place needed, as if by magic. By combining eye tracking and input technology, you get MAGIC Pointing.

PUPIL FINDER


The Almaden researchers have discovered a fast and low cost pupil detection technique that uses two infra red (IR) time multiplexed light sources, composed of two rings of 8 LED's each, synchronized with the camera frame rate. Illumination from an off-axis source generates a dark pupil image. When light source is placed on-axis with the camera optical axis, the light reflected from interior of the eye is detected and the image of the pupil appears bright. This effect is seen as the red-eye in flash photographs when flash is close to the camera lens. One light source is placed very close to the camera's optical axis and is synchronized with even frames. Odd frames are synchronized with the second light source, positioned off-axis.

The off-axis IR produces a dark pupil image. The off-axis light source is calibrated to provide roughly equivalent whole-scene illumination. Pupil detection is realized by subtracting the dark pupil image from bright pupil image. After thresholding the difference, the largest connected component is identified as the pupil. Once it has been detected, the glint reflected from the surface of the cornea due to one of the light sources is determined from the dark pupil image. The reflection is used to estimate the user's point of gaze in terms of the screen coordinates where the user is looking at. To reduce artifacts caused mostly by head motion, a larger temporal support is used. Experimental results from a real-time implementation of the system show that this technique is very robust, and able to detect pupils using wide field of view low cost cameras under different illumination conditions, even for people with glasses, and up to 5m from the camera. 
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EMOTION MOUSE

         
Emotions are important to the computing community. A non-invasive way to obtain information about a user is through touch. People use their computers to obtain, store and manipulate data. The proposed method for obtaining user information through touch is via a computer input device, the mouse.  The computer determines the user's emotional state by a simple touch. Sensors in the mouse sense physiological attributes, which are correlated to emotions using a correlation model.

The correlation model is derived from a calibration process in which a baseline attribute-to-emotion correlation is rendered based on statistical analysis of calibration signals generated by users having emotions that are measured or otherwise known at calibration time. A vector in N dimensions, representative of a subject user's emotions, is output or subsequent subject users whose emotions are sought to be known, with the baseline being the reference in the N-dimensional space of the vector. IR takes heartbeat rate on the thumb, temperature is taken using a thermosister chip, and GSA is taken through fingertips. These values are input into a series of discriminate function analyses and correlated to an emotional state. To be included in the discriminate function analysis, the proportion of each signal's emotion-specific variance to total variance must exceed a criterion proportion, which for the mouse is 0.001. After any signals are excluded from the analysis, all signals are analyzed simultaneously to describe baseline relationship by a number of discriminate functions equal to one less than the number of emotions sought (N-1) or the number of physiological signals, whichever is less. 

Emotion Mouse is still a laboratory curiosity. Such devices are likely to find their way into objects other than computers, like car steering wheels that could sense when a driver was getting drowsy or key chains that would summon the police if the user seemed unusually frightened. These sensors can really be put anywhere.
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EMOTION MOUSE

AFFECT DETECTION

         
Based on Paul Ekman's facial expression work, there is a correlation between a person's emotional state and a person's physiological measurements.  Selected works from Ekman on measuring facial behaviors describe Ekman's Facial Action Coding System. One of his experiments involved participants attached to devices to record certain measurements including pulse, galvanic skin response (GSR), temperature, somatic movement and blood pressure.  He then recorded the measurements as the participants were instructed to mimic facial expressions, which corresponded to six basic emotions. He defined the six basic emotions as anger, fear, sadness, disgust, joy and surprise.

One of the lab's more intriguing inventions, Expression Glasses, is designed to determine the wearer's level of interest or confusion by measuring the movement of muscles around the eyes. The data is then transmitted to a computer, which creates a graphical display consisting of two colored bar graphs (red for confusion and green for interest). Emotion Mouse can accurately determine a user's basic emotional state - happy, angry, and frustrated.

EQUIPMENTS FOR AFFECT DETECTION
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SIMPLE USER INTEREST TRACKER

         
The Simple User Interest Tracker or the SUITOR finds out the areas of interest of the user and provides more information on these areas, which the user may access conveniently. The SUITOR monitors the user and keeps track of what document the user is reading and to which area in the document the gaze is fixed. It then identifies the area and searches the entire computer for materials related to what the user is reading. When the user finishes reading the document he can find the additional information on his desktop, which he can access at his will.

The SUITOR can also access the net and download information of interest from websites .It has updates on various websites and the related information. When it has to access some information it just checks with its database and logs on to the appropriate websites.

THE BLUE EYES HARDWARE

1.Data Acquisition Unit

         Data Acquisition Unit is a mobile part of the BLUE EYES system. Its main task is to fetch the physiological data from the sensor and to send it to the central system to be processed. To accomplish the task the device must manage wireless Bluetooth connections (connection establishment, authentication and termination). Personal ID cards and PIN codes provide operator's authorization. This required designing a Personal Area Network linking all the operators and the supervising system. As the operator using his sight and hearing senses the state of the controlled system, the supervising system will look after his physiological condition.

         The tasks of the mobile Data Acquisition Unit are to maintain Bluetooth connections, to get information from the sensor and sending it over the wireless connection, to deliver the alarm messages sent from the Central System Unit to the operator and handle personalized ID cards. ID cards assigned to each of the operators and adequate user profiles on the central unit side provide necessary data personalization. Communication with the operator is carried on using a simple 5-key keyboard, a small LCD display and a beeper. When an exceptional situation is detected the device uses them to notify the operator. Voice data is transferred using a small headset, interfaced to the DAU with standard mini-jack plug. The wireless link between the sensors worn by the operator and the supervising system offers new approach to system overall reliability and safety.


The Authorization function is used when the operator's duty starts. After inserting his personal ID card into the mobile device and entering proper PIN code the device will start listening for incoming Bluetooth connections. Once the connection has been established and authorization process has succeeded (the PIN code is correct) central system starts monitoring the operator's physiological parameters. Alarms are signaled by using a beeper, earphone provides central system sound feedback and a small alphanumeric LCD display, shows more detailed information. The system is equipped with reasoning algorithms and can trigger user-defined actions. It is possible to reconstruct the course of the operator's duty with all the physiological parameters, audio and video data. To provide the Data Acquisition Unit with necessary physiological data an eye movement sensor - Jazz Multisensor is used. It supplies raw digital data regarding eye position, the level of blood oxygenation, acceleration along horizontal and vertical axes and ambient light intensity.

Atmel 8952 Microcontroller is the core of the Data Acquisition Unit and provides necessary functionality (i.e. high speed serial port) at a low price. Since the Bluetooth module supports synchronous voice data transmission (SCO link) hardware PCM codec is used to transmit operator's voice and central system sound feedback. Additionally, the Bluetooth module performs voice data compression, which results in smaller bandwidth. Communication between the Bluetooth module and the Microcontroller is carried on using standard UART interface. 

The main DAU operation takes place in the Data Processing state. In the state five main kinds of events are handled. Since the sensor data has to be delivered on time to the central system, data fetching is performed in high-priority interrupt handler procedure. 

         The received data is stored in an internal buffer; after the whole frame is completed the DAU encapsulates the data in an ACL frame and sends it over the Bluetooth link. The second group of events handled in the Data Processing state is system messages and alerts. They are sent from the central system using the Bluetooth link. Since the communication also uses Microcontroller’s interrupt system the events are delivered instantly.

  2. Central System Unit 

         Central System Unit hardware is the second peer of the wireless connection. The box contains a Bluetooth module and PCM codec for voice data transmission. Central System Unit maintains the other side of the Bluetooth connection, buffers incoming sensor data, performs on-line data analysis, records the conclusions for further exploration and provides visualization.

  2.1. Connection Manager

         Connection Manager's main task is to perform low-level Bluetooth communication using Host Controller Interface commands. It is designed to cooperate with all available Bluetooth device. Also Connection Manager authorizes operators, manages their sessions, demultiplexes and buffers raw physiological data. The audio data is accessible through standard mini-jack sockets. 

  2.2. Data Analysis Module

         The separately running Data Analysis Module supervises each of the working operators. The module consists of a number of smaller analyzers extracting different types of information. Each of the analyzers registers at the appropriate Operator Manager or another analyzer as a data consumer and, 

acting as a producer, provides the results of the analysis. An analyzer can be either a simple signal filter or a generic data extractor or a custom detector module. As we are not able to predict all the supervisors' needs, the custom modules are created by applying a supervised machine-learning algorithm to a set of earlier recorded examples containing the characteristic features to be recognized. The saccade detector registers as an eye movement and accelerometer signal variance data consumer and uses the data to signal saccade occurrence Since saccades are the fastest eye movements the algorithm calculates eye movement velocity and checks physiological constraints. The Pulse rate analyzer registers for the oxyhemoglobin and deoxyhemoglobin level data streams. Since both signals contain a strong sinusoidal component related to heartbeat, the pulse rate can be calculated measuring the time delay between subsequent extremes of one of the signals.

         Alarm Dispatcher Module is a very important part of the Data Analysis module. It registers for the results of the data analysis, checks them with regard to the user-defined alarm conditions and launches appropriate actions when needed. The module is a producer of the alarm messages, so that they are accessible in the logger and visualization modules.

2.3.Data Logger Module

         Each working operator's data is recorded by a separate instance of the Data Logger. Apart from the raw or processed physiological data, alerts and operator's voice are stored. The related Operator Manager module supplies the raw data, whereas the Data Analysis module delivers the processed data.

         A Voice Data Acquisition module delivers the voice data. The module registers as an operator's voice data consumer and optionally processes the sound to be stored .The Logger's task is to add appropriate time stamps to 

enable the system to reconstruct the voice. Additionally, there is a dedicated video data logger, which records the data supplied by the Video Data Acquisition module. The module is designed to handle one or more cameras.

2.4 Visualization Module

             The module provides user interface for the supervisors. It enables them to watch each of the working operator's physiological condition along with a preview of selected video source and his related sound stream. All the incoming alarm messages are instantly signaled to the supervisor. Moreover, the visualization module can be set in the off-line mode, where all the data is fetched from the database. Watching all the recorded physiological parameters, alarms, video and audio data the supervisor is able to reconstruct the course of the selected operator's duty.

APPLICATIONS OF BLUE EYES

BLUE EYES enables the computer to adapt a working style that fits user’s personality to increase his productivity. It is also very helpful in interactive teaching with the related topics being expanded in a screen without anybody having to operate it. This helps the students to grasp the related topics better in an interactive way.

The technology can also be incorporated into automobiles and interactive entertainment such as toys etc. An alarm can be devised in the steering of a vehicle to warn the driver if his stress level goes beyond the critical level. Also, BLUE EYES is going to find its way into the routines of human beings with applications such as TV washing machines etc.

CONCLUSION

         
BLUE EYES emphasizes the foundations of the project - Bluetooth technology and the movements of the eyes. Bluetooth provides reliable wireless communication whereas the eye movements enable us to obtain information. The BLUE EYES technology ensures a convenient way of simplifying the life by providing more delicate and user-friendly facilities in computing devices. Not only computational devices, in future, ordinary household devices - such as television, refrigerators, and ovens - will do their jobs when we look at them and speak to them. The day is not far away that this technology will push its way into our household, making us more comfortable.
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ABSTRACT
         
Computers have tremendous mathematical abilities but when it comes to interacting with people, they are autistic. If we want computers to be genuinely intelligent and interact naturally with us we must give them the ability to recognize and understand emotions.

         
The IBM’s Almaden research center have taken up a project called BLUE EYES which aims at creating such an intelligent computer which can sense the emotions of the user and interact accordingly. For achieving this intelligence many sensors are used which extracts various deciding factors which when manipulated on, gives the emotional state of the user.

         
The different sensors consist of mechanisms for retina-scanning, mechanisms to measure the conductivity of the skin, of the muscles when they contract, respiration rates etc. These mechanisms are built in such a way that they give least inconvenience to the users. These measured signals are transmitted to the computer compared with the sample values.

          
In the coming years the technology is expected to make great advancements. The day is not far away that this technology will push its way into your household, making you more lazy.
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