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1. Introduction
Type-M Functional Dependencies (MFDs) can assist to organize digital archives (video, image, sound, etc.) by using their visual or auditory similarities (patterns) represent by distance functions. Embed the detection, recognition and decision capabilities into the component-based Slow Intelligence System (SIS) will lead to enormous growths of artificial intelligence applications which can hopefully benefit living creatures in the near future. In this project, a dog recognition monitor component comprises of several distinct classifiers has been developed and integrated with the SIS Server to be a real-time content-based retrieval system and to detect and identify a dog from the video streams input by the webcam. 
2. Methodology 
The system consists of the GUI, SIS server, Universal Interface, video sensor and Dog Recognition Monitor as illustrated in Figure 1.
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Figure 1: System diagram
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Figure 2: The scenario
2.1 Dataset
The dog images is from Stanford Dogs Dataset [1] which contains images of 120 breeds of dogs from around the world. Sample dog photos and 70×70 pixel normalized images are shown in Figure 3 (a) and (b), respectively. The data normalization can avoid extremely weights and maintain numerical stability in pattern recognition practice.

[image: ]       [image: ]
(a)                                                     (b)
Figure 3: Sample images from Stanford Dogs Dataset

2.2 Ensemble Filters and Classifiers
In terms of distance functions, the object detection and pattern recognition algorithms are adapted from Haar feature-based cascade classifier [2] and FisherFace classifier, respectively. To be able to process images tremendously rapidly and achieving high detection rates, first the Integral Image is applied to quickly compute the features used by the Haar feature detector. Suppose at point x(i, j) in the original sub-image m×n space, II(x) is defined as the sum of all the pixels to the left and up from that particular point. The Integral Image calculates a rectangular sum using four array references as shown in Figure 4. Clearly the difference between two rectangular sums can be computed in eight references and in such a way different rectangle features can be obtained through those intermediate representations.
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Figure 4: Concept of Integral image
The Haar features are a set of directional filters consist of diﬀerent combination of rectangles as illustrated in Figure 5. Based on the Integral Image, different sizes of haar feature-based filters can detect the region of interest (ROI) rapidly from the background in an image. Figure 6 shows the scenario that the eyes and nose of a borzoi dog are detected by two haar feature filters and thus this sub-image can be accepted for further processing.

[image: ]
Figure 5: Example of Haar rectangle features
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Figure 6: Eyes and nose of a borzoi dog are detected by haar feature filters

The cascade classifier is a method for combining increasingly more complex classifiers in a cascade which allows background areas of the image to be quickly discarded while saving computing power on more object-like regions. As illustrated in Figure 7, in the first stage of cascade, we would like to exclude the most of non-objects by using a coarse grained filter while keep the true objects. The last stage filter is a fine grained filter which can handle more detailed object features then the accepted face is passed to the FisherFace classifier.

[image: ]
Figure 7: Schematic diagram of the cascade classifier
Based on the Fisher’s linear discriminant analysis which is developed to reduce the dimensionality of the original feature space with the class-specific projection, the FisherFace is proved to be robust against variation in lighting and facial expressions [3]. Figure 8 shows three FisherFaces of the dog images in Figure 3 (b).

[image: ]
Figure 8: FisherFaces of dog images in Figure 3 (b)

3. Implementation
The information flow and the chain reactions of the system to the dog image input via the camera are shown in Figure 9. The configuration of the live dog monitoring system is illustrated in Figure 10. The user can retrieve a dog breed by showing its photo in front of the webcam. Once the system recognizes the dog, the GUI will display the resulting message contains the breed less than 1/20 second. The system is working at 20 frames per second and can be adjusted according the hardware capability. The program is implemented as a joint effort of Java, OpenCV [4], Python and C++ languages.

[image: ]
Figure 9: Use case diagram

4. Demo
The live test has been successfully conducted and uploaded to YouTube which can be watched via the link https://www.youtube.com/watch?v=I4CYY8eZr6g. The snapshots are provided in Appendix. In this live demo, 7 photos of 4 types of dogs including the Eskimo, Shetland sheepdog, Borzoi and Schnauzer are examined.

[image: ]
Figure 10: Configuration of the live dog monitoring system

5. Further Development 
The scope of the system can be expanded by incorporating with spatially distributed autonomous sensors to monitor pet conditions and serve as a caregiver to manage the environment temperature, watch for particular behaviors, feed pets and cooperatively pass messages through the network to specified locations.

6. Conclusion
[bookmark: _GoBack]The world’s lines of time and space have been shortened by the electronic information while the dog remains the best friend man can have. In this project, a rapid prototype has been established such that a dog can be queried by its image. Several legacy programs were adapted and modified to make the application possible. The live test was performed using the Testbed for Slow Intelligence System and the demo has shown that the multimedia system might provide potential benefits for humans and dogs. 
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8. Appendix: Screenshots of Live Demo
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