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I ntro d uc ti o n

We propose a novel medical image compression technique based on superresolution that can be used to transmit and view radiological images on mobile devices. The technology would serve the following purpose:

1. Efficient transmission of radiological images over wireless networks.

2. Effective and comprehensive diagnosis on mobile devices with minimum computational and bandwidth requirements. 3. Enhanced reachability of quality healthcare to the masses especially in rural/suburban areas. 4. Enhance and create eco-system for faster cross-consultancy services across a developing country like India.

The problem of Medical Image Compression for Mobile considered here has been presented in the context of Indian use-case, but is applicable world-wide especially in developing nations. In emergency cases at hospitals, availability of a radiologist may not be always possible. To provide patients an expert advice is of foremost importance in such situations. In aforesaid cases, the radiological images may be transferred to the mobile/tablet of a remote expert who may assist in the diagnosis or provide preliminary advice to assist in proper treatment of a patient since early detection and intervention often results in optimal treatment and recovery. Moreover, with the advancement of technology and medical devices, the size of the medical images is increasing day by day. Therefore efficient compression, transmission and storage of medical images is a significant issue that needs to be addressed.

Recent trends have established mobile as an effective platform for viewing medical images [START_REF] John | The iPad tablet computer for mobile on-call radiology diagnosis? Auditing discrepancy in CT and MRI reporting[END_REF][START_REF] Laughlin | Emergency CT brain: preliminary interpretation with a tablet device: image quality and diagnostic performance of the Apple iPad[END_REF]. However, transferring of medical image is still an issue, owing to bandwidth limitations and significant size of the medical images. Existing compression techniques, which are primarily based on Wavelets and Fractals, have the following drawbacks with respect to mobile platforms: High computational complexity for encoding and decoding, Limited bandwidth available for mobile networks, Limited computational and storage resources on mobile devices, Maximum and judicious utilization of screen real estate of mobile devices for effective user experience and Domain/Modality based identification of region of interests in medical images for exploiting spatial redundancy.

B ac kg ro u nd

Super Resolution has been found useful in enhancing the quality of medical images [START_REF] Kouame | Super-resolution in medical imaging: An illustrative approach through ultrasound[END_REF] and even surpassing the quantitative quality of direct acquisition of high resolution medical images in some case [START_REF] Plenge | Super-resolution methods in MRI: Can they improve the trade-off between resolution, signal-to-noise ratio, and acquisition time?[END_REF]. Superresolution hasn't yet been used for medical image compression, though here we outline the existing research and applications of superresolution in the context of enhancing the resolution of medical images. Superresolution techniques have traditionally been adapted to suit the properties of a particular imaging modality. A detailed review of superresolution in medical imaging is given in [START_REF] Greenspan | Super-resolution in medical imaging[END_REF] demonstrating the applicability to MRI, fMRI and PET images. Authors in [START_REF] Robinson | New Applications of Super-resolution in Medical Imaging[END_REF] discuss the SR algorithms in perspective of Low Radiation Digital X-ray Mammography and Optical Coherence Tomography. Authors in [START_REF] Nakano | Super-resolution confocal live imaging microscopy (SCLIM)-Cutting-edge technology in cell biology[END_REF] apply SR to high speed live cell imaging while authors in [START_REF] Näppi | Computer-Aided Detection of Colorectal Lesions with Super-Resolution CT Colonography: Pilot Evaluation[END_REF] developed a method using compressive sampling and iterative reconstruction of the lesion candidates detected from computed tomographic colonography (CTC) using a CAD. The authors in [START_REF] O'reilly | A super-resolution ultrasound method for brain vascular mapping[END_REF] develop a method for obtaining high resolution brain vascular images.

M e thod ol og y

We propose to explicitly generate a low resolution (LR) medical image which is suitable for transmission on the network, and regener mobile device using machine learning techniques. The idea is represented as a flow diagram in Figure 1 (a). Here, compression is not only a means to the reduction in storage size but also the effective size of the data transferred over the network. For accommodating the limited memory and limited on-device storage in mobile devices, the algorithm will be based on a part based compression with multi-resolution imaging. The reconstruction step would initi high level representation of the image. Other levels of the image will be generated on demand basis. These generated levels can be analyzed in multiple adaptable resolutions, with the information for image features in each level being dynam technique used to generate the base image, reducing the overall computational complexity and memory requirements without compromising the quality. The same idea can be extended to modality specific superresolution. high structural similarity among images from same modality (for example, slices of CT Scan).

Hence each type of image body part. Further, there are certain areas in these images which are used by experts to conclude a clinical decision. Therefore, by characterizing such images from specific modalities a utilizing the areas (if any) in the image that are not of any medical relevance, further effective compression can be achieved without any significant loss of quality. Initially, the operator or the referring radiologist would be optionally require being diagnostically relevant which would be utilized for compression, in absence of which the entire image would be considered as of relevance. In case of automating this process, a study would be required to be performed with radiologists, doctors to determine such areas in medical images of specific modalities. Figure 1 (b) shows the flow diagram of the Modality specific super resolution discussed above. If the modality type is identified (from a pre insignificant areas for clinical interpretation, those areas can be trimmed from the image before applying super resolution. The trimmed areas can be regenerated at the mobile device and joined with the reconstructed image as before.
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