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APPARATUS AND METHOD FOR ROTATING THE DISPLAY ORIENTATION OF A CAPTURED IMAGE



Throughout this speci?cation, “G” means “green,” “R” means “red,” and “B” means “blue.”



Once an image is captured by the digital camera, a set of



pixel signals corresponding to the image received by the pixels is processed by an image processing algorithm. Image



Matter enclosed in heavy brackets [ ] appears in the original patent but forms no part of this reissue speci?ca tion; matter printed in italics indicates the additions made by reissue.



processing routines are conventionally designed to process



pixel signals line-by-line, conforming to a speci?c and unchanging pixel pattern format. Thus, image sensors manu factured with the Bayer pixel pattern format will be coupled



Notice: More than one reissue application has been ?led



to image processing routines speci?cally designed to accept pixel signals in alternating sequences of “GRGRGR” and



for the reissue ofU.S. Pat. No. 6,011,585. This reissue appli cation is a continuation of reissue application Ser. No.



“BGBGBG.” Due to possible imperfections in the outer rows and columns of pixels that make up the image sensor, conventional digital cameras sometimes have image sensors



]0/040,249?led Jan. 4, 2002, now RE 38,896.



This application relates to co-pending US. patent applica tion Ser. No. 08/355,031, entitled A System and Method For



large enough so that one or more lines of pixels at the sides of the image sensor can be ignored.



Generating a Contrast Overlay as a Focus Assist for An



Imaging Device, ?led on Dec. 13, 1994, by inventor Eric C. Anderson; and US. patent application Ser. No. 08/384,012, entitled Apparatus and Method for Camera Image and Ori entation Capture, ?led on Feb. 6, 1995, by inventor Scott
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Fullam. The subject matter of the two applications described



above is hereby incorporated by reference. These related applications are commonly assigned to Apple Computer,



106 and a bottom 108.



As previously described, the image processing routines



Inc. 25



BACKGROUND OF THE INVENTION



1. Field of the Invention The present invention relates generally to an apparatus and method for orienting an image. More particularly, the present invention is an apparatus and method for rotating a captured image to an orientation corresponding to an imag



ing subsystem’s orientation at the time in which the image 35



When a digital camera captures an image of an object, the



camera’s frame of reference with respect to the object pro duces a desired image orientation. Two conventional image orientations exist, namely, a landscape orientation and a por trait orientation. Referring now to FIG. 1A, a prior art graphical representation of an object in a landscape orienta tion is shown, in which the image’s width is greater than its height. Referring also now to FIG. 1B, a prior art graphical



representation of the object in a portrait orientation is shown, in which the image’s height is greater than its width.
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the portrait image corresponds to the right side 104 of the image display 100. This “sideways” orientation for portrait images on the image display 100 is unacceptable and unnatural. This undesirable by-product of conventional digi tal cameras requires that the user rotate portrait images so that they are presented in a more natural and upright viewing



angle on the image display 100. It should be noted that this



problem also exists for digitized images from conventional ?lm cameras. Traditional rotation methods also have the dis advantage of requiring two blocks of memory to rotate a 50



stored image. What is needed is an apparatus and method that e?iciently and automatically rotates a stored photographic image to correspond to the orientation in which the photographic



digital camera so that a ?rst row of pixels (i.e. row r1) corre



image was captured. 55



SUMMARY OF THE INVENTION



The present invention is an apparatus and method for



cally consists of an array of green (G), red (R) and blue (B) pixels. Alternative embodiments include sensors detecting cyan, magenta, yellow and green as is typically used in video cameras. Other image sensor con?gurations are also used.



scape image would correspond to the top 102 of the FIG. 1D



image display 100. Such an orientation for landscape images on the image display 100 is quite natural and is acceptable for ease of viewing the image. However, the presentation of the portrait image of FIG. 1B upon the image display results in the “TOP” of the portrait image corresponding to either 100, depending on how the user had rotated the digital cam era. FIG. 1D explicitly shows the case where the “TOP” of



In a digital camera, an image sensor is comprised of light



sponds to the bottom of an upright and level digital camera. This image sensor orientation is required since as an optical image passes through a conventional camera lens it is inverted. The image sensor in a color digital camera typi



the image display, the “TOP” (i.e. “top portion”) of the land



the right side 104 or the left side 106 of the image display



sensitive devices, such as charge-coupled devices (CCD), that convert an optical image into a set of electrical signals. Referring now to FIG. 1C, a prior art image sensor is shown having a 480 row by 640 column matrix of light collecting pixels. The image sensor is orientated within a body of the



within digital cameras are conventionally designed to pro cess pixel signals on a line-by-line basis according to only one pixel pattern format. Thus, conventional digital cameras process images as if they were always in a landscape format.



In the presentation of the landscape image of FIG. 1A upon 30



was captured.



2. Description of the Background Art



Referring now to FIG. 1D, a prior art graphical represen tation is shown of the object as captured in the portrait orien tation and output upon an image display 100. The image display 100 is typically a conventional stand-alone, personal computer CRT having a top 102, a right side 104, a left side



rotating the display orientation of a captured image. The apparatus of the present invention preferably comprises an 60



image sensor, an orientation sensor, a memory and a pro



The pixels that comprise the image sensor are arranged into



cessing unit. The image sensor is used for capturing image



various patterns or formats. A common image sensor format



data. The orientation sensor is coupled to the image sensor, and is used for generating a portrait signal if the image sen sor is positioned in a portrait orientation relative to the object. The memory, has an auto-rotate unit comprising pro



is called a Bayer pattern. The Bayer pattern format is de?ned as a pixel pattern comprised of 50% green-light responsive



pixels, 25% red-light responsive pixels and 25% blue-light responsive pixels arranged in alternating rows of “GRGRGR” and “BGBGBG,” as shown in FIG. 1C.
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gram instructions for transforming the captured image data into rotated image data in response to the portrait signal. The
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