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Augmenting Text Document by Controlling Its IR-Reflectance
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ABSTRACT

Locally Likely Arrangement Hashing (LLAH) is a method that describes image features based on

the geometry between their neighbors. Thus, it has been preferred to implement augmented reality on

poorly-textured objects such as text documents. However, LLAH strongly requires that image features

be detected with high repeatability and located at a distance from one another. To fulfill the requirement

for text document, this paper proposes a method that facilitates the word detection in infrared (IR) range

by adjusting the IR-reflectance of words. Specifically, the words are printed out with two different black

inks: one is using the K(carbon black) ink only, the other is mixing the C(cyan), M(magenta), Y (yellow)

inks. Since only the words printed out with the K ink is visible in IR range, a part of words are selected

in advance to be used as features and printed out the K ink. The selected words can be robustly detected

with high repeatability in IR range and this enables to implement augmented reality on text documents

with high fidelity. The validity of the proposed method was verified through experiments.
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Fig. 1. Visibility of CMY—black and K—black text in infrared range. By printing out some words with K—black while
printing out the others with CMY—black, the words can be readily separated in infrared range.
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Fig. 2. Feature description in LLAH, a—e: neighbors of feature p, The area of (a) triangles or (b) quadrangles with
three or four neighbors is computed and their ratios are used for feature description,
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Fig. 3. Existing methods for augmenting text documents, At (a) short, (b) mid, and (c) long range. At short and
mid range, the letters and words should be separately extracted.
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Printing out the document | | Image acquisition L'- Feature detection
- Using the CMY-black and K-black L_ " | - Using RGB and infrared camera - Infrared image processing

- Extraction of the words printed out with K-black
- Using smoothing, binarization, and blob detection

1L
Graphic contents rendering onto RGB images
- Estimating the infrared camera pose A Feature description and matching
- Computing the RGB camera pose from the infrared camera pose - Using LLAH and homography estimation

Fig. 4. Processing flow of the proposed method,
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Fig. 5. Feature extraction from text document images in visible range. The repeatability of the features (red dots)

detected at the same region (yellow rectangle) with different viewpoint and illumination is low. Between (a)
and (b): different viewpoint, (a) and (c): different illumination,
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(a)

Fig. 9. Results of feature extraction, (a) Undistorted infrared images, (b) their binary images, and (c) features (yellow

circles) detected from the binary images.
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Fig. 10. Results of augmenting a virtual cube onto RGB camera images.

(c) (d)

Fig. 11. Results of augmenting a virtual rectangle (which delineates the reference plane) when using RGB camera
images only. (a) feature repeatability: 100%, matching rate: 80%, (b) feature repeatability: 58%, matching
rate: 70%, (c) feature repeatability: 25%, matching rate: 30%, (d) feature repeatability: 17%, matching rate:
30%. (a) and (b): augmentation succeeded, (c) and (d): augmentation failed,
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