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ABSTRACT
The video in the supplementary material shows the business recog-
nition results on a one minute long footage. In the PDF, we show
more results of business recognition on images and provide a dis-
cussion on the time complexity of the framework; we explain how
equation 1 can be solved efficiently using Local Neighborhood Sea-
rch method. Finally, we show qualitative results on a subset of 
SVT data set.

Business Recognition Results: Figures 1 and 2 illustrate more 
examples of business recognition using the proposed framework. 
Fig. 1 shows four sample queries with one or multiple businesses 
with their detected text and recognized words. The PDFs of text 
processing, image matching and fusion process are shown in (b) 
along with the best matching web images. The word recognition 
results of Wang et al [6]. are provided in the last column. Note that 
in all of our experiments, the method by Want et al. is assisted by 
our lexicon as well.

Fig. 2 shows more results similar to fig. 1  a long w ith over-
laid character boxes obtained from text detection and the results of 
Wang et al.’s method using two different tweaked thresholds 
which yielded the best results. In the main paper, we reported the 
quantitative results using the threshold which led to the best 
overall performance for their method.

Complexity and Optimization Method: The time consuming
elements of our framework are downloading and processing web
images, text detection, and solving equation 1.

Downloading web images, extracting SIFT features and finding
their BoVW representation may take few seconds to several min-
utes depending on the number of found images. However, this pro-
cess can be done offline for all the businesses in the area of inter-
est. For instance, for the city of San Francisco, the names of all
businesses within the borders of the city can be extracted from the
business directories and their respective web images can be down-
loaded; then the SIFT features can be extracted and their BoVW
representation can be computed and saved all in an offline manner.
That way, as long as the query image is within the borders of the
city, matching the query image to preprocessed web images can be
done in a fraction of a second.

Our non-optimized implementation of SWT text detector pro-
cesses one image in approximately 5.3 seconds on average. How-
ever, upon having an optimized parallel implementation, this pro-
cess can be significantly sped up as discussed in the original 
SWT-based text detection paper [8].

Solving Eq. 1 using Local Neighborhood Search: A naive way of 
solving equation 1 is exhaustive search which forms all the 
possible permutations and computes all of the edit distances. 
However, this problem is combinatorial, meaning that for a query 
word with N characters and k candidates per character, the number 
of possible permutations is kN requiring L × kN calculations of 
edit distance where L is the number of words in the lexicon. For 
typical values of L = 200, k = 6, N = 6, the number of required 
calculation will be > 9.3million which makes exhaustive search 
impractical. Therefore, we utilize a Local Search optimization 
method (Tabu-search with 3-swap neighborhood size), which is 
shown to be suitable for such combinatorial problems, to solve 
equation 1.  That way, equation 1 is typically solved in a fraction of 
a second for one word.    Business recognition on one query image 
can be typically done in no more than 3 seconds on average using 
an optimized parallel implementation of the framework in C.

Experiment on SVT Data Set: SVT [5] is a text recognition 
data set for street scenes which includes screen shot images of 
Google Street View. Each image is associated with a lexicon which 
may partially include the names of some businesses. However, the 
words in the lexicon are provided individually and their associa-
tion to businesses are not specified. This makes the dataset un-
suitable for evaluating business recognition as the marginal PDF 
P (bi|m1) and search keywords for downloading web images can 
not be formed. However, we provide quantitative results of our 
word recognition method along with Wang et al.’s [6] on a subset 
of the SVT data set. Sample results are shown in figures 3, 4 and 5. 
Left column shows our text detection results with overlaid bound-
ing boxes for characters. Middle column illustrates our recognition 
results. The green bounding boxes in the right column demonstrate 
the results generated by Wang et al.’s method [6], while the purple 
ones mark the words which exist in the lexicon but their method 
failed to recognize The text detection results are not adjusted in 
order to guarantee the fairness of the comparison. Notice the supe-
rior performance of our method which is primarily due to the multi 
hypotheses approach.
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Figure 1: Business recognition results. (a) shows the query image, detected text by text detection and recognized words. (b) the PDFs
found by text recognition, image matching and fusion along with the best matching web images for each business. (c) the recognized
businesses. (d) word recognition results of Wang et al.
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Figure 2: Business recognition results. (a) query image along with detected text. (b) Recognized words. (c) the PDFs acquired from 
text detection (top) and image matching (bottom). (d) The PDF acquired from the fusion process. (e)Recognized Business. (f) and 
(g) show Wang et al.’s word recognition results using two different thresholds.
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Figure 3: Sample results from SVT data set. (Left) Text detection results. Red and green represent dark text on bright background
and bright text on dark background respectively. (Middle) shows our word recognition results. (Right) illustrates the results of Wang
et al.’s method. The purple bounding boxes represent the words which exist in the lexicon but their method failed to recognize.
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Figure 4: Sample results from SVT data set. (Left) Text detection results. Red and green represent dark text on bright background
and bright text on dark background respectively. (Middle) shows our word recognition results. (Right) illustrates the results of Wang
et al.’s method. The purple bounding boxes represent the words which exist in the lexicon but their method failed to recognize.
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Figure 5: Sample results from SVT data set. (Left) Text detection results. Red and green represent dark text on bright background
and bright text on dark background respectively. (Middle) shows our word recognition results. (Right) illustrates the results of Wang
et al.’s method. The purple bounding boxes represent the words which exist in the lexicon but their method failed to recognize.




