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Abstract  
In navigation devices of today the This article looks at how commercial of the shelf (CTOS) database solutions 

can be utilized to solve the dynamic point of interest problem.  

This article is relative to the following versions of RDM: 

V RDM Embedded: All 

V RDM Server: All 
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Introduction  
Navigation systems found in cars and handheld units provide an efficient and easy way to lookup points of 

ƛƴǘŜǊŜǎǘ ƛƴ ŀ ŎƛǘȅΣ ŦƛƴŘ ǘƘŜ ōŜǎǘ ǊƻǳǘŜ ǘƻ ŀ ǳǎŜǊΩǎ ŘŜǎǘƛƴŀǘƛƻƴ ŀƴŘ ǇǊƻǾƛŘŜ ƻǘƘŜǊ ǊŜƎƛƻƴŀƭƭȅ-based operations by 

efficiently managing map points. A typical query for these devices is for example locating the nearest Italian 

restaurant based on the current position of the vehicle. Proprietary data sets and indexing algorithms are used 

to solve these types of queries, but a major drawback with most of these devices ƛǎ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ΨǊŜŀŘ ƻƴƭȅΩ ǘƻ 

prevent users from making changes and corrupting the dataset. Updates to datasets must be done in batch 

mode, and the complete dataset and indexes must be rebuilt on a regular basis because new businesses are 

constantly cropping up and new roads and buildings are being constructed. Vendors are therefore unable to 

offer customers localized datasets which could be sold at gas stations and other venues, nor can users make 

route calculations on the fly to avoid ad-hoc obstacles like accidents. 

Commercial off the Shelf (COTS) Solution  
COTS embedded databases are designed to manage changing datasets and indexes without the chance of data 

corruption, but they have a different problem - ǘƘŜȅ ŘƻƴΩǘ ǎǳǇǇƻǊǘ ǘǿƻ ŘƛƳŜƴǎƛƻƴŀƭ ƛƴŘŜȄŜǎ ƴŜŜŘŜd to 

efficiently manage points-of-interest. If we can find a solution where COTS engines could be used, navigation 

vendors would be able to design more robust devices and provide new services to their customers. 

The problem stems from the fact that a point of interest must be indexed based on both its longitude and 

latitude value where neither of the two values is favored. By default a one dimensional index will favor one of 

the two values making a range query very inefficient, which is the main reason why vendors create their own 

proprietary solutions. 

 
Figure 1 
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Figure 1 is a longitude, latitude grid of all points in a system where both the longitude and latitude are coded as 

4 bit values. In real world applications these values would be 32 bit but for the simplicity of describing both the 

problem and solution, the maps in this article will be based on 4 bit data types. 

A one dimensional index, such as a B-Tree, will only provide an efficient longitude/latitude index in one 

direction. In the figure, the longitude values are illustrated as the most significant information so the index will 

only have vertical efficiency. Think of the value in each cell as what the index sees, and the index is sorted from 

low to high.  

If we add a region query based on the bounding box between (5, 5) to (9, 8) this would translate to a range scan 

of the index between the two values. Figure 2 illustrates exactly that. 

 
 Figure 2 

Not only are the yellow points returned to the application but also all the false gray points that are clearly 

outside the bounding box. This inefficiency is the major reason for navigational vendors implementing 

proprietary solutions based on two dimensional indexing algorithms like R-Tree or any of its cousins. By making 

the proprietary implementation rŜŀŘ ƻƴƭȅΣ ǘƘŜ ǾŜƴŘƻǊǎ ŘƻƴΩǘ ƴŜŜŘ ǘƻ ƛƳǇƭŜƳŜƴǘ ǘǊŀƴǎŀŎǘƛƻƴŀƭ ǎŀŦŜǘȅ ƻǊ 

concurrency control to avoid corruption or allow multi-threaded application access to the data.  
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Implementation  
This article will describe a solution to the two dimensional problem by mapping it down to one dimension 

allowing us to leverage all the investments done in the embedded database space. This not only allows the 

vendors to efficiently query these points-of- interest but also allows them to dynamically add other one 

dimensional information to ǘƘŜ ǉǳŜǊȅΣ ƭƛƪŜ ǘȅǇŜ όƎŀǎ ǎǘŀǘƛƻƴΣ ǊŜǎǘŀǳǊŀƴǘΣ ŜǘŎύΣ ǿƘƛŎƘ ŎŀƴΩǘ ōŜ ǎƻƭǾŜŘ ǿƛǘƘ ŀ ǘǿƻ 

dimensional index system. 

If you look at the previous figure, the one dimensional index is inefficient since its most significant piece of 

information is taken from the Longitude values and the second most significant from the latitude,  thus creating 

the undesired vertical efficiency. If you translate the points into the bit pattern used by the indexing system it 

will look like this: 

 
Figure 3 

The four most significant bits (x4x3x2x4) stem from the Longitude value and the 4 second most significant bits 

(y4y3y2y4ύ ǎǘŜƳ ŦǊƻƳ ǘƘŜ [ŀǘƛǘǳŘŜΦ [ŜǘΩǎ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ½-value1, which is made up of interleaving the most 

significant bits from both dimensions, resulting in values on the form (y4x4y3x3y2x2y1x1). If our one dimensional 

ƛƴŘŜȄ ǳǎŜǎ ǘƘƛǎ ōƛǘ ǇŀǘǘŜǊƴ ŀǎ ƛǘǎ ƛƴŘŜȄ ǾŀƭǳŜǎ ǿŜΩƭƭ ōŜ ƛƴŘŜȄƛƴƎ ǎƻƳŜǘƘƛƴƎ ǿƘŜǊŜ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŦƻǊƳŀǘƛƻƴ 

from both dimensions is taken into consideration. Figure 4 shows the pattern. 

                                                           

1
  Morton, G. M. (1966), A computer Oriented Geodetic Data Base; and a New Technique in File Sequencing, Technical 

Report, Ottawa, Canada: IBM Ltd. 
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Figure 4 

For illustration purposes each cell has both the binary and decimal representation of the Z-Values. Instead of 

ƘŀǾƛƴƎ ǾŜǊǘƛŎŀƭ ŜŦŦƛŎƛŜƴŎȅ ǿŜΩǾŜ ƴƻǿ ƳŀƴŀƎŜŘ ǘƻ ƛƴǘǊƻŘǳŎŜ ǎǉǳŀǊŜ ƭƛƪŜ ŜŦŦƛŎƛŜƴŎȅΣ ōǳǘ ǿŜ ǎǘƛƭƭ ŎŀƴΩǘ ǘŀƪŜ ŀƴȅ 

random region and expect an efficient result. If our bounding box happened to be from (0, 0) to (3, 3) or (6, 6) to 

(7, тύ ǿŜΩŘ ōŜ ŜȄǘǊŜƳŜƭȅ ŜŦŦƛŎƛŜƴǘ ǎƛƴŎŜ ŀƴȅ ǉǳŜǊȅ ǿƛƭƭ ōŜ ƳŀǇǇŜŘ ǘƻ ŀ ǊŀƴƎŜ ǉǳŜǊȅ ŀƴŘ ŀƭƭ Ǉƻƛƴǘǎ ƛƴ ƻǳǊ ǊŜƎƛƻƴ 

have contiguous increasing value. E.g. the (0, 0) to (3, 3) bounding box resulting in a range query from 0 to 15. 

[ŜǘΩǎ ƭƻƻƪ ŀǘ ǘƘŜ ǊŀƴƎŜ ǉǳŜǊȅ ŦǊƻƳ όрΣ 5) to (9, 8) that we were initially working on, How would that look? 


