
How lens selection leads to success (or failure) 

in video surveillance systems

Figure 1: A 5 MPixel camera with a Theia SY125M lens captured an image of a hexagonal 

hallway ring.

Matching lenses to cameras proved pivotal in two separate high school surveillance 

applications. 

Andrea Van Landingham

When lens selection for video surveillance applications is not given enough attention, or 

is not fully understood, costly mistakes can occur. While understanding the most 

important considerations in lens selection ultimately leads to success in the system, a 

lack of knowledge will lead to failure. 

Success: New Jersey high school 

For example, when a high school based in New Jersey, USA had a safety issue in the form 

of unacceptable aggressive student physical behavior and occasional theft, the school 

thought that an improved video surveillance system would help with deterrence as well 

as post­event response. The previous system consisted of analog cameras the school con­
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sidered “high resolution,” but not high enough resolution for use with wide­angle lenses 

that could effectively meet coverage needs. Pan­tilt­zoom (PTZ) cameras were not used, 

nor did the school want to use them, as they had limited staff and would not have enough 

time to control and monitor the cameras. 

Goals identified by the administration for a new system included forensic quality identi­

fication at entry and exit points, people recognition in parking lots, and forensic quality 

identification in an unusually­shaped hexagonal central hallway. School security staff 

conducted an extensive search for products to meet these demands and felt that upgrad­

ing to megapixel (MPixel) cameras would provide them higher image resolution and still 

allow the use of wide­angle lenses to cover wide areas. In looking at camera brands, 

models, and features, the staff found that not all MPixel cameras met their needs.

Additionally, the staff researched wide­angle lenses, seeking coverage of various wide 

areas. After consulting local integrators, the staff evaluated lens samples from four lens 

manufacturers, finding that most wide­angle lenses tested produced a severe fisheye 

effect. Some lenses resulted in a blurry image, even when using a 5 MPixel camera. 

Upon testing completion, the staff selected a pair of 8 MPixel, 360°, multi­sensor cam­

eras, one for the cafeteria and one for the computer lab. Thirty­four 5 MPixel cameras 

were also chosen for indoors and 11 for outdoors. There were 25° horizontal field of view 

lenses (18) and 90° lenses (8) specified for the cameras. 

Finally, there were twelve 135° horizontal field of view, low fisheye distortion lenses 

from Theia Technologies (Wilsonville, OR, USA; www.theiatech.com)–six for coverage of 

a hexagonal hallway (Figure 1), two for coverage of the parking lot and open­field area, 

two for coverage of the corners of building wings, and one each for covering two tempo­

rary buildings as well as the front entry.

In choosing the correct pairing of cameras and lenses, the school achieved its desired 

results—what they considered “great resolution” at designated placements, with excel­

lent image fluidity and fast response time—at 30% under budget. As a result, the admin­

istration laid plans to upgrade other schools in the district with similar video surveil­
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lance systems. Fig­

ure 2: An analog camera and standard resolution lens captured an image of an outdoor 

seating area (a, left), and a digital 1 MPixel camera and Theia lens captured an image in 

the same location (b, right), both of which were insufficient for the school.

Failure: Southern California high school 

Experiencing similar problems as the New Jersey high school, the administration of a 

southern California­based school had concerns for the safety of students and staff. 

An existing video surveillance system (Figure 2a) consisting of 170 analog cameras did 

not provide enough resolution for wide­angle lenses and a “legally­acceptable descrip­

tion of individuals.” The system also suffered from poor reliability, with frequent break­

downs and subsequent down time, and was complex and costly to maintain and monitor.

Needing to achieve greater spatial coverage than with the existing system, the school 

administration sought a surveillance system with improved image clarity, increased sys­

tem uptime, and a more manageable system size. With a new video surveillance system, 

the administration also expected to have the ability to zoom in and acquire the legally­

acceptable descriptions of individuals from 60 to 70 feet away, while achieving wide and 

continuous coverage without the use of PTZ cameras.

The school hired a consultant to design such a surveillance system. After meeting with 

the school to understand these needs, the consultant selected the equipment, sought the 

advice of manufacturers, and conducted testing. The consultant reduced the camera 

count from 170 analog cameras to 43 1 MPixel cameras, and chose 43 wide angle, low 

distortion 5 MPixel lenses from Theia Technologies. 

Cameras and lenses were then installed at the school, (Figure 2b), but shortly thereafter, 

the lenses were returned, as the images captured by the system were insufficient.
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Figure 3: Images 

are captured with the same camera from the same distance, but the native resolution 

from the camera is spread over the entire field of view of the lens, which affects pixel 

density and image resolution.

What went wrong 

As effective as MPixel cameras and lenses are, limitations of the technologies exist. For 

example, one important and often neglected consideration is the trade­off between 

image resolution and field of view. With any given combination of camera and lens, the 

native resolution from the camera is spread over the entire field of view of the lens, 

affecting pixel density and image resolution. The wider the resolution is spread, the 

lower the pixel density. In Figure 3, images captured by the same camera, from the same 

distance, illustrate this trade­off. The widest field of view enables coverage of the widest 

area, but does not provide high detail, while the narrowest field of view permits capture 

of high detail, but at the expense of wide area coverage. 

In Figure 4, images each taken with the same camera from the same distance away, 

shows the sacrifice of high detail and ability to identify a person with a wide angle of 

view, as well as the ability to cover a wide area.
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Figure 4: Image 

detail and the ability to identify a person are sacrificed with a wide­angle field of view as 

is the ability to cover a wide area in images captured with the same camera from the 

same distance away.

Conclusions

Another important consideration in systems design is understanding specific needs and 

using the right equipment to meet those needs. Both high schools recognized the neces­

sity for different resolution at different locations, but the equipment selected for the Cal­

ifornia school reflected a “one size fits all” approach, a major fault of the system design 

resulting in the return of the lenses. The administration expected the system to cover the 

wide parking lot, with the ability to see licenses plates and identify faces at a distance, 

which it could not.

A combination of lenses—a wide­angle lens for coverage and a narrower lens covering 

entry and exit points with high detail—could have been used to accomplish both tasks. 

While a more tailored approach to equipment selection might take longer to research and 

test—and may result in losing volume discounts achieved through buying units in larger 

quantities—it beats having to rip out the old equipment and reinstall the correct equip­

ment, along with the associated time, effort, and costs involved in doing so. 
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Theia Technologies’ image resolution and lens calculator (http://bit.ly/VSD­THEIA) 

allows systems developers to input important details of an application and potential 

equipment, then calculates image resolution, given these parameters. For example, if a 

developer plans to use a 5 MPixel, 1/2.5” sensor camera and 3 mm lens 50 feet away 

from a subject, the tool calculates pixel density—in this case, 27 pixels/foot—as well as 

coverage width, which is 97 feet wide in this example. The tool then provides an image 

representative of the level of image resolution available with the selected variables, 

allowing developers to quickly see if there is enough resolution to meet the application 

needs.

Once the needs and goals of a system are understood and the equipment researched and 

chosen, the last step—of course—is evaluating the products in the application. 
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