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How accurately can we  
measure from video?

Camera calibration

Camera calibration  - 11 parameters (p) that describe the relation between 

world and image co-ordinates:

world-to-image: a = f (A ; p);

image to world: A = f -1 (a, zw; p).

(p) include both intrinsic (e.g. focal length, lens distortion) and extrinsic

(translation, rotation) parameters.

Calibration is performed in two steps:

1. Tsai Calibration (planar assumption for world points);

2. Local optimization (using world depth as well, if  available).

Factors, affecting measured position
• Calibration parameters:

• Accuracy of  world and image points

• Assumption of  a ground plane for calibration points

• Local optimisation criteria

• Assumption of  a ground plane for road users

• Image resolution

• Viewing angle and distance from road user to camera
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The image illustrates what distance in meters one pixel in camera image corresponds to. Thus, if  all other error 

sources are eliminated, and the position is measured with one pixel accuracy, that would be the accuracy in meters 

to expect. The further away from the camera, the lower is the accuracy.

Camera height and point choice
Camera I, height  8 m Camera II, height  5.3 m

test a (points evenly distributed)

test c (points concentrated in the corner further away)

test b (points concentrated in the nearest corner)

Red points are used for calibration, black points are used as controls. The lines connect the actual points as seen in the image/map 

and their projections from the map/image using the estimated calibration parameters (that ideally should match). Note, that for the 

red points and points around them the errors are quite small, which means that we can expect accurate measurements near 

calibration points, but are more uncertain in areas far from the points.

In test c for camera II the calibration appear to be better than for camera I, which might seem illogical. This is simple a “good luck”, 

the scenario is very unstable. Replacement of  just one point used for calibration changes the error magnitude and direction greatly.

Multi-camera calibration

Conclusions
• Calibration points should be evenly distributed to cover entire study 

area. Few but well-placed points often provide calibration as good as 

20-30 points.

• By combining more than one camera view, additional points in the 

world model can be produced, which in its turn improves the 

calibration of each individual camera.

• Attention should be paid to the slope of the road surface. Additional

inacuracy is introduced if it deviates too much from the planar 

assumption.

Camera vs. GNSS positions

test a.

22 evenly distributed calibration points measured with GNSS. 

The car is assumed to move in a perfectly horizontal plane.

* Leica GX1230 GG, provided accuracy is less than 1 cm for static points and 1-30 cm for moving points

A car with a GNSS receiver* was filmed while driving through an intersection. After 

calibrating the camera, a wire-frame model was manually fit on the car in the sequential 

images, producing a trajectory.

test b.

6 calibration points taken from GoogleMaps satellite image. 

No points at all at one corner of the intersection.

1. Initial calibration. Each camera is calibrated independently against the available 

world points.

2. World model extension. Points with unknown world position but easily 

identifiable in camera views are projected to world co-ordinates using initial calibrations. 

If  more than one position estimate is available, average value is used.

3. Calibration update. Each camera is calibrated against the new world model.

4. Iterative optimisation. Steps 2 and 3 are repeated until the calibrations are not 

improving any more.
Camera I Camera III

Red points are found in the map and in camera views (but not all in every camera). Green points are found only in camera views and are 

used to extend the world model.

The original points for each individual camera are concentrated in a far-away corner and provide very poor calibration on their own (test c in 

the section above). However, adding new points to the world model improves the calibration quality for each camera greatly.

test c.

Multi-camera set-up. Same original points as in test b, but the 

use of an extra camera allows to add 4 points to the world 

model and cover the entire intersection.

Abstract
Video analysis has long been one of the main methods to collect micro-level

data about road users. In this study we investigate the effects of different factors

on the final accuracy of the measurements taken from video. We suggest also a

new method for improving the quality of the camera calibration by utilising

several views from different perspectives that complement each other (multi-

camera calibration). Two experiment set-ups were used – a controlled

environment with static densely located points recorded from many perspectives

and a real-world intersection where we drove a special vehicle equipped with a

GNSS receiver. As continuation of this research we plan to investigate the

temporal aspects of the accuracy – for example, synchronisation between the

cameras and unevenness of the recording frame rate.


