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Abstract

The advent of digital video has affected many fields. In physics

classes, videos have been used to augment or replace

traditional laboratory and demonstration equipment in the study

of kinematics, dynamics, vibrations & waves, and electricity &

magnetism. This presentation focuses on the strengths and

weaknesses of using videos to teach physics and gives an

overview of the technical challenges.
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KINEMATIC Analysis

Taking accurate measurements suitable for kinematic analysis requires attention to the following factors:

•Set-up: The mini-DV camcorder is attached to a tripod and aimed horizontally at the object whose motion is to be measured.

See the front and side views below.

•The background provides good contrast.

•Shutter speed is increased to 2.0 ms (from 17 ms) to decrease the blurring of images of fast-moving objects. This requires extra

lighting (One to three 500-watt lamps are used.).

•Manual focus is used, as auto-focus is too unreliable when there is a homogeneous background.

•Time resolution is 1/60 second when video is de-interlaced.

•When motion lies in a plane that is perpendicular to the camera line-of-sight, the scaling is optimally accurate. A distance marker

(a meter stick, in the pictures shown below) is placed in the plane of motion so that pixels may be converted to meters using

Videopoint, our motion analysis program.
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Lens Distortion

Lens distortion was found to be

the largest of the four major

errors in video-based motion

analysis. The usual result is a

gradual distortion of the image

across the entire field of view,

horizontally and vertically,

although the greatest distortion

is near the edges of the frame.

To illustrate this effect, an

ordinary piece of graph paper

is placed normal to the camera

line-of-sight.

Lens Distortion Measurement

Lens distortion error (LDE) is quantified by measuring the

relative pixel size versus pixel number. Measurements of

several different files are made to separate LDE from

discretization error. The size varies from the mean by as

much as 6% and is modeled quadratically.

Relative Pixel Size vs. Pixel Number
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Lens Distortion Correction

From the relative pixel size model, calculus is used to derive

a correction equation. (Note: The coefficients a, b, and c are

the coefficients from the pixel size model.) When this

correction model is applied to constant velocity motion along

the horizontal midline, the corrected velocity much more

closely resembles this type of motion, while the average

deviation from the true velocity is reduced from 2.0% to

0.23%.

Speed vs. Time
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Discretization

The discretization of the field of view into pixels causes an

average error of 0.25 pixels (px). This effect is evidenced by

the small number of ordinate values in the pixel size graph

below. Each position error tends to result in opposing errors

in the finite difference calculation of two consecutive

velocities, as shown in the speed graph below. Averaging

many trials may be used to eliminate this error.

Scaling

Locating an object in a frame of video yields a Cartesian

position in pixels. This position is converted to standard units

such as meters by placing an object of known size in the

plane of motion. For optimal accuracy, this object should

subtend a large fraction of the acceptance angle.

Scaling error can occur when the object moves outside of the

intended plane of motion. For example, if an object is a

distance s behind the plane, the correction factor is

proportional to the distance from the center of the field of

view:
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Parallax

When an object’s size is a moderate fraction of the camera

distance, c, parallax may occur. The correction factor varies

with the distance from the center of the frame:
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Introduction

Digital video has recently become very popular in introductory

physics classes. This paper outlines general recommendations

regarding equipment and software; videography issues such

as scaling, shutter speed, lighting, background, and camera

distance; as well as other methodological aspects. While video

has been used successfully in many quantitative kinematic

analysis [1-6] in teaching and research laboratories, it is also

handy for qualitative explication of physical concepts [7].

ERRORS in KINEMATIC ANALYSIS

The four main sources of error when using video for kinematic

analysis are parallax, lens distortion, discretization, and

improper scaling. These errors and how to avoid or correct for

them are described below.
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