- Kinematic Measurement from Panned

Cinematography

Pierre Gervais, E. Wendy Bedingfield, Craig Wronko, Iraklis Kollias,
Gordon Marchiori, Jon Kuntz, Norma Way and Daan Kuiper

University of Alberta
Edmonton, Alberta

Catalogue Data:

GERVAILS, P.. BEDINGFIELD, E.W., WRONKO, C.,
KOLLIAS, L. MARCHIORL G., KUNTZ. J., WAY N,
and KUIPER, D. {1989). Kinematic measurement from
panned cinematography. Can. J. Spt. Sci. 1472 107-111.

ABSTRACT

Traditional 2-D cinematography has used a stationary carmera with its optical axis
perpendicular 1o the plane of motion. This method has constrained the size of the
object plane or has introduced potential errors from a small subject ima ge size
with large object field widths. The purpose of this study was to assess a panning
technigue that could overcome the inherent limitations of small object field widths,
small object image sizes and limited movement samples. The proposed technique
used a series of reference targets in the object field that provided the necessary
scales and origin ranslations. A 102 m object field was panned. Comparisons
berween criterion distances and film measured distances for field widths of 46 m
and 22 m resulted in absolute mean differences that were comparable (o that of the
traditional method.

Key Words: rotating camera; large object field width; average scaie.

RESUME

La cinématographique traditionneile en deux dimensions implique I' utilisation
d'une caméra siationnaire avec les axes optiques perpendiculaires au plan de
mouvernent. Cette technigue a donc exercé certaines contraintes guant @ la gran-
deur de I objer dans le champ optique, ou a introduit des possibilités d erreurs
lorsqu’ une petite image est couplée & I’ urilisation d'un champ & objet trés large,
€1 qui pourrais éliminer les problémes inhérents champ d’ objet de largeur réduite,
4 des petites images et & un échantillonage limité des mouvements. La technique
Proposée utilise une série de cibles de références dans le champ de I'objet avan:
Servi  établir les échelles nécessaires et les transiations d' origine. L' objet a été
Suivi sur un champ de 102 m. La comparaison des distances de référence et les

distances mesurées d partir du film pour les champs o=tigues de 46 et 22 m de
largeur respectivement, a permis 4" abserver des différences absolues moyennes

simflaires 4 ceiles obtenues par la iechnigue cinématographique traditionnelle.

Mots clids: caméra rotative; champ oprique: échelle de référence.

Introsfuction

Cinematography is commoniy used as a means of studying human
movement. The high-speed camera, in 2-D cinematography, is
normally positioned in a stationary location perpendicular to the
plane of m. tion (Miiler and Nelson, 1973). A number of methods
nave been proposed to assist in the control and correction of errors
that appear through the use of cinematography (Doolittle, 1971;
Karara and Abdel-Aziz, 1974; Van Gheluwe, 1975). However,
these methods are limited in the sampie of motion they obtain.
Usually only one phase of a movement can be obtained on the film
from a single camera position. The use of multiple cameras can
provide for a greater field of view in order to obtain a greater
sample on film but this method can be complex, time-consuming
and expensive (Fukashiro et al., 1981; Dillman e al., 1¢85). In
addition to the expenses of multi-camera methods, most labs are
not equipped with more than one or two cameras let alone eight,
as in Fukashiro et al.’s study. Another method to obtain a larger
sample of movement on film is by a system of tracking (Fredric-
son er al., 1970). This procedure involves moving a camera para-
let to the line of motion of the subject to be filmed. However, this
method is impractical for many movement patterns and data cai-
lection environments.

Since many human movements, especially sports events, occur
over a distance, a technique to obtain more than one sample of a
¢yclic sequence could be accomplished through the panning of a
caritera from a single position. The use of panning could give
flexibility to the design of research procedures, as well as
flexibility in subject-to-camera distance. Panning could also
maximize image size, reduce lens distortion (since the subject
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"{ould remain in the center of the field of view), and could reduce——

ervor in data reduction.

The purpose of this study was to assess the accuracy of a
panning cinematographic technique in determining the two-
dimensional spatial coordinates for a known object system.

Methods

Since ail kinematic measures evolve {rom the measuréments of
displacement and time, this study was based on obtaining these
measurernents from cine film and comparing them to criterion
measures.

An object line roz m in length was overlaid by a surveyor’s
chain marked at two-metre intervals. Parallel lines were desig-
nated one metre in front of and one metre behind the object line.

- A theodolite was set on the czntre of the object line and a line

perpendicular to the object line was sighted. The camera station
was positioned along this line 30 m from the object line. The
theodolite was removed from the object line and set at the camera
station. The leftmost end of the object line was located optically
and the horizontal motion clarmp on the theodolite was locked.

Along this optical line, the front reference target was positioried
on the front reference line at an elevation of 0.6 m. Similarly,
along this same opricai line the back reference target was placed
on the back reference line at an approximate height of 1.7 m. The
theodolite was then used w0 locate opticaily the adjacent two-
metre mark on the abject line, and the preceding procedure was
repeated. The placernent of the front and back reference targets
continued until the 102 m field was marked with 52 pairs of
reference targets. A schemaric illustration of the Rlming setup is
given in Figure 1.

The method used to relate image size to object size was based
on the lens formuia and the concept of an *average scale’ used in
aerial photogrammetry for variable ferrain (see Appendix A for
more detail). Panning provides a different oblique view at each
instant in time. This necessitates having a known distance in the
movernent plane for each frame of film, even during actual
filming of a subject. In addition to this requirement, a reference
system must also be provided for coordinate transiation through-
out the object field. Since it is not feasible to have objects of
known length in the movement piane obstructing a subject’s per-
formance, the above system of referencing was used. The system
of reference targets provides for known distances in the plane of
motion that would not interfere with the movement of a subject.
Using adjacent pairs of reference targets, a scaling factor can
easily be found as follows:

Known distance (AB)

Image distance (ab)

Scale Factor =

2m

2 P

where the denominators are sumply the horizontal image coordin-
ates for the reference distance in the plane of motion.

Because the location of a point on a human subject can intro-
duce error unrelated to data collection methodology, this study
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Figure 1 Filming set-up.

used a series of well defined points, i.e., subject targets. The
subject targets represeated the translation of a point through the
piane of motion and as such, were positioned at the centres of the
2 m intervals {quadrants), on the object line and at an approximate
height of 1 m. The translation of the subject targets, criterion
measures (the linear distance between adjacent subject targets),
were measured using a surveyor’s chain.

The theodolite was removed from the tripod and replaced by a
Photo Sonics 1PL pin registered 16 mm camera such that the
camera’s focal point was intersected by the axis of rotation of the
tripod head. An Angenieux 20-120 mm zoom lens was set at a
focal length of 80 mm which provided a feld of view encompas-
sing a munimum of two pairs of reference targets at any one time.
The camera was set to operate at 100 frames per second with an
exposure time of 1/1200 s. The object field was panned from left
to right through its width of 102 m which resulted in a panning
angle of approximately 120°.

The processed fiim was projected via a Triad VR 100 pin reg-
istered film analyzer onto a Bendix digitizing board interfaced to a
Hewlett Packard 98258 micro computer via a Hewlett Packard
g864A digitizer. The 2D coordinates of the subject targets were
determined in the following manner:

i. The frame where that subject target was approximately centred
was selected, so as to represent the approach one would take
when panning a live subject, i.e., keeping the subject in the
centre of the frame of film.

. The origin was set on the front left reference target.

. The back left reference (Xy;) target was digitized.

4. The front (X5 +,) and back (Xy; + ;) right reference targets

were digitized.

5. The scaling factor was calculated using equation [1] with X

equal 10 0.0 as the onigin.

LI N}

108




£

&
&
6.

5. The subject target was digitized {X;, Y) and its real life foca-
f tion displayed a::

= Sub_;cct Xcoord. = S.F. * (Xs - XbiJZ) {2}
Subject Y coord. = S.F. * Y,

All front reference targets were set at the same elevation,
although not necessarily at the same height from the ground. Step

- was used to assure that ail vertical measures were referencedto

the leftmost front reference target and secondly 10 furnish
flexibility to the methed when the front targets may not all be at
the same elevation.

7. The next frame of film for analysis was selected and the origin
was digitized. The vertical coordinate (V) was retained for
origin translation/ corrzction in the vertical direction.

8. Steps I through 3 were repeated.

9. This and subsequent subject targets were digitized (X, Y5)
and calculated as ‘otlows:

Subject X coord. = S.F. * (X, — Xpi/2) + T [3]
Subject Y coord. = S.F. ¥{Y; + V)

— where T was the horizontal transiation of the origin, i.e.. the
distance between horizontal marks on the object line, 2 min
this case. (See Appendix B for a generalized description of the
panning technique.)

Distances between subject targets were calculated using the
Pythagorean Theorem. Repeated mensures were randomly per-
“ormed throughout the digitizing process to assess human preci-
sion in data reduction.

Results

Fifty-one subject targets were spaced along a 102 m object line
forming 50 inter-subject distances at an average distance of 1.969
m (S.D. = 0.038). The calculated distances from {iim averaged
1.998 m (S.D. = 0.044) with an average absolute difference
between criterion and ilm measured distances of 0.015m (§.D.
= 0.015, see Table 1). An inspection of the individual distance
differences revealed that a significant reduction in error was found
in the centre portion of the object field (Figure 2). Reducing the
object field down to 46 m and 22 m, corresponding to 75° and 40°
panning angles respectively, resulted in an average absoiute dif-
ference of 0.005 m (see Table 1). The differences between the
criterion distances and measured distances for these reduced ob-
ject field widths ranged between 0.0 m and 0.0f2 mand 0.0m
and 0.011 m for the 46 m and 22 m fields respectively.

The conduct of this experiment was such that systematic errors
were maximally controlled given the accuracy of the instrumenta-
tion. Repeated measures randomly performed throughout the digi-
tizing process to assess human precision resulted in a correlation
coefficientof r = 0.999.

Discussion

This study was designed to assess the accuracy of a cinemato-
graphic technique that would overcome the limitations of a small
image size and a narrow field width associated with the single
fixed camera. The absolute mean error in this study, between
calculated and criterion distances, was 0.015 m for an object field
width of 102 m and 0.005 m for object ficld widths of 46 m and 22
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Figure2 Error vs. panning angle.
Taiile 1 )
Film Measured Distances vs. Critecion Distances
Qbject Field
Width n Criterion {in} Film {m) Error{m)
12m 30
m 1.990 1.698 0.015
S.D. 0.038 0.044 ©.015
Range {1.828,2.167) (1.838, 2.164) (0.000, 0.058)
46 m 22
m 2.000 2.001 0.005
s.D. 0.052 0.053 0.003
Range (1.848,2.167) (i.838, 2.164} (0.000,0.012)
22m 10
m 2.001 2.002 0.005
SD . 0.077 0.079 0.004
Range (1.848, 2.167) (1.838,2.164) {(0.000,0.011)

m. The results of the 46 m and 22 m fields compared favourably
with that of a fixed-camera study by McLaughlin et al. (1977},
who reported an average error of 6.0 mm (5.D. = 2.4 mm)
between measured and film calculated distances for a typical
biomechanics experiment {p. 573).

McLaughlin er al. (1977), suggested that the total error, when
using known distances for error estimation, was equally distri-
buted between the two points digitized. The error band for esti-
mating a point in space in this study was £7.5 mm and =2.5 mm
for object field widths of 102 m and for 46 m and 22 m both,
respectively (or panning angles of 1 20° and 75° and 40° both,
respectively).

Two questions were recently asked about the present investiga-
tion: (1) whether or not the error was contained in only one
ceordinate and what the relative magnitudes might be and (2)
what the results might be if the object targets were in positions
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er than in the approximate centres of the quadrants. There was
?;10 atternpt made in this study to differentiate between the relative
‘errors in the horizontal or vertical coordinates, since the overall
objective was to assess th: method’s general ability to locate a
point accuraiely in space. It is hypothesized that both coordinates
are susceptible to error. This question will be addressed in a future
siwdy.

In a recen: study that used the panning technique (Gervais and
Wronko, 16%8), an assessment of accuracy similar to this study
was undertaken, although not repotied at that time. A camera was
positioned 15.5 m fromn the cenoe of the object field. A cart, with
four marked distances (.28 m, .591 m, .67 mand .284 m) was
panned while it was pushed through an object field of 14 m (or a
panning angle of 48%). Forty frames of film were digitized, pro-
viding object points at various locations within each of the seven 2
m reference quadrants. The absolute mean error was found to be
0.017m (s = 0.01, n = 160). This would indicate a mean accura-
cy of = 8.5 mm in locating a point in space. The middle quadrant,
which approximates the Taditional still camera technique, pro-
vided an absolute mear: 2.70r of ©.021 m {§ = 0.0004, n = 14},
Although the results from Gervais 27 al. (1983) experiment are
higher than those for the present study, due possibiy to the flm’s
graininess, since filming was indoors and the film was pushed, it
is comparable to the results for the middle quadrant.

The panning me:hod altowed for the collection of data that
would not have been feasible or highly accurate with a fixed
camera. Filming an cbject field wicth of 102 m with the tradition-
al mathod, for all intents and purposes, would be impossible. A
still camera set-up, using a 20 mm lens, for a piane of motion 46
m in width would require that the ~amera station be positioned
approximately 92 m from the plane of motion. If we were filming
the triple jump, a 22 m object field width would not be unreason-
able. Using a 20 mm focal length, the fixed-camera technique
would require that the camera be positioned approximately 44 m
away. In addition to the possible lens aberrations inherentin the
use of a short focal length, both of these set-ups would produce
rather small subject image sizes. These image sizes would contri-
bute considerably to the ampiification of random error associated
with any data collection from the film (Dainty and Norman,
1987).

Dainty ef al. (1987) recommended that ‘the accuracy of the
displacement histories ... of the digitized points in the photo-
graphic plane should be within 1% of the true value’ (p. 76). A
nanning angle of 75° or less produced a maximum error of 0.012
m or 0.6% of the true value.

In conclusion, panned cinematography can be a particularly
useful tool for the sports scientist. In activities such as speedskat-
ing and nordic skiing, for example, the ptacement of a fixed
:amera o encompass even two strides within the field of view
results in an image size small enough to introduce considerabie
arror in the subsequent analysis. By comparison, the panning
echmique introduced in this paper maintains a large image size
sver what traditionally would be a large field width for static
fiming without any undue sacrificing of 2-D coordinate accuracy.
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Appendix A: Scale

The lens formula suggests that the scale used for converting photo
image units to life size units is

Image size focal length

- Object size D(object — lens distance)

In zerial photography, the photogrammelnist may use an average
scale for a photograph taken over a variable terrain (Wolf, 1974,
p. 110). The conversion factor or scale in the panning method is
an adaptation of this method for photos in a vertical plane using an
average scale as though the object field had a variable object-lens
distance or terrain (Figure 3). It must be point out that using this
‘average scale’ is only exact at those points which are at Dyyg
from the lens. If a researcher had the instrumentation in the
camnera to record the panning angle for each frame of film shot, a
scale factor might possibly be calculated for every point digitized.
This could be accomplished using the methods of photogrammet-
ry for tilted photographs (Wolf, 1974 pp. 249-255). The efficacy
of such an approach will be investigated at a later date.

L camera siation

a) acale: vertlcal photograph b} acale: panning view

over variable terrain

Figure 3 Scale factor,
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Appendix B: Set-up Procedure For Panning

. Determine plane of motion.
2. Mark paralle! lines of reference on either side of the plane of

3.
4.

6.

motion.
Mark centre of plane of motion. _
From the centre mark, measure and mark reference distances

along the plane of motion. Ensure that these reference dis-
tances will assure a minimum of two target reference pairs in
the film view when panning.

- Either optically or using simple geornetry and chains, locate

the camera station along a line perpendicular to the plane of
molion :ntersecting at its centre.
From the camera station, optically sight a reference mark loca-

. When filming, pan so that the subject remains in the approxi-

tion on the plane of motion. Along this line of sight pIacE}fr;;;
and back reference tasgets. Continue this procedure through-

out the plane of motion. Ensure that the vertical heights of the |

front targets are low enough not to obscure the view of the
performer.

mate centre of the frame of view.

. When reducing the data, use equations 1], {2], and [3]. Note:

The above procedure is best achieved using a theodolite and
elementary surveying techniques. Yet, a cine camera with
cross hairs in its viewing optics or 2 camera with a compass
transit placed along the optical axis should provide the neces-
sary precision for the panning set-up.




