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.I In my biomchmiza! studies it is desirable to know th position or velocity of a r o d  object. When snly 
the product elupent of velocity is of interest, it i s  appropriate to use photoelectric devices (Welson, Larson, 
Crawford, 6 Brose, 1966:  robe^?;;, 1972). Bowever, vben p r m s  elenents (e .g . ,  segrental kinematics) as well as 
product eleornts are !xiq investigated, the predominant research twls  are cinemtography and videograph?. 

The biomechanics lihrature contains my studies in vhich a cine/vidw a ~ l y s i s  vzs pe r fo rd  tc obtain 
che position or velcsity of a sprts ilspl-t. Examples of rourd objects which have ken f i l d  iinclwle: 
h s e h l l  (Hclntyre L Pfautsch, 1982), basketball (Eudson, 19821, howl& k l l  (muse i &en, 1980, qolf b l l  
(Cwper, Bates, Mi, 6 Scheuchenzuber,l474), h r  baiy (Cap=, 1985), h!di?dll (Eolt, 1 9 6 9 ) ,  lacrosse tall 
(Stevenson, 1983), neball (El!i5tt & Snith, 1981), racquetball (Kent & Barlow, 19821, s b t  p r i  (Desiureault, 
1 3 7 0 ,  soccer ball (Toc h %shizaki, 1980, softball (Zolli1?qer,l971), temis bdll (htw, 1 9 5 0 ,  vol lqb l l  
: E r ~ e  i S h p l r ~ ;  1391), w:er palo ball ( av i s  i Blanksty, 1977), &d weight piate of a barbell (lurdett, 1392). 

!r, qenerz1, the ty~ical  procedure for cine/video data reduction is t ~ :  ;a! project b e  f i l l  cr,k 

a cca;?iterized qr?;hic t a l e ?  ( W e n  k Adrian, 1974) or television wnitor !e .q . ,  Pear Perfmane Teilimolqies, 
I?:;) 'bj use an a:tach& scylus or cursor t? digitize displace~nt data froa previoujly mrked iocdtioni, (c)  
r eme  rinasm dlcitiiiiig error in the rlw data points by fitrirq tb pints  with a diqlta! filter (iln%r, 
::die!,, h tlobson, 19741, r ~ d  (6) othin derivatives by eqloyirq direct differentiation ~f the spiine fb-,ctior,s 
cr by u5i.y finite diifersnce xthods (Hiller 6 Raison,l9llj vith t!!e filtered dab [Pezza:k, h m n ,  6 iii.::?r, 
1 3 7 7 ;  Dn:'srt!?aLe1y, m y  conventional aspects of cinelvideo daw redxtion are inappropriate vhen ar.a:j.zinq 
the behavior of a h i l .  

First, prohe% a:iic a t  the stdqe o! diqiti~inq k a m e  no prsviosij. wrkel I?cat;cn rexin: s: t'.e 
center of a b l i  in flignt. Nthouqh i t  may be pssibie LI treat a small baii (e.g , qolf hi:) as a poist and 
estimte its cer.ter (Sihpirs, 19:3), i t  is d d t f u i  that a larye ball je.q., bastethll) could be treated 
axfr3trly 2s pin: [Dinh i HuCson, 1981). Rather than est iat i rq the centar c l  a h i l ,  an a;teza!? 
crocedure is t o  diqitize me top, front, bottom, or back edge of Vie ball. Given Me precision of d e n  
d!gitiziny syfteu. therd are many pints hich appear to be the topmost, frontmost, etc.. In Me best case, the 
error asixiated with this method my not be mch greater than that associated wltO dlgitiiinq s u l l ,  rx?d 
joi;;: rmrl:ers. Bcwxr, i n  t$e vorst cdse, accuracy of data reduction is dininisikd if  the se!ectd .!d iis 
blurred, d e i m w i ,  ohsccred, indis:irquishbie fro# the bdckqrowj, or leaves the !iln i q e .  

Second, errors intrduced in diqitizinq a e  dif!icult to eliairate. For splines and fi!ters to io:k 
p r p r l y  kith round object dab,  several frames of data are required. Wc:d (19i4) has advised t ' t  if there are 
fever than 25 data points (frames), the splinr met!!od should be used vith caution. Althooqh there is no 
stnbiished nininum number of f r a ~ s  tc. use with a digital filter, the inclusion of additional fraoes, whish 

P brack~t the region of interest and are scbseq~ently deleted, is considered necessary (Patrick, h'id.;le, & 
Hilhr ry ,  198?.). If tnere are tw felr frates to use splines and filters, i t  is s t i l l  possible to f i t  the dab 
with 3 plynomiid! equatlriq, but this method is considered tc  be less satisfactory than splines (Zernicke, e t  
a!., 1975) an;! filters {Pertack, e t  a l . ,  1977) .  Typicaliy, a tiomechanical fi!m of a ball skill aiqht include 
oaly 5-19 :raws 3ftr: iya-act or reiease. O f  course, a larqer :mi lenqt$ lens could be used to kee? the object 
b viev 5 rare fraws, Sut thr conproaise is that the subject becomes sul ler  and mre difficult to digitize 
accurate:)' 

Third, i f  t:? c:;;t>zinq errars are not removed, the inaccuracies are a3qnifi.d i n  each s&serw.t 
d~riva:ive. .U??.c ;qn ciriv4t:ve; ian ke obtain& by usl:lq firite difference ;rocdl~res, eden when there are 
? =mi! w&i or firm: with Llc ball In view, this tecrmips tsnds to s n ~ l i i f  ?rror if the datz have no: ken 
filrere? :Pez:a;i, et 1 , . ,  1377)  
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Because it is iaperative for "& digitized d i s p l a m l t  data of the ba!l tn be accurate so that derived 
velocity data are valid, a procedure MS been develcm for estimting +5?e center of a m d  object from 
cine/video records. Suggestions for sixq LVs pr&xe to esstablish reliability ad validity in trackicing 
a round object are ircluded also. 

Triangulation Xetbod 

Using principles of analytic gec3e+q (Hurdcck, 1966) tbe location of t ! ~  ball center c a  h wplputed fro# 
three sets of m d n a t e s  on *& periphery of the hll. As seen in Fig. 1, tbe center of tbe ball (X,Y) i s  a t  
the junction oi the prpendicata~ bisectors of the l g s  of the triangle fo& by the peripheral points. The 
mly restriction in term of the choice of location of the peripheral mordinates is that for any given f m e  
the x coordinates skit be nonidentical and the y cwrdinates must be nonidentical. Given the resolution of 
digitizing system, it is rare for ridonly chosen points to  have coordinates in comn.  The practical solution 
is to  perfora a check for identity during the computatio~l routine and, if tuo values are found to be 
identical, add one unit of resolution to  one of tbe values. 

Figure 1: Trianqulation rethcd for locating the center of a round object. The peripheral coordinates (h, A y ) ,  
(Bx, By), and (Cx, Cy) are used to deteraine the center ( X , Y ) .  

One procPdure of triangulation for finding the center of a round object i s  to: 
a/ use the coordinates (U,Ay) and (Bx,By) to find tbe lidpoint of line @, ( b )  use the same cwrdinates to 
calculate the slope of the line&, [c) determine the slope of line a'& by takinq the negative reciprocal of the 
slope of line AB, (d) calculate tbe equation of line from i t s  slope and midpoint, (e)  repeat the process in 
steps (a) to (d) using cocrdinates (U,Ay) and (Cr,Cy) to obtain the equation for line GI, ( f )  compute the 
coordinates (X,Y) of tbe point of intersection of lines a' and E'. .. 

By defining camnly used expressions and sinplifying &re possible, the following set of equations can be 
used to  perfon the tr iaqulation procedure described above: 

ABX = 0.5 x (AX + BX) 

ABY = 0.5 x (AY + BY) 

ACY = 0.5 x (AY + '3) 
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UP = bBX t (BY - AY) 

ACP = ACX t (CY - AY) 

MR = ABY - [ABX X (MY - m) / (ABX - UP)] 

ACR = W - [Am x ((M - ACQ) / (ACI - ACP)] 

X = - [(KP - ACX) x (AM - m) x (MP - M) ]  / ([(m - 
m) X (W - MY)] - [(UP - M) X (IICQ - ACY)]] 

Y =  ([(ABQ - MY) / M P  -MX)] x X )  t ABR 

Reliability 

I t  is recommended that reliability detemi~tions be lade for each cine/video analysis. If the data are 
reduced i n  mre than one session or mre than one person perfom the digitizing, tbe stability paradiqm with 
one- or two-vay analysis of variance statistics is appropriate. Bovever, if the research design involves testing 
a methodology (e.g., triangulation) and /or if all tbe data are reduced in one session, the internal consistency 
p r a d i p  shoald be used. 

To estirmte the reliability of tracking tje center cf a round object with an internal consistency paradigm, 
coqute the intraciass csrrelation coefficient ( R )  (Bdqartner L Jackson, 1982) for both the x and 
y coordinates of the f i rs t  and second diqitizmg trials. Also, the average amunt of Peasurement error in 
lmtinq the center of the object should be estimated by calculating the standard error of measurewnt 
(aduqartner L Jackson). 

Considerirrq that rardon errors in digitiziq tbe peripheral pints  are averaged out to some extent i n  the 
triangulation process, using three pints  instead of one sbuld be beneficial to reliability (Barrow 6 W e ,  
1362). Because the internal consistency paradigm does not i ~ l ~ d e  error due to day-to-day changes i n  the 
performance of the instrumentation or the person who digitizes, i t  is possible that the reliability coefficient 
vill be !ver if a stability paradiqm i s  employed. 

Validity 

The validity of the triangulation l~ethod for estimtinq the center of a round object in cinelvideo analysis 
can be verified in too ways. Content validity can be assesed by usinq the LLauqhlin, Di l lm,  and Lardner 

& 
(1977) prxedure of calculating the absolute difference between lenqths which are known and measured from fila. 
For example, the horn mdius of W round ob&t can be compared to the radius computed by the difference 
between the peripheral points and the estimated center of tbe object. Keasurenent error is considered to be the 
standard deviation of the absolute differences i n  lerqtb. 

Concurrent validity for a projffted ball can be estimcA by coaparinq the position array of the ball i n  
flight :3 a criterion array. For large balls vhich are not wing  rapidly, the development of the criterion 
uray my be based on tke assjumption that the ball i s  cot altered by fk id  forces (Brancazio, 1984) and the 
suqqestion Lbt the ccon!irutes of an object in flight can b d e l l e d  accurately by a second-oder polynominal 
(ui:',.~:? C Cossard, 1971). Thcs, the x and y cwidinates of C;e criterion array can be generated through 
rcgression procedures. Then, validity can be com?uted vith a Pearson praduct-mmt carrelatian. 
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