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FOREWORD 

The work reported herein was perforITled in the Vehicle 

Res ea rch DepartITlent of Cornell Aeronautical Laboratory, Inc. under 

Contract No. CC-1S2 for the Schwinn Bicycle COITlpany. The period of 

perforITlance was froITl 5 August 1971 to 29 February 1972. The cOITlputer 

gra phics d ispla y pro graITl was developed by the CAL COITlputer Center. 
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1.0 INTRODUCTION AND SUMMARY 

In February 1971, Co rnell Aeronautical Labo ra tory, Inc. began 

a research program, sponsored by Schwinn Bicycle Company. The overall 

objective of this program was the development of a comprehensive digital 

computer simulation of a bicycle and rider for studying the effects of certain 

design parameters on bicycle stability and control. Phase I of this program, 

cornpleted in June 1971, included the development, validation and exercise 

of a computer simulation of a free control bicycle. The development of this 

computer program was supported by the measurement of the physical 

properties of a bicycle, including the side force characteristics of bicycle 

tires, and full scale experimental validation tests. 

Phase II of this program began in A ugus t 1971. The work per

formed in Phase II included: (l) the development of a closed-loop path-following 

rider control model and its inclusion in the existing bicycle simulation program, 

(2) the testing of nine different bicycle tires on the bicycle tire tester which was 

designed and constructed in Phase I, (3) the performance of full scale exper

irnental tests to determine the effects of certain ~esign variables on bicycle 

maneuverability and stability, and (4) the development of a computer graphics 

d ispla y program. 

The rider control model consists of two related modes of operation: 

a roll stabilization function and a guidance function. Both of these control 

functions have been developed for rider steer control. The roll stabilization 

function has been incorporated in the bicycle simulation and is operational. 
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An empirical tire side force function has been developed by 

statistical analysis of the experimental data from nine different bicycle 

tires. This empirical equation which expresses tire side force as a 

nonlinear function of vertical force, :slip angle and inclination angle is used 

to represent the tire in the bicycle simulation. 

Full scale experimental tests were performed with an instrumented 

bicycle to determine the effects on stability and maneuverability of the location 

of luggage load, low tire inflation pressure, and increased front wheel spin 

moment of inertia. 

A computer graphics display program was developed for 

generating anirnated movies of a bicycle and rider performing simulated 

maneuvers. This program when used with the bicycle simulation can 

produce movies which show the realistic motions of a bicycle and rider 

including coordinated rider and bicycle steering, pedaling and leaning as 

well as bicycle chassis translation and rotation. 
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2. 0 RIDER CONTROL MODEL 

Phase I included a simulation parameter study of the free

control dynamics of the bicycle. The purpose of this study was to compare 

the free-control responses of several riderless bicycle configurations to a 

steering torque disturbance input. The results showed the effects of speed 

and various design parameter changes on free-control stability. However, 

it was difficult to conclude from these limited results what effect these 

changes would have on the stability of a bicycle operated under rider control. 

A fundamental objective of this research program is the 

development of computer simulation of the bicycle which can be us ed as a 

design tool. The computer would be us ed to simulate c erta in maneuvers 

in which the resultant motions of the bicycle could be used to determine the 

effect of specific design parameter changes in the stability and maneuver

ability of a proposed bicycle. 

This approach is similar to the study of automobi.le dynamics 

using computer simulation. The general procedure for using the automobile 

simulation program is to specify a sequence of driver control inputs, simulate 

the maneuver, and record the motion respons e of the vehicle. The simulated 

maneuver is repeated and the respons es are compared for several parameter 

variations of the vehicle but always using the identical driver control inputs. 

In this manner the dynamics of the automobile may be studied independently 

of the characteristics of the driver. 

This method of using the computer simulation is unsatisfactory 

for the study of bicycle dynamics. Unlike the automobile, which has inherent 

roll stability, the bicycle must constantly be balanced by the steering and 

leaning motions of the rider. Furthermore, complex rider steering and 
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leaning control are required to accomplish the coordinated rolling and yawing 

motions of a turning maneuver. The function of the rider in controlling the 

bicycle is essential to the study of bicycle dynamics. Thus, the investigation 

of bicycle dynamics requires the incl.usion of a closed-loop control model 

of the rider. 

The rider has two basic means of controlling the bicycle - the 

steer angle of the front wheel and the lean angle of his upper body relative 

to the frame of the bicycle. By adjusting and changing the steer and lean 

angles, the rider stabilizes the bicycle and initiates turns. The rider's 

task of stabilizing the bicycle requi.res continuous monitoring of the bicycle 

roll angle and correcting of steer and lean angles. In straight line running 

and steady state turning, the steering is the primary mode of control. In 

fact, movies of Phas e I experimental tests showed that in "hands -on" steady 

state cornering the rider did not lean but stayed in plane with the bike. In 

"hands -off" cornering, however, there was considerable leaning motion. 

The initiation of turns may be accomplished without leaning motion by 

steering the "wrong" way first to roll the bicycle into the turn. However, 

smooth turns can be initiated by leaning in the direction of the turn (without 

counter-steering first) to roll the bicycle. Full scale tests have shown that 

both counter-steering and leaning up to angles of approximately twenty degrees 

were used to perform rapid obstacle avoidance maneuvers. 

The use of the simulation for evaluating the stability and maneuverability 

of various bicycle designs requires Itwo basic functions in the rider control 

model: (1) roll stabilization - the model must be capable of stabilizing the 

bicycle in steady cornering as well as straight-line running: (2) guidance -

the model must be capable of following a presc ribed path by initiating turns 

and correcting for deviati.ons. 
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2. 1 Roll Stabilization Function of Rider Control Model 

The roll stabilization task of the bicycle rider is similar to 

the manual control task of aircraft pilots. The control system analysis of 

human operator dynamics has been thoroughly developed and applied to 

many continuous control tasks. This res earch has produc ed mathematical 

models of the human operators using transfer functions bas ed on experimental 

data from simulated tracking tasks. 

Mathematical modeling of the guidance task of the rider requires 

special consideration. Since the path following maneuvers to be simulated 

may have discontinuous inputs (such as avoidance maneuvers), the model 

must have the capability of viewing the intended path in front of the bicycle. 

CAL has developed a mathematical model of an automobile driver which has 

the capability of previewing the intended path, predicting the future path 

of the vehicle, and determining control inputs based on the error between 

the predicted and intended path. This model is the basis of the guidance 

function of the bicycle rider model. 

A number of res earchers have made mathematical analys eS 

of the free-control stability of two wheel vehicles (see bibliography of 

Reference 1). However, only Stassen and van Luteren, References 2-5, of 

the Delft University of Technology have undertaken research programs aimed 

specifically at developing a mathematical model of the stabilizing and 

controlling function of the bicycle rider. Using a simulator designed to 

have the same roll dynamics as an actual bicycle, they attempted to determine 

the human operator transfer functions for the steer and lean control motions. 

The human operator outputs were steer and lean angles and hi.s i.nputs were 

the bicycle roll angle and roll angle derivatives, Figure 2. 1. 
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The rider's transfer function was assumed to take the form 

( ) 
-?;s 

:::: 0<:.";' ~./8+- Cle. -s e 
t! tz l~ 

where S is the Laplace operator. The parameters oct! ' Q/z ' and 

eLl:'; represent proportional, integral, and derivative coefficients, respectively, 

and G t , the delay time. This human operator transfer function is a 

simplification of the more general form 

Yp (S) = 

- ?:s 
~p e ( 7L s -I- 1) 

(T:r S +- I) (T/V S + I) 

where I<p is the gain, r is the reaction time delay, ~ and -r; 
represent the lead-lag equalization characteristic, and ~ 

muscular lag, Reference 6. 

is the neuro-

Using the bicycle simulator and on-line digital computer for 

real-time data correlation, the values of the above parameters were deter-

mined for several subjects performing a stabilization task. The results 

showed that the dynamics of the bicycle rider could be described by a model 

consisting of proportional plus derivative control and a time delay. 

The CAL bicycle rider model has human operator characteristics 

which have been developed in the theory of manual control. However, there 

are several specific differences between the CAL rider model and the Delft 

Univers ity model and other clas sical human operator models. The human 

operator outputs of the CAL model are steering torque and rider lean torque 

whereas, in the Delft University rider model, the outputs are steer angle 

and lean angle. The CAL rider model includes the reaction time delay and 

lag compensation. Moreover, the rider inputs are bicycle roll angle, roll 
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velocity, and roll acceleration, and these inputs are sensed directly by 

visual, kinesthetic, and vestibular sensors. There is a fundamental 

difference between this representation of the rider and the classical model 

which assumes that the rider input is the position state of the system output 

only and that the rider processes this signal to obtain derivative information 

about the system output. 

The CAL rider model, Figure 2. 2, assumes that the command 

input to the stabilization model from the rider guidance model is a desired 

roll angle {since this is directly related to lateral acceleration}. The roll 

acceleration { ¢ }, the roll velocity { ¢ }, and the difference between the 

command roll angle { ¢c} and the actual roll angle { ¢ } have individual 

coefficients ( Cd'- and C¢ _) relating them to rider steering torque { -'Vcr} and 
t l 

to rider lean torque {N¢d }. The reaction time delay and the lag compensation 

time constant for the steer output {z:r ' Ttf } differ from the delay and lag 

time constant for lean output {?¢ , T¢}. Values for all of these parameters 

are adjustable. 

The rider roll stabilization model was programmed for the 

bicycle computer simulation as shown in Figure 2.3. The rider model was 

initially exercised in a straight line stability test with only the steer control 

functioning. The rider was restricted to a zero lean angle. The simulated 

maneuver was one of stabilizing the bicycle after a side force disturbance. 

The forward velocity was 10 mph and the side force disturbance was a pulse 

of 10 pounds for 0.5 seconds. Several simulated maneuvers were made with 

variations of the rider model coefficients until satisfactory vertical stabilization 

was obtained. Figure 2.4 shows the resultant bicycle motion with free 

steering and with rider steering control. With free steering the bicycle 

immediately fell over; whereas, with rider steering control, the roll motion 

was damped and the bicycle was returned to a stable vertical running position. 
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The second test for the rider model was a maneuver in which 

the bicycle was quickly steered from an initial straight line path to steady 

state circular path. The bicycle roll angle was 20 degrees for the steady 

state turn. This maneuver proved to be a rigorous test of the rider model. 

Several runs were required, varying the rider model coefficients, before 

satisfactory stabilization was obtained. However, with repeated coefficient 

variations, excellent performance was achieved. Figure 2.5 shows time 

histories of the steer angle and rider roll angle for the "best" values of rider 

coefficients. In this maneuver the bicycle had very quick response (reaching 

the 20 degree roll angle only 0.6 seconds after the command roll angle reached 

steady state), good roll damping (very little overshoot), and a steady state 

roll angle error of only about one degree. 

By running many simulation runs with variations in the rider 

coefficients, it was possible to obtain some understanding of the significance 

of the different coefficients. It was found that the magnitude of Ctf'3 to Cd'! 

affected the high frequency (approximately O. 8 Hz) damping of the rider 

control system. Figures 2.6 shows the effect of increasing CJ'3 from zero 
2 

to 5 in. -lb. -sec. /rad. on reducing the oscillatory steer and roll motions. 

Furthermore, the low frequency damping (less than 0.3 Hz) was influenced 

by the relative magnitudes of C
o2 

and Co! • By inc reas ing the ratio of 

C
d
'2 to Cd'! from 0.6, Figure 2.7a, to 1. 0, Figure 2. 7b, a considerable 

inc reas e in low frequency system damping was obtained. Figure 2. 8 shows 

the effect of a proportional change in all three coefficients. Although the 

response of the system for both sets of coefficients is well behaved, the 

steady state error in roll angle was i.ncreas ed by a factor of four by reducing 

CJ ! Coz ' and C
J

..3 to one half. This change in coefficients repre-

sents an effective reduction in loop gain of fifty percent. 
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The third rnaneuver which was attempted with the rider control 

model was a simulated slalom run. Although the principal purpose of this 

maneuver was to produce interesting output for a computer graphics movie 

(and not to verify the model), the simulated maneuver shows a striking 

res emblanc e to the bicycle motion in the full scale experimental tests. 

Since the path following function of the rider control model was not operational, 

the following scheme was used to produce a slalom maneuver. The results 

of the experimental tests showed that the maximum speed at which the wide 

slalom course (two foot lateral separation between pylons) could be run was 

approximately nine miles per hour and the maximum roll angle at this speed 

was about 20 degrees. The initial speed of the simulated maneuver was set 

to 10 mph and the command roll angle ( ¢c ) was set to 20 degrees. The 

oscillatory motion was obtained by changing the sign of the command roll 

angle to oppose the sign of the steer angle. The resultant oscillatory steer 

and roll motions, Figure 2.9, are similar to the data records of experimental 

runs in which the rider felt that he "had the timing down. " 

It was found that the simulated distance traveled between roll 

angle reversals (10.2 feet), computed from the oscillation period (1. 39 seconds) 

and forward speed (14.67 ft. /sec.), is almost identical to the longitudinal 

distance between pylons in the experimental run (10.0 feet). Most impressive 

of all is the computer graphics movie of this simulated slalom maneuver in 

which the pylon spacing was identical to the full scale experimental tests. 

Computer animation shows the simulated bicycle and rider weaving through 

the slalom course, narrowly missing the pylons on either side, Figure 5.2. 

2. 2 Guidance Function of Rider Control Model 

The guidanc e function of the rider control model, Figure 2.2, 

is bas ed on a "preview-predictor" model of the automobile driver recently 
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developed by CAL, Reference 7. This model was formulated on the theory 

that the driver has the ability to predict the future cours e of his vehicle and 

compare it with the previewed desired path. Control commands are based 

on the error between the desired and predicted paths, Figure 2.10. 

In predicting the future path of the bicycle, the forward velocity 

( -u ) is assumed to remain equal to the current velocity. The lateral accel

eration is assumed equal to the acceleration due to gravity (;J ) times the 

tangent of the bicycle roll angle. The predicted future roll angle (¢p ) is 

determined by integration of the current roll velocity (f; ) into the future 

time ( tp ), with the current roll angle (f; ) as the initial condition. 

Therefore, the predicted lateral acceleration (a.:;p) varies with future time. 

The coordinates of the predicted path (Zpp , dPP) in the space 

fixed coordinate system are calculated by integration of the respective 

components of the velocity and of the predicted lateral acceleration using 

the current bicycle position ( A;" , Jf; ) as an initial condition. 
0 

I 

):'0 + t-p coS ~- ~ t Z .sin fI/ ;:l:-pp == U t2~p P 

;tJ,,? == y;" + ~ u sin p + ~z t 2 

~1' eo..J ?f! 
o p p 

7f is the current yaw angle of the bicycle with respect to the X/ axis 

of the space fixed coordinate system. 
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is defined by a series of 

circular arcs (or straight line segments) which connect points whose 

coordinates are specified as input. The circular arcs are mathematically 

defined to produce tangency at the junctions. 

The error ( ei ) between the predicted path and the desired 

path is measured at several intervals of time into the future. The measured 

errors are weighted to account for the reduction in lateral acceleration 

required to correct errors at further distances ahead of the vehicle ( LV£t' ) 

and to emphasize the importance of errors at particular locations along 

the desired path ( WIt"). From the cumulative weighted error (£: ) a correction 

to command roll angle ( L1¢c. ) is computed which acts to bring the predicted 

path clos er to the desired path. Therefore, by repetitive future path 

predictions, error computations, command roll angle corrections, and the 

resultant control exercis ed by the stabilization function of the rider model, 

the bicycle-rider model attempts to follow the desired path. 
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3. 0 BICYCLE TIRE TESTING 

Phase I of this program included the design and construction of 

an on-road bicycle tire tester. The tire tester was designed to be towed 

behind an automobile and to have the capability of measuring the lateral 

force characteristics of all bicycle tire sizes in current production. Tire 

side force is measured as a function of normal load, slip angle, and inclination 

angle which are variable within ranges of 35 to 150 pounds, -3 to +10 degrees, 

and -6 to +45 degrees, respectively. A complete description of the bicycle 

tire tester is given in Reference 1. 

3. 1 Tire Tester Calibration 

A thorough recalibration of the tire tester was performed when 

the test rig was installed on the tow car for the Phase II testing. Two types 

of data correction information were required: 

(1) correction of the strain gage bridge output for sensitivity 

changes which occur with changes in inclination angle and 

normal load 

(2) correction of the steer and inclination angles for compliance 

of the test structure under the tire side force and normal 

load. 

Laboratory calibration was performed by applying known side 

forces of zero to 70 pounds in 10 pound increments and reading the output 

of the strain gage bridge, the compliance steer angle, and the compliance 

inclination angle. This calibration was repeated for all combinations of 

0, 50, and 100 pound normal loads; 0, 20, and 40 degree inclination angles; 

and 0 and 6 degree steer angles. The resultant data were processed by a 
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statistical computer program to determine the correlation between gage 

bridge output and the side force, normal load, inclination angle, and steer 

angle. A functional relationship between these variables was initially 

hypothesized as -

where: J? is the strain gage bridge output 

F is the side force 

I is the inc 1 ination angle 

L is the normal load 

S is the steer angle 

The correlation coefficient of strain gage output with side 
'I 

0.::;... 
force along was found to be greater than 0.9996, showing the excellent 

linearity of the instrument. 

By including inclination angle to the first power and load to 

the second power, the correlation coefficient was improved to 0.9998. The 

other variables included in this stati.stical analysis proved to be insignificant. 

Thus, the analysis yielded the following functional relationship -

z 
R = .31. "liP F - (). 0 911 I + 0.00.3 7 J L 

Therefore, the actual side force can be determined from the strain gage 

bridge output and the inclination angle and normal load configuration of the 

test by the following equation. 
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The steer compliance was found to be -0. 0399 degrees of steer 

per pound of side force and the compliance inclination was found to be 

0.0236 degrees of inclination per pound of side force. These coefficients 

were found to be relatively independent of other variables. 

One additional correction was made to the data to account for 

a steer angle bias in the measured data and is due to the practical problems 

of aligning the tire in the test rig at exactly zero steer angle. This bias 

angle is computed from the corrected data by determining, by interpolation, 

the steer angle at which the side force is zero. Thus, the corrected steer 

and inclination angles may be computed from measured data by the following 

expres s ions. 

r == .f7?'/ - o. 023iP F 

where: S is the corrected steer angle 

8777 is the measured steer angle 

S6 is the steer angle bias 

.z- is the corrected inclination angle 

I?J7 is the measured inclination angle 

,c- is the side force 

3. 2 Statistical Analysis and Modeling of Tire Data 

Phase I included the measurement of side force characteristics 

of two bicycle tires, a 27 x 1-1/4 Breeze Sports Touring and a 27 x 1-1/4 

Puff High Pres sure Road Rac er (manufactured by National). The first of 

these is a conventional tire with a rated inflation pressure of 65 psi and 
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the second is a gum rubber side waH tire with a rated inflation pressure of 

75 psi. Although the test data were not statistically analyzed, plots of the 

reduced data showed fundamental differences in the side force characteristics 

of the two tires. 

In order to extend the knowledge of side force characteristics 

to a wider range of bicycle tire types, nine additional tires were tested in 

Phase II. The data from these tests were analyzed statistically to formulate 

a nonlinear empirical expression relLating side force to normal load, slip 

angle, and inclination angle. 

The tires tested in Phase II, Table 3.1, were representative 

of a wide range of production tires -- gum sidewall types, a square cross 

section slick, similar tires made by different manufacturers, a sew-up 

road racing tire, a experimental radial ply, as well as conventional tires. 

Rim diameters ranged from 24 to 27 inches and rated inflation pres sures 

ranged from 55 to 110 psi. 

The procedure for using the tire tester was well developed 

in Phase I and is explained in the Phase I technical report. The Phase II 

test matrix included three normal loads (37.2 , 70.3 ,104.5), eleven steer 

angles (-3, -2, -1,0, 1,2,3,4,6,8,10degrees), and five inclinationangles{O, 

10,20,30,40 degrees). Each tire was tested for the complete matrix of load, 

steer, and inclination configurations except for steer angles above which 

slippage first occurred. Approximately 160 individual measurements were 

made for each tire (including repeat measurements). Appendix 1 contains 

tabulated values of the measured and corrected data. 
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Table 3.1 

COEFFICIENTS OF NORMALIZED SIDE FORCE FUNCTION FOR VARIOUS TIRES 

CORR. STD. C1 C2 C3 C4 TIRE TYPE COEF. ERROR 

FASTBACK SLI K 0.982 0.080 -0.264 x 10-2 0.239 -0.225 x 10-2 0.018 x 10-2 
24 x 1-3/8 (60 psi) 

BREEZE SPORTS TOURING 0.991 0.056 -0.236 x 10-2 0.216 -0.205 x 10-2 0.205 x 10-2 
24 x 1/4 (60 psi) 

STRAIGHT SIDE SPORTS TOURING 0.981 0.079 -0.063 x 10-2 0.195 -0.173 x 10-2 0.247 x 10-2 
24 x 1-3/8 (60 psi) 

STRAIGHT SIDE SPORTS TOURING 0.989 0.066 -0.252 x 10-2 0.261 -0.233 x 10-2 0.212 x 10-2 
26 x 1-3/8 (60 psi) 

PUFF ROAD RACER-CARLISLE 0.984 0.072 -0.213 x 10-2 0.213 -0.233 x 10-2 0.212 x 10-2 
27 x 1-1/4 (75 psi) 

HP SPORTS TOURING 0.982 0.077 -0.235 x 10-2 0.233 -0.242 x 10-2 0.193 x 10-2 
27 x 1·1/4 (85 psi) 

BREEZE SPORTS TOURING 0.971 0.083 -0.119 x 10-2 0.223 -0.272 x 10-2 0.482 x 10-2 
27 x 1-1/4 (65 psi) 

PUFF ROAD RACER-NATIONAL 0.967 0.075 -0.210 x 10-2 0.249 -0.569 x 10-2 0.437 x 10-2 
27 x 1·1/4 (75 psi) 

CLEMENT #50 ROAD TIRE 0.989 0.060 -0.153 x 10-2 0.209 -0.191 x 10-2 0.172 x 10-2 
27 SEW-UP (110 psi) 

PUFF ROAD RACER RADIAL 0.967 0.096 -0.268 x 10-2 0.150 -0.135 x 10-2 0.764 x 10-2 
27 x 1-1/4 (75 psi) 

lETOUR 0.947 0.151 -0.350 x 10-2 0.263 -0.314 x 10-2 1.054 x 10-2 
27 x 1-1/4 (85 psi) 

NORMALIZED SIDE FORCE FUNCTION:F/l = (1 + C1l) (C2S + C3S3 + C41) 

Cl 

0.329 

0.287 

0.066 

0.310 

0.254 

0.286 

0.131 

0.250 

0.173 

0.336 

0.475 



In order to describe the tire side force characteristics more 

accurately for the bicycle simulation program, a statistical analysis was 

made of the corrected data for all tires to determine an empirical polynominal 

function. The following expression was initially hypothesized -

F/L = (f -I- e,L) (CzS + C.,3 ,sz+ C" S3 + Cs ..9I -I- Ct, S2 I + C7 SI 2 

where: 

-I- C
8 

I -I- C
r 

I2 -I- C
IO 

7 3) 

F is the side force 

L is the normal load 

S is the slip angle 

I is the inclination angle 

C
77 

are the constants which repres ent the particular tire 

A statistical data analysis computer program was used to 

determine the constants of the above expression which gave the best correlation 

with the corrected tire data. Since thi.s statistical analysis program gave 

correlation coefficients and standard errors of each term of the expres sion 

with the corrected data, it was possibl.e to eliminate the terms which had 

low correlation with side force and those in which there was little confidence 

in the numerical results. The following resultant empirical function was 

obtained by the above method. 

The correlation coefficients of the above expression with the actual corrected 

data range from 0.947 to 0.991. Standard errors range from 0.056 to O. 15l. 

Table 3.1 gives the pOlynominal coefficients, correlation coefficients, and 

standard errors for each tire. 
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In general, tires become less effective as the vertical force 

on them increases. The side force does not increase in proportion to an 

increase in vertical load {i. e., the normalized side force (F/L ) decreases 

with increasing vertical load, all other variables remaining constant). 

Bicycle tires are no exception as shown by the bicycle tire data. Thus, the 

empirical side forc e function contains the term ( 1 + C, L ) term to account 

for this effect. Note that C7 is always negative. 

Figure 3. 1 shows the normalized side force function for the 

24 inch Fastback Slik plotted for three vertical loads. Since all plots for a 

particular tire have the same characteristic shape, it is redundant to plot 

the function for more than one load. However, the change in normalized 

side force with vertical load varies from tire to tire. Thus, it is important 

to know the magnitude of this load effect as well as the characteristic shape 

of the function. 

A load sensitivity coefficient ( CL ) has been defined as the 

perc entage change in norITlalized side force per pound inc reas e in vertical 

load. The load sensitivity coefficient can be derived from the normalized 

side force function. 

c = 
l.. 

~(F/L)/oCL 
x 100% Fh 

( 1 + S L ) ( c z S + C
3 

$3+ C"I I) 

c = z. 
c, 

x /00 % 
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Since this coefficient varies with vertical load, a standard 

load was established for computing CL and for plotting the normalized 

side force function. Seventy-five pounds was chosen for the standard load 

since this load is representative of the mean front and rear load for a 

30-pound bicycle with a 120 pound rider. Load sensitivity coefficients for 

all the tires tested are given in Table 3. 1. 

Figures 3.2 through 3.12 are plots of the normalized side 

force functions of the different tires at the standard vertical load of 75 pounds. 
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Figure 3.7 NORMALIZED SIDE FORCE FUNCTION, 27 - 1-1/4 HP SPORTS TOURING 
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4.0 EXPERIMENTAL TESTING OF BICYCLE 

Actual cycling experience during the experimental bicycle tests 

of Phase I and the preliminary simulation parameter study indicated 

significant effects of certain bicycle parameters on its stability and handling. 

Among these parameters are the spin moment of inertia of the front wheel, 

the addition of a luggage load at different locations on the bicycle and the 

under-inflation of the front or rear tire. A full scale experimental program 

was conducted in Phase II to study the effects of these parameters. An 

important aspect of this testing was the accumulation of experimental data 

to be used for the formulation and validation of the rider control model. 

These data included time histories of roll angle, steer angle, lateral 

acceleration and velocity for all maneuvers. 

The test bicycle was instrumented with a potentiometer for 

measuring front wheel steer angle, a gyroscope for measuring bicycle roll 

angle, and accelerometer for measuring lateral acceleration, and a 

tach- generator for measuring forward velocity. Thes e data were recorded 

on two 2-channel strip chart recorders which were carried with the power 

supplies in a chase car. Instrumentation power and data signals were 

transmitted to and from the bicycle through a light weight cable loosely 

hung from a boom extending from the chase car. Reference 1 contains a 

detailed discussion of the test bicycle instrumentation. 16 mm. movie 

coverage was made of all experimental tests. The camera was remotely 

controlled by strip switches laid on the pavement at the beginning and end 

of th e t est co u r s e . 
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4.1 Maneuvers 

Four basic maneuvers were performed in the experimental 

testing. These maneuvers were selected to emphasize low speed stability 

and normal speed stability and maneuverability. 

Low Speed Stability - The purpose of this test was to measure the 

low speed stability of the various bicycle configurations. A one foot wide lane 

was set up with small pylons separated approximately three feet along both 

sides of the 100 foot long lane. The measure of stabi.lity was the minimum 

speed at which the bicycle could be stably riden through the entire lane 

w i.thout hitting any pylons. 

Obstacle Avoidance - The purpose of this test was to measure the 

maneuverability of the nine bicycle configurations. The same one foot wide 

lane which was used in the low speed stability test was used in this test. A 

two foot wide - three foot high obstacle (plastic garbage can) was placed on 

the centerline of the lane four feet beyond the last pair of pylons. The 

rider's task was to ride through the lane at constant speed and then turn 

sharply (either right or left) to avoid the obstacle. The performance measure 

is the ITlaximum speed at which the maneuver can be performed without hitting 

ei.ther the pylons or the obstacle. 

Narrow SlaloITl Course - The purpose of this ITlaneuver is to 

nleasure the controllability of the different bicycle configurations at normal 

riding speeds. An eleven pylon slalorn course was set up with all pylons in a 

straight line and ten feet apart. The bicycle was riden through the slalom 

course at increasing speeds until the n~aximum speed for that particular 

configuration was determined. Approximately five runs were made with each 

bi.cycle configurati.on. 
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Wide Slalom Course - This maneuver is the same as the narrow 

slalom course with the exception that there is a two foot lateral separation 

betw een s ucc es s ive pylons. The measure of performance is the speed at 

which the slalom course can be run without hitting any pylons. 

4.2 Bicycle Configurations 

Each of the four test maneuvers was performed with nine 

different bicycle configura hons. Five of thes e bic ycle configurations were 

designed to study the effects of luggage load location on bicycle stability and 

handling. Two configurations were to determine the effects of low front and 

rear tire pressures. One configuration was designed to study the effect on 

stability of increasing the spin moment of inertia of the front wheel. The 

other bic ycle configura tion wa s the s tanda rd bic ycle. 

A. S tandard Bic ycle - A spec ial single - speed Schwinn suburban 

bic ycle with coa s ter brakes. This s tanda rd configura tion included ins tru

mentation, front luggage rack, rear luggage rack and left and right rear 

wire baskets, Figure 4.1. The tires were Puff Road Racers inflated to 

the rated pressure of 75 psi. The weight of the bicycle, instrumentation, 

luggage carriers, and wire baskets was approximately 51 pounds. 
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Figure 4.1 STANDARD BICYCLE WITH 12% POUND LOAD ON BOTH 
FRONT AND REAR CARRIERS 

B. High Wheel Spin Inertia - Standard bicycle with the front wheel 

spin moment of inertia increased froIn 1. 76 Ib-in-sec 2 to 3.00 Ib-in-sec 2 • 

The moment of inertia was increased by taping 3.24 pounds of wire solder 

to the inside of the wheel rim at a distance of 12.13 inches from the spin 

axis, Figure 4.2. 
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Figure 4.2 HIGH SPIN MOMENT OF INERTIA WHEEL 
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C. Low Fr-.9nt Ti:.re Pressure - Standard bicycle with the front tire 

pressure reduced from 75 psi to 20 psi. At this pressure the tire was 

conspicuously under-inflated. 

D. Low_B_ear TJ-.::~Pre~ure - Standard bic ycle with the rear tire 

pressure reduced from 75 psi to 35 psi. At 35 psi the more highly loaded 

rear tire had the same amount of flattening as the front at 20 psi. 

E. Load on Rea r Carr ier - Standard bic ycle with a 25 pound load 

rigidly mounted on the rear luggage carrier. The load was a hollow wooden 

block filled with lead shot. The block was approximately 4 inches wide, 

6 inches high and 12 inches long. The c. g. of the load for this configuration 

was in the plane of the bicycle approxim.ately 19 inches above and 1 inch 

behind the rear wheel center. 

Figure 4.3 25 POUND LOAD IN REAR BASKETS 
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F. Load in Rear Baskets - Standard bicycle with a 25 pound load 

evenly distributed and rigidly contained in left and right rear wire baskets. 

Each basket contained a 12.5 pound wooden block approxiITlately 4 inches wide, 

12 inches high and 10 inches wide. The c. g. of each block was approxiITlately 

5 inches froITl the plane of the bicycle, 6 inches above and 1 inch in front of 

the rear wheel center, Figure 4.3. 

G. Load on Front Carrier - Standard bicycle with a 25 pound load 

rigidly ITlounted on the front luggage carrier. The load block was the saITle 

one used on the rear carrier. The c. g. of the load was in the plane of the 

front wheel, and approxiITlately 7 inches in front of the steer axis and 19 inches 

above the front wheel center. 

H. Load on Front and Rear Carriers - Standard bicycle with a 25 

pound load evenly distributed and rigidly ITlounted on the front and rear 

luggage carriers. Each carrier held a lead filled wooden block weighing 

12.5 pounds. The blocks were approxiITlately 4 inches wide, 4 inches high 

and 12 inches long. The c. g. of the front block was approxiITlately 7 inches 

in front of the steer axis and 18 inches above the front wheel center. The 

c. g. of the rear block was approxiITlately 18 inches above and 1 inch behind 

the rear wheel center, Figure 4. 1. 

1. Load in Rider's Backpack - Standard bicycle with a 25 pound 

load carried in a sITlall pack on the rider's back. 

4.3 Test Results 

ApproxiITlately two hundred runs were perforITled with the 

instrUrrlented bicycle, plus rrlany practice runs without recording data. 

For each ITlaneuver and bicycle configuration several sequential runs were 
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rnade with increasing level of difficulty (increasing or decreasing speed). 

When the test rider was satisfied that he could not successfully perform 

the maneuver at a higher level of difficulty the next bicycle configuration 

and/or maneuver was tested. 

Appendix II contains data records for the different bicycle 

configurations and maneuvers. These records were selected on the basis 

of being most representative of the runs for the respective configuration 

and maneuver. Furthermore, all data records in Appendix II represent 

successful maneuvers, i. e., no pylons were run over, nor was the obstacle 

hit in the obstacle avoidance maneuver. 

Low Speed Stability - With all bicycle configurations the rider 

was able to stay within the one foot wide lane at near walking speeds of 

3 to 4 mph. However, the difficulty in maintaining stability varied considerably 

,imong bicycle configurations. Figures II. 27 through II. 35 of Appendix II show 

data records for the low speed stability maneuver. These records were 

selected with the speeds in the 3 to 4 mph range SO that steering activity 

can be used as a relative measure of the difficulty in stabilizing the various 

-'Jicycle configurations. Note that the signal filtering on the lateral acceler

ation data is different runs, therefore caution should be used in comparing 

these data. 

The data show that the bicycle was most stable with the high spin 

moment of inertia front wheel. This conclusion was also supported 

experimentally by observed improvem.ents in stability when riding hands -of£, 

The most difficult configuration to ride stably at low speed was with the 

lwcnty-five pound load in the back pack. It was found that with the load on 

tlis back the rider's ability to control the bicycle by leaning was greatly 

hindered. Figure II. 33 shows that the rider had considerable difficulty in 
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controlling the bicycle with the twenty-five pound load on the front carrier. 

This load mounted over the front wheel in front of the steer axis greatly 

increased the moment of inertia about the steer axis making rapid steer 

corrections very difficult. The data show that the most stable loaded bicycle 

configuration was with the load on the rear. However, there is little difference 

in steering activity between runs in which the load was on the rear carrier 

and in the rear baskets. Lowering the inflation pressure in the front or rear 

tires had little effect on the low speed stability of the bicycle. 

Obstacle Avoidance - Figures II. 18 through II. 26 of Appendix II 

show data records of the obstacle avoidance maneuver. These records were 

selected with speeds in the 11 to 13 mph range and all the records shown 

were successful runs. In this maneuver there was little difference in the 

controllability among the standard, the high spin moment of inertia front 

wheel, and the reduced front and rear tire pressure bicycle configurations. 

How ever, the add ition of the tw enty-five pound load affec ted the maneuverability 

to varying degrees depending upon the location of the load. Undoubtedly, the 

worst configurations for the load were again in the backpack and on the front 

carrier. Figures II. 24 and II. 26 show that for these two configurations the 

rider's steering input was very irregular. Furthermore, the third hump 

in the lateral acceleration curves for these runs show that additional corrective 

action was required to stabilize the bicycle after the obstacle was avoided. 

The loaded bicycle configuration in which the maneuver was performed most 

easily was with the load in the rear baskets. The lateral acceleration curve 

for this configuration, Figure II. 23 is very smooth compared with the other 

load configurations. 

Narrow and Wide Slalom Courses - Figures II. 1 through II. 17 

of Appendix II show data records for the narrow and wide slalom courses. 

These records represent the highest speed at which each maneuver was 
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successfully run. Figure 4.4 shows the speeds for all atteITlpted (successes 

and failures) slaloITl ITlaneuve rs for the nine bicycle configurations. Thes e 

ITlaneuvers showed good discriITlination between bicycle configurations based 

on the ITlaxiITluITl successful speed. It is interesting that the rank order of 

the ITlaxiITluITl successful speeds is the saITle for the narrow and the wide 

CO'~lrses. The average ITlaxiITluITl successful speed for the wide course is 

about 4 ITlph slower than for the narrow course. Figure 4.4 shows that in 

both ITlaneuvers the perforITlance of the bicycle was degraded by any changes 

froITl the standard bicycle configurations. 

As in the previous ITlaneuvers the two worst bicycle configurations 

are those with the load on the front carrier and in the rider's backpack. The 

cO'lfiguration with the load on the front carrier is conspicuously slower than 

a ny other configuration for both slalom. cours es. The high spin ITlOITlent of 

inertia front wheel had little effect on the ITlaneuverability of the bicycle ltl 

the slalom course. The best speeds for this configuration were alITlost 

equal to the best speed with the standard bicycle. 

The ITlaxiITluITl successful speeds with the reduced front or rear 

tire pressure configurations were lower than the standard bicycle; however, 

they were generally a little faster than the average ITlaxiITluITl successful 

speed of the loaded configurations. Although the perforITlance of the bicycle 

was degraded by the reduction in tire pressure (at one end or the other) the 

bicycle was certainly controllable. In fact, it was ITlore stable than would 

be expected for such an extreITle front to rear bias in inflation pressure. 

The ITlost ITlaneuverable loaded bicycle configuration was with 

the load in the rear baskets. The slalorn runs showed a definite perforITlance 
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improveITlent in ITloving the load froITl the rear carrier down to the rear side 

baskets. This indicates the best luggage carrier design ITlight be side 

baskets nl.ounted on the rear as near to the ground as practical. 
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irnprovernent in moving the load from. the rear carrier down to the rear side 

baskets. This indicates the best luggage carrier design might be side 

baskets mounted on the rear as near to the ground as practical. 
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5. 0 COMPUTER GRAPHICS ANIMATION OF THE BICYCLE 
SIMULATION 

For years, printed output was the only means of communcation 

between the computer and man. This limitation dictated that only the 

technically skilled could interpret the reams of computer printout with its 

lists of numbers and specialized codes. However, computer designers 

learned that the computer, which normally generated control signals to 

command a printer to print a letter, could also be designed to generate 

control signals to move the beam of a cathode ray tube. Obviously, a 

sequence of beam movements controlled by the computer can trace a picture. 

This new capability of drawing a picture opened up a new area of computer 

application, generally referred to as computer graphics. Computer graphics 

is, in the strictest sense, a pictorial representation of computer data. 

Cornell Aeronautical Laboratory has been very active in the 

field of computer graphic s. This activity ranges from everyday us e of 

plotting facilities by most programmers to highly complex computer-generated 

radar displays. One of the more fasc inating computer graphics applications 

has been the Transportation Research Department's Single Vehicle Accident 

Display Program, developed by Calvin Theiss. Developed for the U. S. 

Department of Commerce, Bureau of Public Roads, Contract No. CPR-ll-

3988, this program converts automobile dynamics simulation data into a 

pictorial repres entation of the event. A unique feature of this program is 

that sequences of the computer-generated pictures can be combined to make 

an animated motion picture film of the event. Computer specialists would 

refer to this program as a specialized three dimensional perspective graphics 

package with both single frame and movie outputs. The Single Vehicle 

Accident Display Program provided the basis of the Schwinn Bicycle Graphics 

Program. 
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5. 1 Features of the COITlputer Graphics PrograITl 

The Schwinn Bicycle Graphics PrograITl provides its us ers 

with a cOITlplete and flexible perspective graphics package to docuITle nt 

pictorially the results of a bicycle simulation. The salient features of the 

Schwinn Bicycle Graphics PrograITl are: 

A) The prograITl can plot a perspective picture of a bicycle and 

rider, positioned and oriented as per the siITlulation data. 

B) The line drawing representation of the bicycle and rider can be 

easily changed to fit siITlulation or esthetic requireITlents. 

C) The prograITl can produce single pictures (for the Houston or 

CalcoITlp plotters) or animated movies (Flying Spot Scanner 

and 16 mm movie camera). 

D) Background objects, such as roadways, houses, obstacles, 

etc. can be stored and plotted in the scene. 

E) For aniITlated films, the "frame rate" can be adjusted for 

"slow motion" or normally timed action. 

F) The program is written to simulate a 16 mm camera, so that 

visualization of a scene is accomplished by specifying a set 

of standard camera pararneters. 

G) The scene may be viewed from any point in space, at any angle, 

and at any focal length. 

H) The program's "camera" can be set to automatically pan, 

zoom, remain fixed, or operate as on a ITlovable base. 

I) The program has a "double exposure" capability. 
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J) Si:mple, straight-line :maneuvers which act as a lead-in to 

the si:mulated maneuver can be done without simulation data. 

K) Titles and sub-titles can be placed anywhere in the picture 

sequence. 

L) Any of the above characteristic s can be changed during a run. 

5. 2 Bicycle Motions Simulated 

The Schwinn Bicycle Si:mulation generates a "dynamics tape" 

which contains most of the information needed to run the graphics program. 

At each si:mulation time increment (I / IOOOth of a second, for instance) the 

bicycle c. g. position (X, Y, Z coordinates), orientation (yaw, roll, and 

pitch angles), steer angle, and rider lean angle is stored on the tape. All 

other pertinent information, such as front fork angle, rider "hunch forward" 

angle, etc. are input once to the program as data cards, along with the 

stored three di:mensional line drawings of the bicycle and rider. 

The bicycle graphics program searches the tape and finds the 

si:mulation tim.e corresponding to the desired "frame time." This information 

is then extracted to draw the desired picture. The program mathematically 

co:mbines the chas sis, front fork, and pedals to draw the bicycle, and 

rnathe:matically co:mbines the torso, left and right upper arms and forearms, 

and left and right thighs, calves, and feet to draw the rider. Everything is 

so combined as to yield a picture of a rider astride a bicycle assuming normal 

pedaling, leaning, and handlebar grip, Figure 5. 1. Obviously, ani:mation is 

obtained if in succeeding frames the ele:ments of the bicycle and rider are 

:mathe:matically juxtaposed so as to si:mulate real life actions, Figure 5.2. 

Consequently, the bicycle actions that are simulated are: 
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Figure 5.1 COMPUTER GRAPHICS RENDITION OF A BICYCLE AND RIDER 
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(l) Bicycle chas sis translation and rotation (6 degrees -of -freedom) 

(2) Front fork and handlebar system steering action 

(3) Circular pedal rotation 

(4) Rider left-right lean action 

(5) Rider arm steering action 

(6) Rider leg pedaling action 

(7) Rider ankle motion 

Full details of how thes e actions are programmed is included 

in Appendix 3. 

5.3 Cost of Bicycle Graphics 

The Schwinn Bicycle Graphics Program costs about $5. 00 for 

two plots and from 50~ to 90~ per frame for animated films. The cost is 

generally proportional to the number of lines drawn. Therefore, simpler 

backgrounds and line drawings of the bicycle and rider tend to reduce the 

cost per frame. 

5.4 The Mechanics of Making a Graphics Movie 

The basic ingredient of a Schwinn Bicycle Computer Movie is 

the simulation program. The simulation program predicts the performance 

of the bicycle under a predetermined set of conditions. The investigator 

rnay inspect the results of the simulation run by referring to the printed 

output generated by the simulation program. The simulation program also 

produces a magnetic tape which contains the simulation results and which 

is used by the Schwinn Bicycle Graphics Program. 
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This" dynalTlics tape" is input to the graphics progralTl, 

concurrently with data cards specifying bicycle size, outline, calTlera data, 

run tilTle, etc. The bicycle graphics progralTl then sequentially obtains the 

dynalTlic s data as needed, lTlathelTlatically transforlTls the stored line drawings 

into a scene representative of the silTlulated position and orientation of the 

bicycle and rider as viewed frolTl the requested calTlera position. 

An interface progralTl converts the final line drawings, as 

stored in the cOlTlputer, into a set of cOlTllTlands for the CAL Flying Spot 

Scanner. The cathode ray tube bealTl of the Flying Spot Scanner traces 

out one fralTle of the lTlovie while a 16 lTllTl lTlovie calTlera records the picture. 

Upon cOlTlpletion of the fralTle, the fillTl is autolTlatically advanced, the 

graphics prograITl reads the next data (positions, angles, etc. of bike and 

rider) frolTl the dynalTlics tape and draws the next picture on the cathode 

ray tube. The cOlTlpleted fillTl will show anilTlated lTlovelTlent, exactly as 

the siITlulation predicted. Figure 5.3 illustrates the lTlovie lTlaking process. 

5. 5 Future DeveloplTlents in COlTlputer Graphics 

While the current cost of lTlaking cOlTlputer-generated anilTlated 

fillTls is quite high at the tilTle of the releas e of this report, past experienc e 

in the cOlTlputer industry indicates that the cost will be lTlarkedly reduced. 

The change frolTl the 360 series to the 370 series of cOlTlputers brought four 

tilTles the cOlTlputing power with only a slTlall increase in costs. Thus, the 

next generation of lTlachines will give a very large price reduction. In the 

near terlTl, certain lTlodifications to the CAL Flying Spot Scanner to allow 

its commands to be supplied off-line from lTlagnetic tape rather than directly 

£rolTl the central cOlTlputer wi.ll reduce the real-tilTle lTlelTlory space rental 

charge i.ncurred by the present lTlethod. This ilTlprovelTlent could yield a 
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20% cost reduction. As computers grow in power, speed, and economy of 

operation, this type of graphic output will change from a demonstration tool 

for the technically unskilled to a "first look" tool to be used by the design 

engineers. 

The same pi ctures that are plotted on the Flying Spot Scanner 

or the Houston plotter can also be plotted on a computer terminal with a 

visual display system. The main advantage of the computer terminal approach 

is that an interactive simulation/ graphics program could be developed. 

Through the terminal's keyboard, the bicycle designer can supply some 

particular bicycle parameters of interest, start the simulation, and display 

some frames of the simulation as it progresses. If the simulation pictures 

show the bicycle to be performing in an unsatisfactory way, then the designer 

can stop the simulation (thus saving wasted run time), re-input some new 

bicycle parameters, and start the process again. It is clear that this inter

active process is an efficient way to use simulation as a design tool. In the 

future it will be possible to implement this system with one of the new, 

powerful minicomputers becoming available, at the factory where the design 

is being done. 

As far as improvements to the present program go, short of 

arranging the rider to dismount the bicycle and walk away, the hidden line 

problem is the only one of major impo rtance. The hidden line problem 

refers to being able to see through a three dimensional line drawing and 

observe lines on the other side that are normally invisible. Computerized 

hidden line removal techniques are available, but at enormous costs in 

computing time. Such a capability would be esthetically pleasing in the 

Schwinn Bicycle Graphics Program but quite costly. It is felt that the 

capability should be available and it would receive much usage in the still 
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picture generation. However, present computing costs prohibit its usage 

in animated films until the next generation of computing equipment. The 

same may be said for computer generated half-tone color prints. These 

capabilities should be investigated and developed now with an eye on the 

future where their usage will be cost effective. 
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Appendix I 

MEASURED AND CORRECTED TIRE DATA 
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1.000 -0.1415 10.000 9 .. 919 31.150 1.000 0.874 1.000 -0 .. 259 10.000 9.912 70.250 ~.250 3.729 1.000 -0.361 10.000 9.851 104.500 1.500 6.298 I.ooa -0.20b 20.000 19,,91t3 37.150 2.500 2.41~ 1.000 -0.411 20.000 19.822 70.250 8.000 7.537 1.000 -0.624 20.000 l'~. 696 104.500 H.OoO 12.871 1.000 -0.27" 30.000 29.930 31.150 3.000 2. 9~ 7 1.000 -0.5n 30.000 29.726 70.250 12.000 11.596 1.000 -0.866 30.000 29.553 104.500 20.000 18.951 I. 000 -0 .. 26q 40.000 39.906 37.150 4.000 3.98~ l.ona -0.735 40.000 39.631 10.250 16.000 15.656 
1 .. 000 -1.139 40.000 39.392 10~.500 26.750 25.182 2. 000 o. 71t6 0.0 -0 .. 085 31.150 3.750 3.616 
2.000 0.1\2 0.0 -0 .. 105 70.250 5.000 1t.1t56 
2.000 0.700 0.0 -0.112 104.500 6.000 4.758 2.000 0.654 10.000 9.860 37.150 6.000 5.912 2.000 0.510 10.000 9 .. 175 70.250 10.000 9.523 2.000 0.408 10.000 9.715 104.500 13.250 12.092 2.000 0.bS3 20.000 19.860 37.150 6.000 1).941 
2.000 0.388 20.000 19.703 70.250 \3.000 12.575 
2.000 o. 115 20.000 19 .. 511 104.500 19.000 17.915 2.000 0.511 30.000 2~.RI2 31.150 8.000 7.985 2.000 0.18h 30.000 29 .. 584 70.250 18.000 17. 6~2 
2.000 -0.11A 30.000 29 .. 392 104.500 26.150 7'5.753 
2.000 0.530 40.000 39.787 31.1 ~O 9.000 9.022 
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2.000 0.024 40.000 39.488 70.250 22.000 21.701 2.000 -0."1" 40. 000 39.23\ 104.500 33.500 32.581 LOOO 1.511:) 0.0 -0.186 37.150 8.000 7.898 1.000 1.491 0.0 -0.236 70.250 10.500 9.998 3.00n 1.4159 0.0 -0.255 104.500 12.000 10.803 3.000 1.443 10.000 9.736 37.150 11.250 11.202 3.000 I.Hq 10.000 9.621 70.250 16.500 16.013 1.00Q 1.126 10.000 9.548 104.500 20.250 19.145 1. 000 1.412 20.000 19.717 37.150 12.000 11.987 3.000 1.107 20.000 19.537 70.250 20.000 Iq.628 3.()O() 0.864 20.000· 19.393 104.500 26.750 25.724 3.ono 1.290 30.000 29.645 37.150 15. 000 15.038 3.000 0.895 30.000 2q.411 70.250 25.250 24.941 3.000 0.531 30.000 2q.196 IM.500 35.000 34.066 3.000 1.24q 40.000 3q.621 37.150 16.000 16.075 1.OQC) 0.702 40.000 39.2q8 70.250 10.000 29.763 l. 000 0.248 40.000 3q.02q 104.500 42.000 41.148 4.000 2.414 0.0 -0.282 17.150 12.000 11.92q 4.'1n') 2.280 0.0 -0.361 70.250 15.750 15.288 4.0CO 2.238 0.0 -0.386 104.500 17.500 16.345 4.1(1) 2.292 10.000 9.646 17.150 15.000 14.9al 4.00f) 2.008 10.000 q.514 70.250 21.000 20.607 4.'lr)J 1.89C; 10.000 9.411 104.500 26.000 24.q39 
4."0:) 2.271 20.000 Iq.614 37.150 15.500 15.513 1t.'1(1') 1.916 20.000 19.424 70.250 14.750 24.415 4."00 1.622 20.000 IQ.250 104.500 32.750 31.770 4.f)OO 2.1"9 30.000 2Q.562 37.150 18.500 18.565 4.00:) 1. fl6 ~ 10.000 29.275 70.250 l\. 000 10.HI 4.()()0 1.26Q 30.000 29.041 104.500 4\.500 40.615 4.000 I.Q87 40.000 39.466 17.150 22.500 22.625 4. 000 1.461 40.000 3Q.l55 70.250 36. 000 35.808 4.000 O.Q41 40. 000 38.851 104.500 49.500 48.705 I).ono 4.ln 0.0 -0.424 37.150 18.000 17.975 6.000 3.94A 0.0 -0.557 70.250 24.000 21.601 6.000 3.856 0.0 -0.612 104.500 27.000 25.918 6.000 4.051 10.000 9.1)04 17.150 21.000 21.026 6.00r') 3. 7\6 10.000 9.306 70.250 29.750 2Q.424 6.0('1,) 3.51 , 10.000 9.186 104.500 35.500 14.512 6. OCiO 4.0S0 20.000 19.503 37.150 2\ .000 2\.055 
i). no') 4.010 20.000 19.419 37.150 22.000 22.063 6.0no 3.584 20.000 IQ.228 70.250 H.OOO 32.7ZR 6. 000 3.730 20.000 lQ.018 104.500 42.500 41.5Q4 
1'1.000 3.928 30.000 29.431 37.150 24.000 24.107 6.001 4.069 30.000 2Q.514 17.150 20. ~OO 20. ~ 80 6.00') 3.322 30 .000 2Q .072 70. 2~0 39.500 39.106 
~.onr) 2.801 30.000 28.768 104.500 53.000 52.20] 6.:10') 3.686 40.000 3Q.288 31.150 30.000 ]0.182 6.001 l.qqq 40. 000 38.881 70.250 47.500 47.3Q6 6.')00 2.444 40.000 38.553 104.500 62.000 61.30 I A.DOO 6. 0\2 0.0 -0.519 37.1~0 22.000 22.005 8.100 5.627 0.0 -0.747 70.250 32.000 31.662 8.000 '5.4Q4 0.0 -0.826 104.500 16.000 14.986 8. oro 5. Q7l 10.000 9.456 37.150 23.000 2 J. 042 8.000 6.011 10.000 Q.516 37.150 20.S00 20.523 8.00'1 '5.56C; 10.000 9.216 70.250 31.500 33.202 8.00,) 5.613 10.000 Q.H5 104.500 H.OOO H.9Q] 
H.O(H) 6.050 20 .000 1 q .1)01 37.1S0 21.000 21. O~S 1.000 5.949 20.000 19.444 37.150 23.500 21.574 8.nno 5.303 20.000 19.061 70.250 40.000 39.781 A.DOO 4.889 20.000 18.816 104.500 51.000 50.159 
".000 5.928 10.000 29.431 37.150 24.000 24.107 8.0(1) b.OQ9 30 .000 29.419 31.150 22. 000 22.0Q2 q.ooo ,).04'" 30.000 28. Q06 70.250 46.S00 46.159 R.nor') 5.22\ 30.000 29.0n 70.250 42.000 41.82~ 8. 000 4.44'i 30.000 28.554 104.500 62.000 bl.272 9.000 5.686 40.000 39.288 31.150 30.000 30.182 8. DOC! 4.73A 40.000 38.727 70.250 54.noo 51.946 8.000 4.082 40.000 38.HQ 104.500 71.000 70.369 10.000 7.972 0.0 -0.543 37 .150 23.000 23.0\3 11).001) 1.3A5 0.0 -0.890 70.250 38.000 37.708 10.000 7.152 0.0 -1.028 104.500 44. ~OO 41.1)'51 10.000 8.051 10.000 9.504 31.150 21.000 21.026 10. 000 7.143 10.000 8.967 70.250 44.000 43.782 10.000 6.169 10.000 8 .. 746 104.500 54.000 53.\ 53 10.000 1.969 20.000 19.456 37.150 23.000 23.071 10. ana 7.021 20.000 18.895 70.250 41.000 46.814 10.000 6. S4 7 20.000 1 A.b14 104.500 5Q.500 58.724 10.000 8.029 30.000 29.4Ql 37.\ 50 21.500 21.588 10.000 8.109 30.000 29.538 37.1~0 19.500 19.513 10.000 6.819 30.000 28.775 70.250 52. 000 ~1.901 10.000 6.164 30.000 28.388 104.500 69.000 68.325 10.000 6.204 30. 000 28.411 104.500 68.000 67.317 10. 000 7.766 40.000 39.335 37.150 28.000 28.167 10.00) &.818 40.000 18.774 70.250 52.000 51.930 10.000 6.082 40.000 38.HQ 104.500 71. 00 0 70.369 lo.ono 6.007 40.000 38.292 104 .. 500 7'3.000 72.385 
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- 3.000 - 3. 281 0.0 O. 71t 1 H.150 -31.000 - 31. 3q9 -3.JOO -2.828 0.0 1.012 10.250 -~2.000 -42.903 - 3. 000 -2.'58 0.0 I.nl 10'.500 - 50. 500 -52.113 -3.000 - 3.530 10.000 10.598 Hoi 50 -25.000 -25.125 - 3.000 -3.409 10.000 10.669 31.150 -28.000 -28.341 -3.000 -2.910 10.000 10.929 10.250 -18.500 - 39.341 -3.000 -2.121 10.000 11.016 1~.500 -4t~.OOO -~5.59'> 
- 3.000 -1.692 20.000 20.502 31.150 -21.000 -21.265 -3.000 -3.511 20.000 20.573 11.150 -24.000 -24.288 -1.000 - 3.152 20.000 20.8l'l 10.250 -34.000 -34.784 -3.000 -2.843 20.000 21.00' 10'.500 -41.000 -~2.")43 
-3.000 - 3. q54 3 O. 000 30.1H 31.150 -14.500 -14.681 -3.000 -3 .. 864 10.000 10.'00 31.150 -16.150 -16.954 - 3.000 -3.063 30.000 10.519 31 .150 -21.150 -21.992 -3.000 -3.613 10.000 30.513 31.150 -21.500 -21.140 -3.000 - 3. 50 2 30.000 30.614 H.150 -25.150 -26.022 -3.000 -3.116 10.000 30 .4~'2 10.250 -18.500 -19. 136 - 3.000 -3.&7& 30.000 30.511 10.250 -21.000 -21.655 -.i.000 -3.103 30.000 30.8~iO 10.250 -35.250 -36.014 -3.000 -3.658 30.000 30.52~2 104.500 -20.150 -ll.IIG -3.00,.) - 3. &2 8 30.000 10.5'0 10~.500 -21.500 -i'2.86~ -l.OOO -2.814 10.000 3 1. O~~ 1 104.500 -41.150 -4-1.210 
- i. 000 - 4. 036 40.000 40.298 H.150 -12.500 -12.642 - j .000 -3.895 40.000 40.1112 31.150 -16.000 -16.16q -J.ODO -3.918 40.000 40.3~,8 10.250 -15.000 -15.5fH -j.000 - 3.80 R 40.000 40. 391 10.250 -16.250 -10.840 --i.OOO -4.011 40.000 40.3il3 104.500 -12.000 -11.2 h4 -Z.OOQ -2.569 0.0 0.575 H.150 - 24. 000 -24.146 -2.000 - 2. b 19 0.0 0.545 31.150 -22.150 -23.086 -2.000 -2.110 0.0 0.810 10.250 -33.500 -34.33A -2.000 -1.941 0.0 0 .. 946 104 .. 500 -3R.500 -40.0R2 
-2.000 -2.131 10.000 10.4:" 31.150 -20.000 -20.286 -2.000 -2.510 10.000 10.598 11.150 -25.000 -25.325 -2.000 -2.312 10.000 10.1l6 10.250 -30.000 - 30. 10i2 -2.000 -2.022 10.000 10.898 104.500 -}6.500 -3B.r"J38 -2.000 -2.812 20.000 20.4]1 31.( 50 -18.000 -18.142 
-2.000 -2.122 2 O. 000 20 •• a4 H.150 -20.250 -20.509 -7.000 -2.383 20.000 20.684 10.250 -28.250 -26.990 
-2.000 -2.164 20.000 20.8 il4 104.500 -H.OOO -34.482 -2.000 - 3. 115 30.000 30.216 31.150 -9.030 -9.14, -2.000 -2.843 30.000 30.412 31.1"50 -11.250 -11.458 -2.000 - 2. 11 1 30.000 30.489 31.150 -20.500 -20.732 -2.000 -3.185 30.000 30.2l0 31.150 -8.1')0 -8.893 -2.000 -3.138 30.000 30.238 10.250 - 9.500 -10.068 -2.000 -2.445 30.000 30.6·.8 70.20:;0 -26.150 -21.44q 
-? .000 -3.(58 30.000 30.2.26 10.250 -9.000 -9.564 
-2.000 -3.170 30.000 30.219 104.,00 -8.000 - q. 262 
-2.000 - 3. 2 Jl 30.000 30. I Bl 104.500 -6.500 -1.7':> 1 -2.000 -3.281 30.000 30.153 10".500 -5.250 -6.491 -2.000 -3.211 30.000 30.195 104.500 -1.000 - B. 2.,,, -2.000 - 3.231 40.000 40.119 31.150 -1. 500 -1.604 -2.000 -3.206 40.000 40.I'H 31.150 -8.250 -8.360 -2.000 -3.351 40.000 40.112 10.250 -".250 -4.744 - 2.000 - 3. 443 40.000 40.0'51 104.500 -1.2")0 -2.~32 -1.000 -1.1qO 0.0 C.4'''4 31.(50 -18.500 -) 8.R04 - 1. 000 -1.291 0.0 0.7~9 10.250 -31').500 -31.31,) 
-1.000 - 1.152 0.0 0.821 104.500 -33.250 -34.792 -I. 000 -1.811 10.000 10.396 31.150 -16.500 -16.760 - I. 000 - 1. 61 j 10.000 10.548 10.250 -22.~0 -2l.22; -1.000 - 1.50"1 10.000 10.612 104.500 -24.500 -2').946 
-1.000 -1.<'133 20.000 20.359 31.150 -15.000 -1') •• 219 -1.000 -1.b7,:> 2 O. 000 20.512 10.250 -21 .. 000 -21.684 -1.000 -I.59b 20.000 20.558 104.500 -22.250 -23.650 -1.000 -2 .. 146 30.000 30.( 15 31.150 -4.750 -4. R6 2 -1.000 -2.400 30.000 30.0B3 10.250 -3.000 - 1. 518 -1.000 -2.492 30.000 30.028 104 .. 500 0.0 -1.20 I -1.000 -7.4b8 40.000 40.043 37.150 -1.150 -t.810 -1.000 -2.441 40.000 40.059 10.250 -2.000 -2.482 -1.000 -2.bI4 40 .. 000 39.95b 104.500 3.000 1.851 0.0 -1.031 0.0 0.301 31.150 -12.500 -12..1')8 0.0 -0.814 0.0 0.394 10.250 -16.000 -10.104 0.0 -0.805 0.0 0.435 104.,00 -ll.0no -IB.418 

0.0 - t. 0&2 10.000 10.283 31.150 -11.150 - 11 .q13 0.0 -O.q3S 10.000 10.358 10.250 -14.500 -lS.lb4 
0.0 -0.947 10.000 10.351 104.500 -13.500 -14 • .q6? 0.0 - O. 867 10.000 10.398 104.500 -15.500 -16.877 0.0 - 1.084 20.000 20.210 31.150 -11.250 -'1.1.441 0.0 -0. q36 20.000 20.357 10.250 -14.500 -15.13<; 
0.0 -0.898 20.000 ? D. 3 80 104.500 -14.11)0 -ib.OQ"3 0.0 -1.637 30.000 19.942 31.1-;0 2. ;00 2..443 0.0 -1.802 30.000 29.845 10.250 1.000 6.558 0.0 - 1.832 30.000 19.827 10.250 1.11)0 7.314 0.0 -1.<)64 30.000 29 .. 7lt9 104.500 II. 150 10.6313 
0.0 -1.20b 40.000 4() .197 31.1·50 -8.250 - 8. "360 0.0 -1.280 40.000 40.154 10.250 -6.000 -b.1)12 
0.0 -1.393 40.000 40.081 104.500 -2.500 -l.6ql 
1.000 -0.351 0.0 O.lll ]7.150 -4.500 -4.691 
1.000 -0.31 b 0.0 ().133 10.250 -5.000 -').b20 
1. 000 -0.288 0.0 0.149 104.500 - 'l. 000 - 6. '26 
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1.00') -0. ]94 10.000 10.086 31.150 -3.500 -3.661 
1.000 -O.Hl 10.000 10.108 10.250 -4.000 -4.584 
1. 000 -0.409 10.000 1 D. 077 104.500 -2.000 - 3.214 
1.000 -0.325 20.000 20.121 37.150 -5.?~0 -I).l95 
1. OOJ -0.318 20.000 20.131 10.250 -S.OOO -5. 'it>l 1.000 - O. 3.0 20.000 20.106 10~.500 -3.250 - 4. ')OS 
1.000 -0.919 30.000 29. HO 37.1 50 11.000 11.008 1. 000 -1.244 30.000 29.58'" 70 .. 2 50 18.000 11.642 
1.000 -1.437 30.000 29.410 104. ,00 23. ,00 22.41t3 i.QOD -0.488 40.000 40.031 37.150 -1.250 -1 .. ]01 1.000 -0 •• 42 40.00r 39.940 10.250 3.000 2. '51 
1.000 -0.805 40.00U 39.843 104.500 1.150 b .63 7 1.000 -0.845 40.000 }9 .820 104.500 8.150 1.644 
2.000 0.336 0.0 -0.013 31.150 3.250 3.112 2.000 0.312 0.0 -0.081 10.250 4.250 3 .. 100 
2.000 0.310 0.0 -0.088 104.500 5.000 3.150 2.000 0.264 10.000 9.884 31.150 5.000 4.904 
2.000 0.191 10.000 9.841 10.250 1.250 b .152 2.000 0.138 10.000 q.810 104.500 9.250 8.0hl 2.000 0.184 20.000 19.955 37.150 2.000 1.(HO 
2.000 0.320 20.000 19.911 10.250 4.000 3.506 
2.000 O.22ti 2 0.000 19.8&3 104.500 1.000 5.873 2.000 -0. 2b 1 30.000 29. ') 74 37.150 18.000 18.001 2.000 -0 .. 58& 30.000 29.382 10.250 2 •• 500 20.207 2.000 -0.81<1 30.000 2 q .. 244 104.500 31.000 32.01)0 
2.000 0.2 >l 40.000 39.81. 31.150 5.250 5.243 2.000 0.01. 40.000 39.138 10.250 11.500 11.121 
2.000 -0. 181 40.000 3q.611 104.500 11.250 16.209 3.000 0.944 0.0 -0.305 31.150 13.000 12.9]6 3.000 0.800 0.0 -0.391 10.250 11.000 If,.54P. 
3.000 0.158 0.0 -0.415 104.500 18.150 17 .. 605 .1.000 0.812 10 .000 9.652 31.150 14.150 14.12q 
3.00Q 0.138 10 .000 q .513 10.2')0 18.500 18. Od8 
3.DCO 0.62& 10.000 9.501 104.500 22.000 2 o. 90Q 3.000 0.992 20.000 19.123 31.1 '0 11.150 11.135 
3.000 0.B48 20.000 19.638 10.250 15.1S0 15.J46 
3.000 0.695 20.000 19.'51t1 104.500 20.250 19. 174 
3.000 0.518 30.0CO 29.443 31.150 2'3.500 2 i .601 3.000 0.1t38 30.000 2q.395 31.150 25.500 75.619 
3.000 -0.008 3C.000 29.132 10.250 37.000 3&.1H7 
3.000 -0.241 30.000 28.qq4 104. , 00 43.500 42.631 
3.000 0.Q29 40.000 J9.686 31.150 13.250 11.304 
3.000 0.544 40.000 39.458 10.250 23.250 ?2.961 
3.000 0.3~1 40.000 39.338 104.500 29.000 2~. J49 
4.000 1.683 0.0 -0.460 31.150 19.500 19.4'ib 4.000 1.418 0.0 -C.b1e. 10.2'>0 26.500 26.120 
4.000 1. '05 0.0 -0.683 104. ')00 30.000 ? 8. 941 4.000 1.511 10.000 9.414 31.1.,0 22.250 22.286 
4.000 1.31. 10.0CO 9.323 10.2'0 29.000 71i .668 
4.000 1.194 10.000 9.251 104.500 32.150 31.141 4.000 1.151 2 O. 000 19.580 37.1 SO 11.150 11.181 
4.000 1.120 20.000 19.563 .H.150 18.500 18.516 4.000 1.690 20.000 19,545 31.150 19.250 19.2.9} 
4.000 1.42. 20.000 19.388 10.250 26.250 25.926 
4.000 1.243 20.000 19.280 104.500 31.500 30.510 4. 000 1.311 30.000 29.324 31.150 28.500 28 •• 41 
4.000 0.630 30.000 28.918 10.250 46.000 45.856 
4.000 0.311 30.000 28.132 10~.500 54.500 53.114 
4.000 1.608 40.000 39.496 31.150 21.250 21.3.5 4.000 1. 192 40. 000 39.250 10.2')0 32.000 31.178 
4.000 0.929 40.000 39.094 104.500 lQ.250 38.377 
4.000 0.889 40.000 39.011 1 a....500 40.250 39.385 
6. 000 3.260 0.0 -0.110 37.1')0 30. 000 10.066 6.000 2.115 0.0 -0.991 10.250 42.500 42.242 
6.000 2.,0 1 0.0 - 1. 159 104.500 50.000 4"1.093 6.000 3.259 10.000 9.290 31.150 30.0no 30. (}9 5 6. OOl) 3.500 10.000 9.432 37.150 24.000 24.049 
6 .. 000 2.693 10.000 8.9':>5 10.2;0 44.500 44.786 6.000 3.44~ 10.000 9.400 104.500 26.500 25.44'.\ 6.000 3.218 20.000 19.2.5 31.150 31.000 31.137 6.000 2.6~2 20.000 18.930 10.250 45.5QOl 45.323 6.000 2.358 20.000 18.151 104.')00 53.500 52.618 6.000 3.418 30. 000 29.41 q 31.1')0 24.500 24.f, lL 
6.000 2.189 30.000 28.115 10.250 52.0no 'j 1.901 
b.OOO 1.6'.J4 30.000 28.364 104.500 10.000 69.131 
6.000 3.195 40.000 39.252 37. 1 ~O 11.500 31. 69 3 
6.000 2.488 40.000 38.834 10.250 49.500 49.411 •• 000 2. 054 40.000 38.511 104.500 61.000 60.293 
8.000 5.019 0.0 -0.852 31,150 3 •• 000 l •• 117 8.000 4.352 0.0 -1.241 70.24)0 'j 3. 000 52. 822 A.OOO l.818 0.0 -1.521 104.500 65.500 tl4.112 
".000 5.259 10.000 9.290 37. 1 ~O 3D. 00('1 30.095 8.000 4.412 10.000 H.788 10.250 51.500 ')1.340 8.000 3.951 10. oeD 8.520 104. '>00 63.500 h2.12') 
8.000 5.238 20.000 19.211 31.1 ~o 30.500 31).62 A 
".000 4. HO 20.000 18.128 10.2~0 54.000 ')3.d8A 
fj .000 3.675 20.000 18.353 104.500 10.500 f,q.AOA 
8.000 '>.45 B 30.000 29.401 31.1')0 25.00 a 2'). 11 ~ 
8.000 4.148 3 O. 000 28.632 10.250 58.0no 51. q4 7 
8.000 3.493 30.000 28.245 104.500 15.000 74.311 
8.000 5.256 40.000 39.21:18 H.150 30.000 1 0.182 d .000 4.408 40.00C 38. 786 10.250 51.500 51.427 8.000 4,046 '0.000 38.512 10.2<;0 60. sao 6Q.4Q,) 
8.0GO 3.512 "'0.000 38.256 104.500 14.'500 13. Aq6 

10.000 1. 100 0.0 -0.805 31.150 34. 000 34.097 
10.000 •• 292 0.0 -1.282 10.2 <; 0 S..500 54.334 
10.000 5.037 0.0 -1 •• 10 104.500 11.500 10.1;1 
10.000 7.4t20 10.000 9.385 37.150 2b.00O 2f1.064 
10.000 1.Hq 10.000 9.290 31.1'50 30. oeo 30.0QI) 
10.000 6.391 10.000 8.116 10.2 <;0 52.000 s 1. 843 
10 .000 6.070 10.000 8.586 10.250 60.000 ':lq.~o') 
10.000 5.776 10.000 ".413 104 .. 500 68.000 67.ltlO 
10.000 7.298 2 0.000 19.313 31.1 ')0 29.000 19.116 
10.00a 6.2S0 20.000 18.693 10.2')0 55.500 ~S.lqq 
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Figure II. 35 Run 16, Low Speed Stability - Load in Rider's Backpack 
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Appendix III 

1, MODIFICATION TO THEISS GRAPHICS PROGRAM 

The Schwinn Bicycle Movie is built around Calvin Theiss' Single 

Vehicle Accident Display Program. Theiss' automobile display program is 

really an excellent perspective graphics system specially modified to display 

automotive simulations. First, Theiss'program had to be stripped of all 

special coding needed to draw rotating wheels, differentials, etc. The 

stripped down version then became a very useful perspective graphics package 

from which to build upon. A simplified flow chart of this generalized graphics 

program is shown in Figure 111.1. 

1.1 Displayin~ an Object 

An object is defined as a line drawing of some entity which can be 

appropriately transformed and plotted into picture space. Section 6 of this 

appendix describes the card input for objects. Plotting an object involves 

a call to the object subroutine. 

CALL OBJECT (TITLE, X, Y,i:., Pf../I, TIIETA, PSI) 

where: TITLE = name of object already in storage (see Section 6) 

x, y,z = placement of object in inertial space 

PilI, TII£T/I, mL = orientation (Euler angles) of object in inertial space. 

Each object is defined in its own coordinate system, and the X,Y,Z 

parameters and Euler angles correctly position the object for plotting. 
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READ SIMULATION - MOVIE DATA 

READ CAMERA DATA 

00 FOR EACH STORED OBJECT 

READ OBJECT DATA 

00 F0R EACH FRAME 

READ TAPE FOR 
SIMULATION DYNAMICS DATA 

TRANSFORM EACH OBJECT 
INTO PICTURE SPACE 

PERFORM EDGE TESTS 

PLOT EACH OBJECT 

Figure i11-1 FLOW CHART OF THEISS PERSPECTIVE GRAPHICS PACKAGE 
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1.2 Displaying the Bicycle Chassis 

The Schwinn Bicycle Dynamics Simulation provides a dynamics tape 

of the position and orientation of the bicycle chassis, referenced to the 

c.g., and the steer angle, all provided at some convenient sample interval. 

Displaying the basic bicycle chassis would then require the following CALL: 

where 

C!1LL OBJECT (OCffIlS, X, y, it., PilI, TIIETA, PSI) 

OCHAS = Title of stored line drawing of bicycle chassis 

X, Y, Z = Fixed space positions from dynamics TAPE 

Phi, Theta, Psi = Euler angles from dynamics TAPE 

The graphics program will then mathematically place the chassis 

at the position and orientation in fixed space specified by the dynamics tape, 

and based on the camera data make a perspective view of the scene. 

1.3 Displaying the Handlebar - Front Fork System 

Mathematical complications set in from this point on. The front 

fork system, stored as an object, has a different X, Y, Z position and Euler 

angles than the basic chassis. The correct X, Y, Z positions are determined 

by geometry and the correct Euler angles are determined by developing the 

front-fork to fixed space axis system transform matrix and equating the 

terms in this transform matrix to like terms in the standard Euler transform 

matrix. 

[B]· Y 
$T££/f 

Z 
sr£EIf 

129 
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x 

-+ Y 

z 
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where: 

:B = 

when": 

where: 

(X Y Z ) = Points in fornt-fork axis system steer' steer' steer 

(XXF, YYF, ZZF) = Center of front/fork system in chassis coordinates 

(XF, Y F' ZF) = Front fork points transformed into fixed space 

(X, Y, Z) = Current spatial position of chassis. 

cos (CrlST.£Rj· COS(STEER) 

$/1'1 (S'TEEJf) {'oS ( .s T.EER) o 

cos ( C/f..9TER) 

Caster = Frunt fork caster angle (from basic dimension CARDS) 

Steer = Front fork steer angle (from dynamics TAPE) 

cos ~ ('ose 

cos e $/N~ cose cos ri 

Standard Euler Transformation Matrix 

7f = yaw angle e = pitch angle ¢ = roll angle 

The Euler angles required are solved by equating coefficients in the overall 

transformation matrix [48J = [,q]. [8J to the like terms in the standard 

Eule:r transform. 

For example: Equate -41(3,2) to 413(3.Z) and ,<:i8(3,3) to (.3,.3) to get 

the desired roll angle. 

cas e ..s/N I = /18 (3,2) 

cos e C03P = /18(3,3) 

coS e ~B( 3, z) 
s//V' ¢ 

/18(.3,2) 

SIN ¢ 

cost) = 

Ji13(.3,3) 

cosT 
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.. 9N¢ .4B(3,2) 
= 

COS¢ ~8( .3,3) 

T/IN ¢ = 4B(3,2) 

~B (3,3) 

-J ..ctl3(.3,Z) 
T4/V 

fot13 (3,3) 
Roll angle of front fork system 

The pitch and yaw angles were solved in a similar fashion: 

t = T/lI1/
J 

( ,c)B(Z,1) _I 
/l!3 (t, 1) / 

= yaw angle of front fork 

pitch angle of front fork system 

A special subroutine was written which does the above job auto

matically. It takes the matrix coefficients of the Euler transform and the 

object-to-chassis axis transform and returns the proper Euler angles. To 

correctly plot the front fork, one has to convert the center of the front 

fork system into fixed coordinates and CALL the subroutine OBJECT. 

XXF x 

+ y 

Zii!F 

where X, Y, Z = current fixed axis position of the bicycle (fron dynamics TAPE) 
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Plotting the front-fork is accomplished by: 

The rest of the Schwinn Bicycle Graphics computation follows the 

same pattern - determination of the object to chassis axis transform, solving 

for the Euler angles, solving for the correct fixed space eX, Y, Z) positions, 

and calling subroutine OBJECT. There will be no need to go into this much 

detail on the following items. 

1.4 Displaying the Pedals 

The pedals rotate through an angle",-, and only require a simple 

pedal-to-chassis transform: 

III [c J 

[

COOS w 
c= 

S//\/ c.J 

Xp £D-9L 

Y P£DI'IL 

o 

! 

o 

XXP 

+ yyp 

ZilP 

exxp, YYP, ZZP) = center of pedal system in chassis coordinates 

eX Y Z ) = points in pedal object description 
pedal' pedal' pedal 

= angle of pedals 

eX, Y, Z) = current spatial position of bicycle 

~ is determined by calculating the distance traveled since the 

last frame and relating this distance to the wheelsize and gear ratio 
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-2 

-2 

• 2 

PEDALS 

CHASSIS 
-x __ ---l----_--+-J...:~--+__~ X 

FRONT-FORK 

BICYCLE SYSTEM 

Figure m-2 
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+ W 
OLD 

W :::: pa-st Vcdlle 01' W 
OLD 

Figure III.2 shows the relationship between the 3 sections of 

the bicycle chassis, namely the chassis, the front-fork, and the pedals. 

2.0 Attaching the Rider 

The positioning and plotting of the rider poses some interesting 

prob lems. The method used wi 11 be similar to the way the front-fork and the 

pedals were plotted, namely introducing each part as an individual object 

,md correctly specifying the spatial positions and Euler angles to do the job. 

Figure III.3 shows the rider and associated joints. Note that 

each leg has three dynamic joints (thigh action, calf action, and toe action) 

and that each arm has two dynamic joints (upper arm action and forearm action). 

The whole torso can lean to the left or right. Two major simplifying assump

tions are applied in the solution - that leg action is in one plane only and 

that the armpit angle is constant. 

2.1 The Pedaling Action 

It was decided that simulation of the rider ankle action would add 

much to the realizm of the graphic display. A simple toe angle approximation 

was employed. 

Toe angle (left) 

Left 
Ankle 
Action 

o o 

- • 25 l\- cos (w ) 

Q 
Toe angle (right) = . z5 * co,g(w) 
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-2 CHASSIS 

" -
-x CHASSIS -------+-----::::~~---~~:__------ X CHASSIS 

2 CHASSIS 

Figure ill-3 
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The positions of the thigh, calf, and foot must be calculated 

by geometry and coordinate transforms. 
-i! 

~ ____________ L-______ ~ ________ ~~ ______ ~(~XX~'~Y~X~,~~~X~ __ ~ X 

The geometrical calculations necessary are the following. 

Calculation of Point X 

where: 

coS (w) o XPL XXP 

YK = o ! o YPL + yyp 

zx - S11t (w) COS(w) ZPL 

(XPL, YPL, ZPL) = coordinates of foot-pedal connection in 

pedal axis 

(XXP, YYP, ZZP) = center of pedal system in chassis coordinates 
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Calculation of Point Y 

where: 

XY = xx - COs (TOE ~Af(jL£) "'" HF 

yy = Yx 

~y = ~X - $IN (TOE 4I1/GLE)"* HF 

(XX, YX, ZX) = chassis coordinates of point X 

HF = half a foot (distance YX) 

Other Calculations (Refer to diagram) 

DiG'( :::-j(X~L -XY/~+(Y2L-YY)2.+ (zil:;!L -..lY/' 

AA :0 TAN-
1 ((Xy- X~L)/(ZY- ;i!;!L) 

p i (DZ Y + Tf//GH + CIlLF) 

IT = j[(P-D&Y)(P- CALF)(P -Til/ali)]!? 

,qCJ = 2."", T41i/-1 ( 1?/(p- CIlLF)) 

.4D = Z * 7-4N- 1 (R/(P - Til/Gil)) 

A8J =- 1 . .5707 -A/I 

A/lCJ = /.5707 - /l.ll - ACJ 

IlQ = ABJ +AD 

X Q =- Til/Gil * SltV(/9'??"f- -4CJ) + x zL 

YQ = Y:1!L 

ZQ == Ttl/Gil * CO.s(-'919 +/lCJ) -f ZZL 
2.2 Displaying the THIGH 

The thigh is connected at point Z and rotated downward by 

angle AACJ. The Euler angles are determined from the following relationship. 
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X
F 

l CO.s( /f/lCJ) a - S/IV' 0~CJ) 
XTII1SI-I 

X.eL x 

YF = [ ,q ] 0 I 0 
YTN/Sf.{ + YZL 4- Y 

;!;::: S/N ( A ,4CJ) 0 

L 
(lOS (,q.4cJ) 

i!. T/I/all 
i!i!L z. 

where: AACJ = angle from horizontal thigh is rotated downward. 

eXZL, YZL, ZZL) = hip to thigh tie point in chassis coordinates 

ex Y Z ) = points in thigh axis system thigh' thigh' thigh 

eX, Y, Z) = current spatial position of bicycle 

Finally, the fixed space position of the center of the thigh axis system is 

solved from the following relationship. 

XLT x 

YLT = Yl-L + y 

ZLT 

2.3 Displaying the CALF 

The calf is displayed exactly the same way as the thigh. The 

Euler angles are determined from the following realtionship: 

X
F 

cos (,4Q) 0 - SIIV' (,qQ) 
XC'J9LF XQ. 

Y
F 

=: 1 0 Y + YQ + C"1LF 

_~F 0 cO$ (-"1Q) z z 
C"1L.F Q 

where: AQ = angle from horizontal calf is rotated downward. 

X 

Y 

Z 

eXZL, YZL, ZZL) = hip to thigh tie point in chassis coordinates 
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(XQ, YQ, ZQ) = point Q in chassis axis coordinates 

(X, Y, Z) = current spatial position of bicycle. 

The fixed space position of the center of the calf axis system 

is solved from the following relationship. 

xc XQ x 

YC = YQ + y 

LC ZQ 

2.4 Displaying the FOOT 

Likewise, the foot is displayed with techniques like those used 

for the thigh and calf. -The Euler angles are determined from the following 

relationship. 

X'F 

'IF := 

Lr 

where: 

,r 

~ 
COS ( rOE /9/11GLE) 0 - SIN(ro£ /?NSLE) X

FOOT 

[ ,q J 0 1 0 YFOOT + 

1 S/N (rOE 4N(l,!.E) 0 (!OS(/·OE /.fIVGLE) Z 
FOOT 

Toe angle = angle at which foot is rotated from horizontal 

(Xfoot ' Yfoot ' Zfoot) = points in foot axis system 

(XX, YX, ZX) = point X in chassis axis coordinates 

(X, Y, Z) = current spatial position of bicycle 

XX 

Yx 

2X 

The fixed space position of the center of the foot aX1S system 

is solved from the following relationship. 

[::: l" [,q J :: 1 + 

Lif)( z-x 

x 

'/ 

+ 
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All of the past sections of this appendix concerning display of 

the legs have shown examples of left-leg computations, suffice it to say that 

right leg computations are similar, excepting for the differing tie points 

and toe angles. 

2.5 Displaying the TORSO 

The torso undergoes two rotations, hunching over and leaning from 

side to side. The hunch angle comes from the basic dimension CARD and the 

lean angle comes from the dynami cs TAPE. The Euler angles are determined 

from the following relationship: 

XF 

YF [A] 

i3
F 

where: 

r 

cos (,.qH) S tN(,4J.1)· ..911'/ (AL) - SI/II(AH).COS(4L) X 
To~so 

0 COS ("QL) 0 YTO~O + 

SltV(,.q H ) - C'OS(AH)' SIN(/1L) C'OS(t9I1) • COS("QL) i! 
r01?SO 

AH = hunch angle 

AL = lean angle 

(Xtorso' Y torso' Ztorso) = points in the torso axis system 

(XS, YS, ZS) = coordinates of center of torso axis system in 

chassis system 

(X, Y, Z) = current spatial position of bicycle 

Xs 

Ys 

:2$ 

The fixed space position of the center of the torso axis system 

is determined by the following relationship: 

where: (XXS, YYS, ZZS) coordinates of center of torso axis in fixed space. 
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2.6 Dis,Elaying the ARMS 

The solution for the arms is not immediately obvious, for as is 

seen in Figure 111.4, the elbow can trace out a circle of points. A few 

simplifying assumptions can be of assistance. If the upper arm and the 

forearm are equal in length, then the perpendicular distance from the elbow 

to the handlebar-shoulder line can be determined. A transformation matrix 

can be developed to convert points 1n the elbow circle plane to the chassis 

axis system. In the elbow circle system, a constant shoulder angle can be 

chosen to specify an elbow point - this can be transformed back into the 

chassis set. Once the elbow point is known, the job is quite straightforward. 

2.7 Calculation of the Elbow Points 

Direction Numbers of Line DSH: 

U (XHL-XSL) v = (YHL-YSL) w (ZHL-ZSL) 

where: (XHL, YHL, ZHL) are left handlebar tie points in chassis coordinates. 

(XSL, YSL, ZSL) are left shoulder tie points in chassis coordinates. 

Transformation matrices have already been developed to convert the 

tie points from their own axis set into chassis coordinates. 

Distance from Shoulder to Handlebar 

Direction Cosines 

UjOSE VjOSH V' = WjDSH 
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-z CHASSIS 

-Zo 

"~If~ 
" a 

I 
Yo I 

I X" a 
HANDLEBAR 

ELBOW 

;.-------------------------X CHASSIS 

Y CHASSIS 

Yo----~~~r-----~~--------.----------Yo 

Figure ID-4 
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Euler Angles to Transform Chassis Axis into Elbow Plane 

Yaw: 7f! = T41t/-l (u-/A.) 

Pitch: B = - (,-!?/I,I-l(v//;{2r u.L') 

Distance from Point Q to Elbow 

DQE = j upperarm2 + (DSHj2) 2 ' 

Calculation of Elbow Point in Elbow Axis System 

XEP 0 

YEP -DQE * C0S (armpit angle) 

ZEP DQE * SIN (armpit angle) 

Transformation of Elbow Point into Chassis Axis System 

x cos p e-os e - SIN 7,V coS 7j/ S/II/ B 
EL 

Y£L = SiAl ?j/ casB COS 7j/ .sIN 7f -SIN B 

ZEL - sINe 0 ('os e 

where: (p,e) = Euler angles previously determined 

(Xep, Yep, Zep) = Elbow point in elbow axis 

XQL = .5*(XSL + XHL) 

YQL .5*(YSL + YHL) 

ZQL = .5* (ZSL+ZHL) 

2.8 Displal the UPEer Arms 

)( [XQL -ep 

Yep + IQL 

i! i! 
ep QL 

coordinates 

Two Euler rotations are needed to position the upper arms, and 

these two Euler angles are calculated in the following way: 
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~ (XEL-XSL)/upperarm 

u = (YEL-YSL)/upperarm 

v = (ZEL-ZSL)/upperarm 

7f = TAN- l (u./v) 

{) = TAN-l(V//A z
,< ze?') 

The Euler angles required to rotate the upperarms into the fixed 

space set are calculated, as usual, from the following relationship. 

where: 

COS( 7/) . (!0..2 e 

S'//V(7/) . COS(B) 

-$IA/(e) 

- S/N(-';') co.s(p)· SIA/(&) 

o 

$1Jt;(?t/) • sl!VrBj 

C'Os(e) 

X 
l/,q 

(XUA, YUA, ZUA) = points in upper arm axis system 

x 

+ 
y 

.e
SL 

(XSL, YSL, ZSL) = shoulder tie points converted to chassis axis system. 

(X, Y, Z) = current spatial position of bicycle. 

The fixed space position of the center of the upperarm axis system 

is determined by the following relationships. 

[ XSLF 
)(SL X 

1 
Y..9LP == [,if] YSL + Y 

i!.SLF ,cSL z 

2.9 DisElayin~ the Forearms 

Two Euler rotations are needed to position the upper arms, and 

these two Euler angles are calculated in the following way: 
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). (XHL-XEL)/forearm 
t.{. (YHL-YEL)/forearm 

V (ZHL-ZEL)/forearm 

7jJ = TAN- l (J.t/ J-') 
() = TAN- l ( vA).2. +~1. ) 

The Euler angles required to rotate the forearms into the fixed 

space set are calculated from the following relationship: 

XF 
('os (7/1) . ('00$(8) -81/1/(71/) ('o..s(P)- ..9IA,J(B) XFIl Xu X 

YF [A] S/A/(/f) . (!O$(8) COS (7/) .gJA/O!') • S'IN(S) YFA + Y
EL + '( 

cF - SIN (e) 0 CoS(f) ) Z FI/ ZEL Z 

where: (XFA, YFA, ZFA) = Points in forearm axis system 

(XEL, YEL, ZEL) Elbow point in chassis axis system 

(X, Y, Z) = Current spatial position of bicycle. 

The fixed space position of the center of the forearm axis system 

is determined by the following relationship: 

r
X£LF] 
Y£LF 

2ELJ: 

The examples used in the previous sections concerning the arms 

concerned the left arm; however the right arm is desplayed is the same way. 
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3. GENERAL USAGE INFORMATION 

following: 
To get a picture using this program, you will have to supply the 

(1) A suitable dynamics tape (and associated DD card, naturally) 
(2) A copy of the Schwinn Bicycle Graphics Program. 
(3) FORTRAN data cards to control the simulation-graphics process 

3.1 Coordinate Systems 

The user need only know how to plot objects on the simulation plane 
and how to point the movie camera. Figures IlLS and IIL6 show the layout of 
the coordinate system. The important considerations are: 

(1) All data points for this program are in inches. 
(2) Minus Z-axis is up. 
(3) Camera azimuth angle works like this (clockwise from +X): 

-Y 

! - ~C· 

l 1 .,. ~c " 

---;>,..c' 

I +Y 

Figure I II. 6 

TOP VIEW - CAMERA AZIMUTH ANGLES 
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3.2 Making Plots 

The Schwinn Bicycle Graphics Program is all set up to make 
CALCOMP, HOUSTON, or LDX plots with only the Rtandard JCL catalogued procedures. 

3.3 Making Movies 

Generation of SPAYZ movies involves several special DD cards and 
careful attention to scheduling. Users are advised to interface with Harvey 
Selib and Ham Maynard, Department 4S for proper JCL and SPAYZ setup. 

3.4 Data Card Types (in sequence of appearance) 

The following 10 card types must bp present to get a picture or make 
a movie. There are two other card types that are optional. They are: (1) PRE
RUN CARDS, which allow you to "splice" in a previously run sequence of pictures, 
and (2) Cl~NGE CARDS, which allow you to change thinp,s like c.amera position 
parameters in the middle of a run. Details of the formats of these, as well as 
of the 10 basic card types are given in Section 4. 

1. 

2. 

3. 

4. 

5. 

6. 

IDENTIFICATION CARD 

INSTRUCTION CARD 

FI RST CA.'1ERA CARD 

SECOND CAMERA CARD 

BASIC DIMENSION CARD 

OBJECT DELETE CARDS 

gives a name to this partic~lar run. Slight 
variation nf this card terminates run. 

provides a lot of simulation type information, 
such as no. of frames per second, starting and 
ending times, etc. 

provides program with details on position of 
camera, if auto. pan and zoom is wanted, etc. 

If it is desired that the camera position 
parameters are to change by some increment 
each new frame, this card describes these 
increments. 

This card sends basic chassis dimensions to 
the program. 

Note that an object is any entity that is included 
in the picture (chassis, roadway, tree). If an 
object is already in storage, it can be removed 
by this card. 

Note: A blank card is used to specify if there are no more object delete 
cards. 

7. DB] ECT CARDS 

A. OBJECT TITLE CARDS Specify that the next group of cards 
represent some plottable object like 
a chassis or tree. 
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8. 

9. 

10. 

B. OBJECT SPECIFICATION CARDS Sequential list of points that are to 
be connected together to draw an object. 

Note: Each group of connected points in an object will have a modified 
object title card. A blank card indicates no more objects to be 
read in. 

SKIP CARDS 

PATTERN CARDS 

Occasionally you will want to process the first three 
runs on a dynamics tape and then jump to the last three 
runs on the tape; the skip cards allow you to skip 
around the tape this way. 

The pattern cards specify which of the aforementioned 
ob;ects are not to be moved, rotated, or translated 
by the dynamics tape (example: roadways, curbs, etc.). 

Note: A blank card means no more pattern cards. 

STOP CARD A modified form of the IDENTIFICATION CARD, this card 
ends the input deck. 

3.5 Things to Ignore 

1. This program constantly gives out SIN-COS argument diagnostics. 
They have no effect on the results and can be ignored. 

2. If the chassis moves out of the picture frame, divide check diagnostics 
are created. These can be ignored also. 

3. There is a subroutine called PLTSET in the program that is a dummy. 
I~nore its presence. 

4. INPUT DATA CARD DETAILS 

The following is a more complete description of the data cards for the 
Schwinn Bicycle Graphics Program. An example of each card is included. 
The FORTRAN names of the data as used in the program is shown in capital let ters 
(for those who wish to dig around in the source code). 

1. IDENTIFICATION CARD 

72 columns of optional script, 8 columns of integers, DENT, ITEST 
First 4 columns are important: ****. ------Read rest of card 

STOP terminates the program 
Note: If columns 5-8 have **** 
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(STOP --col 1-4), then the 
next card must have the number 
of frames in which THE END is 
printed (4 integers). 
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Example: 

Example: 

~:TOP"""" 

First card in the data deck: 

- :~·:...i;:" L"; I : ... ~. 

Last card in the data deck: 

II-1- )_~<=-~_ ~II8~~i1FJ_~i~'~~~II~~9 ~O.liil~! ~ __ ~[i5 ,6 21}-IT!~~3~~~--::itoT4,-'~t41l!aI495i} 51' 5~;~J ~4 5'> 5~ 58 5960jSi 62 Fl 6<l)C5 fi~9.JQ-li jJii.:: __ iS7hT}--'---;R~ 
.::> 

2. INSTRUCTION CARD 

Col. 1-6 
Col. 7-12 
Col. 13-18 
Col. 19-24 
Col. 25-30 
Col. 31-36 
Col. 37-42 

Col. 43-44 <' 

Col. 45-46 

Col. 47 

Col. 48 

Col. 49 

Col. 50 

Col. 51 

Width of picture frame 
Height of picture frame 
Time when movie sequence begins 
Time when movie sequence ends 
Time between movie frames 
Size of lettering on frames 
Time tolerance on matching frames 

-1 previously run sequence with previously 
used velocity and acceleration vectors. 

+1 

o 

{ 
~ 1 
'- 0 

{ 1 
0 

( 1 
~ 
l 0 

previously run sequence with a prerun 
card setting velocity and acceleration 
vectors. 

new sequence of vectors. 

Not used. 

Not used. 

Not used. 

print time of each frame 
do not print frame time 

new camera data will be read in 
no new camera data 

put all sequences on one frame (double 
exposure effect) 
one picture/frame 

WIDE 
HIGH 
TB 
TE 
DT 
STDISP 
EPST 

IPRUN 

LF 

ICAM 

IREP 
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3. 

Col. 52 

Col. 53-54 

Col. 55-56 

Col. 57-58 

Col. 59-60 

Col. 61-64 

Col. 65-68 

Col. 69-72 

Col. 73-74 

Col. 75-80 

Example: 

14.') H.1) '1." 

CAMERA CARDS 

{ 

draw a border 
no border 

I FRAME 

No. of trajectory tape (minus sign rewinds it). IT 

o 
1 

use old chassis 
use no chassis 
read in new chassis 

do nothing 
read in new basic dimensions 

no change card expected 
No. of test in which change card will 
be used 

ICRAS 

INIT 

Ie HANG 

no. of skip numbers that will be expected NSKIP 
default values will be used 

ignore previously specified backgrounds 
use previously specified backgrounds 

no title shots produced 
no. of frames that title is generated 

no. of characters in the title 

height of title characters 

IOBC 

IT IT 

NTIT 

STIT 

INSTRUCTION CARD 

.14 

(used only if ICAM ~ 0) 

(first camera card) 

Col. 1-4 

Col. 5-8 

Printing Parameter for diagnostics JCMSET 

1 focal point in cartesian coordinates 
2 focal point in polar coordinates 
3 automatic panning and zooming 
4 automatic panning only 
5 focal point in rectangular. parameters 

6 
7 

may vary JDCAM 
focal point in polar. parameters may change 
automatic panning. zooming. parameters not 
re-initiated 
automatic panning. parameters not re-initiated 
focal point in rectangular. parameters not 
re-initiated 
focal point in polar. parameters not 
re-initiated 
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Col. 9-12 

Col. 13-20 X-pos. 
Col. 21-28 Y-pos. 

picture printed as is 
vertical axis reversed 
horizontal axis reversed 
both axis reversed (normal mode to 
compensate for camera inversion) 

of camera 
of camera 

INVT 

Col. 29-36 Z-pos. of camera 

SCRAT(l) 
SCRAT (2) 
SCRAT(3) 
SCRAT (4) 
SCRAT(S) 
SCRAT (6) 
SCRAT (7) 

Co1. 37-44 user defined (see NOTE) 
Co 1. 4S-S2 user defined (see NOTE) 
Co1. S3-60 user defined (see NOTE) 
Co 1. 61-68 camera tilt angle 

NOTE: 

If JDCAM • 1,S or 9 
(focal point in rectangular 
coordinates) 

If JDCAM • 2, 6 or 10 
(focal point in polar 
coordinates) 

If JDCAM • 3, 7, 4 or 8 
(automatic panning and 
zooming) 

{ 

SCRAT(4) 
SCRAT(S) 
SCRAT(6) 
SCRAT (7) 

- X component of focal point 
- Y component of focal point 
- Z component of focal point 
- camera tilt angle 

{ 

SCRAT(4) - azimuth of camera's line-of-sight 
SCRAT(S) - elevation of camera's line-of-sight 
SCRAT(6) - focal length 
SCRAT(7) - camera tilt angle 

SCRAT(4) - distance from CG to picture edge 
(not used JDCAM • 4, 8) 

SCRAT(S) - distance from CG to center of 
picture 

SCRAT(6) - focal length (not used JDCAM • 3, 7) 
SCRAT(7) - camera tilt angle 

For JDCAM • S through 10, the SCRAT values are changed each frame by 
some increment described by entries on the second camera card. The law 
that increments these values (like camera XYZ position) is obscure and the 
user is advised to study the manual thoroughly. The second camera card 
and the varying camera parameters concept seems to be useful when the user 
wishes the camera to act like a "chase car", accelerating alongside the 
moving bicycle. 

(second camera card) 

Col. 1-12 
Co 1. (l2J+ 1) - (12J+8) 

J-l,7 

not used 

amount by which SCRAT(J) changes 
between frames 

Example: CAMERA CARDS 

31111, ~'50.0 '~.I)O 

SCRAT (J+7) 

r-;:; J '(1=,--' II '_' U -'~~@:.I,--!"~~"-'~ [21,~~~ 15:T @JIj-JI J~\JJ l4 J6\J? 31 J!_~142 44&516414814950 )ill 50iiili2-' 5960\6162636416516 6'~' 70 n 72173 141576171 7879801 

1. n. ~. O. n. ry. O. 
fI'.J:'T'-- i'uj~' _"-'1J~'-"~"T19 2}1-~J14115 26 1'- ~l'_iillJ_~~_ lfJ~J~j~ 42~' lfuD2iili~ fuJ 54 55 56157 51591 16162 6J ",1'5 66 67 r-hliDili~1O~7t-c71=7JC771'--'_~'--'76=71- 1879801 
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4. BASIC DIMENSION CARDS 

1st CARD 

Col. 1-8 
Col. 9-16 

2nd CARD 

Col. 1-10 
Col. 11-20 
Col. 21- 30 
Col. 31-40 
Col. 41-50 
Col. 51-60 
Col. 61- 70 
Col. 71-80 

3rd CARD 

Col. 1-10 
Col. 11-20 
Col. 21- 30 
Col. 31-40 

Col. 41-50 

Col. 51-60 

Col. 61-70 

Col. 71- 80 

4th CARD 

Col. 1-10 

Col. 11-20 
Col. 21- 30 
Col. 31-40 
Col. 41- 50 

Col. 51-60 

Col. 61- 70 

Col. 71- 80 

Caster angle (radians) 
Wheel size (inches) 

(All tie points in chassis coordinates) 

X-coordinate (torso to chassis tie point) 
Y-coordinate (torso to chassis tie point) 
Z-coordinate (torso to chassis tie point) 
Hunch angle (radians) 
X-coordinate (thigh to torso tie point-left) 
Y - coordinate (thigh to torso tie point-left) 
Z-coordinate (thigh to torso tie point-left) 
X-coordinate (thigh to torso tie point-right) 

CASTER 
WHSIZE 

XS 
YS 
ZS 
AH 
XZL 
YZL 
ZZL 
XZR 

(All tie points in chassis coordinates, unless noted) 

Y-coordinate (thigh to torso tie point-right) 
Z-coordinate (thigh to torso tie point-right) 
Half foot dis tance 
X-coordinate (pedal to calf tie point-left) 
pedal axis 
Y-coordinate (pedal to calf tie point-left) 
pedal axis 
Z-coordinate (pedal to calf tie point-left) 
pedal axis 
X-coordinate (pedal to calf tie point-right) 
pedal axis 
Y-coordinate (pedal to calf tie point-right) 
pedal axis 

(All tie points in torso axis coordinates, 
unless noted) 

Z-coordinate (pedal to calf tie fornt-right) 
pedal axis 
X-coordinate (neck-shoulder point) not used 
Y-coordinate (neck-shoulder point) not used 
Z-coordinate (neck-shoulder point) not used 
X-coordinate (upper arm-shoulder tie point
right) 
Y-coordinate (upper arm-shoulder tie point
righ t) 
Z-coordinate (upper arm-shoulder tie point
right) 
X-coordinate (upper arm-shoulder tie point
left) 

YZR 
ZZR 
HF 

XPL 

YPL 

ZPL 

XPR 

YPR 

ZPR 
XXN 
YYN 
ZZN 

XXSR 

YYSR 

ZZSR 

XXSL 
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5th CARD 

Col. 1-10 

Col. 11-20 

Col. 21-30 

Col. 31-40 

Col 41-50 

Col. 51-60 

Col. 61- 70 

Col. 71- 80 

6th CARD 

Col. 1-10 
Col. 11- 20 
Col. 21-30 
Col. 31-40 
Col. 41- 50 
Col. 51-60 
Col. 61- 70 
Col. 71- 80 

7th CARD 

Col. 1-10 
Col. 11- 20 
Col. 21- 30 

(All tie points in front fork axis coordinates, 
unless noted) 

Y-coordinate (upperarm to shoulder tie point
left) torso axis 
Z-coordinate (upperarm to shoulder tie point
left) torso axis 
X-coordinate (forearm to handlebar tie point
right) 
Y-coordinate (forearm to handlebar tie point
righ t) 
Z-coordinate (forearm to handlebar tie point
righ t) 
X-coordinate (forearm to handlebar tie point
left) 
Y-coordinate (forearm to handlebar tie point
left) 
Z-coordinate (forearm to handlebar tie point
left) 

(All tie points in chassis coordinates, 
unless noted) 

Length of thigh (in.) 
Length of calf (in.) 
Length of forearm (in.) 
Length of upperarm (in.) 
Arm pi t angle (radians) 
X-coordinate (pedal to chassis tie point) 
Y-coordinate (pedal to chassis tie point) 
Z-coordinate (pedal to chassis tie point) 

(All tie points in chassis coordinates) 

YYSL 

ZZSL 

XXHR 

YYHR 

ZZHR 

XXHL 

YYHL 

ZZHL 

THIGH 
CALF 
FA 
UA 
APIT 
XXP 
YYP 
ZZP 

X-coordinate (front fork to chassis tie point) XXF 
Y-coordinate (front fork to chassis tie point) YYF 
Z-coordinate (front fork to chassis tie point) ZZF 
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5. OBJECT DELETE CARDS 

Col. 1-8 

Col. 1-80 

name of previously read in object that is to be 
released from storage (don't use WHEEL, REAREND, 
CHASSIS) 

blank specifies no more object delete cards 

DAY 

Note: This feature is useful if you use a new instruction card, etc. and 
want to eliminate some object plotted in the first part of the run. 
Remember to include a blank card even if there are no object delete 
cards! 

6. OBJECT CARDS 

(object title card) 

Col. 1-8 

Col. 9-16 

Col. 17-24 
Col. 25-32 

title or name of object (blank implies no more 
cards) 

get new object title card 
X, Y, Z parameters coming up 
circle to be drawn coming 
circle's coordinates 

up 
rectangular 

No. of points for upcoming specifications 
identification 

TITL 

IT 

IN 
10 

(object specification card) (These points will be connected by lines) 
If IT - 2 There are IN triplets of points or IN/2 cards 

Col. 1-12 
Col. 13-24 
Col. 25-36 

X-coordinate 
Y-coordinate 
Z-coordinate 
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Col. 37-48 
Col. 49-60 
Col. 61-72 

X-coordinate 
Y-coordinate 
Z-coordinate 

DAT (J+3) 
DAT(J+4) 
DAT(J+5) 

(object specification cards) 

If IT ,. 3 or 4 (draws a circle) 

Col. 1-12 X-position of center of circle 
Col. 13-24 Y-position of center of circle 
Col. 25-36 Z-position of center of circle 
Col. 37-48 radius of circle 
Col. 49-56 azimuth of circle axis (degrees) 
Col. 57-64 elevation of circle axis (degrees) 
Col. 65-72 tilt of circle 

SCRAT (1) 
SCRAT(2) 
SCRAT(3) 
SCRAT (4) 
SCRAT(5) 
SCRAT(6) 
SCRAT(7) 

If the same object is not completely specified by the above title and 
specs, then an object type card followed by new spec. cards may be used. 

(object type cards) 

Col. 1-8 
Col. 9-16 
Col. 17-24 

Notes: 

blank 
same IT as on title card 
same IN as on title card 

IT 
IN 

(1) Object specification cards define points that are to be connected 
together. Use object type cards to break up object into distinct 
line segments. 

(2) Last card in any object is an object type card with a 1 in columns 
9-16. 

(3) Don't forget a blank card to indicate that there are no more object 
decks to be read in. 

Example: A SIMPLE OBJ ECT 

-'300. c:' '1. -1. '51) • '50. -1. 
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7. 

8. 

SKIP CARDS No. of skip entries -NSKIP 

Col. 1-4 No. of consecutive runs to be skipped 
Col. 5-8 No. of consecutive runs to be processed 
Col. 9-12 No. of consecutive runs to be skipped 
Col. 13-16 No. of consecutive runs to be processed 

Etc. 

default: no skips, 1 mi Uion runs processed. 

Exam~le: SKIP CARD (Processes the first run only on the dynamics tape) 

n t 

PATTERN CARDS (Those objects that are to remain stationary during the run) 

Col. 1-4 Pattern number J 
Col. 5-8 Leave blank 
Col. 9-16 Name of object to be printed on film PATIN 
Col. 17-20 Leave blank 
Col. 21-28 X-position of object in pattern POSIN(l) 
Col. 29-36 Y-position of object in pattern POSIN(2) 
Col. 37-44 Z-position of object in pattern POSIN(3) 
Col. 45-52 Euler angle phi POSIN(4) 
Col. 53-60 Euler angle theta POSIN(S) 
Col. 61-68 Euler angle psi POSIN(6) 

Notes: 

(1) If you don't use these pattern cards, then every object will undergo 
the same gyrations and maneuvers as the bicycle. 

(2) The POSIN values allow you, if desired, to plot an object several 
times at different locations. 

(3) Don't forget a blank card to indicate no more pattern cards. 

Exam~le: PATTERN CARDS 

[!.::::u ,1, b"-: :lIT 'U i:: [ii-'.'J.liililji-iJ20jm,-'l1'j21 lS"~~i1i1!ii-:;-)\jili13! 39 40i4i41i3#['546 41 481'950 \: 52b] ~. 51 ;S151 5159 601s, 626J6'fu5 6667 6FiDi 72173 " "-i n;ln 7! 7' &01 

"3 P1]A~1 

[' __ 1_ ,---Di s-,- & [f'o : ~_'~""""iDilli22":1 i,m"z6 2' 111293031 32133 iil5iiliiJ8Tg,Ql4, 41 '3 4414H6 47 41149 ~ \4 55 ;S151 58 5160Is, 6263 S4§5 66 6/ si~ 71 72113 " 15 IIln_1IiUhl 

4 R!]Atl:'? 
['L.'- .1, '7sFio G""~li~1C]li1)iJ-'!f, 16 27 28129 10 3' 321JJ 34 35 3~CI '2 .34!B5"46 ';7:!8jis,oslYE" 55 ;s151 5159,01&, 6263 .. I" 6' 67.1I1...7'Jilii~'15.~In 787.aij 

'5 R'J~n'3 
f1 ,-j<I;S-'BTilo f'J14 ii-i6j1i Isi!T0j2i:'ilj"i4]"isi52iiifi9:oJ.J'ljJ" 35 JGI 1919-40['14243.4]454"6'748149;05' 5,b' ~4 \556157 58 596016' 626364165 £6 6l68)69-io/i-7W3" 15 76ln 71 7' iO] 
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The preceding cards are enough to run an elementary job with the 
Schwinn Bicycle Graphics Program. The last card in the i~put deck should be the 
STOP CARD, described with the IDENTIFICATION CARD. 

There are two other card types, as yet untried by this author, that 
will be described below. They are not necessary to obtain a picture, but are 
optionally used for more complex movie generation. 

PRE-RUN CARD if IPRUN 0 

Col. 1-8 vehicle velocity with respect to fixed axis V(l) 
Col. 9-16 vehicle velocity with respect to fixed axis V(2) 
Col. 17-24 vehicle velocity with respect to fixed axis V(3) 
Col. 25-32 acceleration component A(l) 
Col. 33-40 acceleration component A(2) 
Col. 41-48 acceleration component A(3) 

Notes on PRE- RUN CARD: 

The Pre-Run feature seems to allow the user to generate simple motion 
of chassis prior to the run from the dynamics tape. For example, if the 
dynamics tape has the chassis crossing a bridge, the PRE-RUN CARD can be 
used to simulate the approach to the bridge (even though that isn't on the 
tape). It is not clear what is the starting time of the Pre-Run sequence, 
but it is believed to be from 0 seconds to TB seconds. 

CHANGE CARDS (only if 1CHANG"O) 

(first change card) 

Col. 1-6 time new sequence begins TB 
Col. 7-12 time new sequence ends TE 

Col. 13-18 
( 1 new time increment between frames TQ \2 retain old time increment 

Col. 19-22 \ 0 read no new camera cards I CAM ""\ 1 read new set of camera cards l. 

Col. 23-26 No. of frames used/subtitle printed JTIT 

Col. 27-30 .J. 0 not expecting another set of change cards I CHANG 
\. 1 new set of change cards expected 

Col. 31-34 No. of lines of subtitles to be read NOLINE 
Col. 35-38 same as previously described IPRUN 

r -1 

{ +~ 
draw sequence in same frame (double exposure) 
no double exposure IREP 
double exposure in a different frame 

Col. 39-42 

Col. 43-46 
\ -1 

" 0 
( 1 

delete front end 
no change 
draw front end 

IFR 
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Col. 47-50 

Col. 51-54 

delete C.G. point 
no change 
draw C.G. point 

delete printing of frame time 
print frame time 

(second change card) SUBTITLE CARDS 

Col. 1-4 
Col. 5-12 
Col. 13-20 
Col. 21-28 
Col. 29-76 

(third change 

PATTERN CARDS 

(fourth change 

blank card to 

(fifth change 

CAMERA CHANGE 

No. of letters on subtitle 
X-position of starting point 
Y-position of starting point 
size of printed text 
characters or text to be printed 

card) 

card) 

indicate no more pattern cards 

card) 

CARDS 

(sixth change card) 

PRE-RUN CARD (if applicable) 

Notes on CHANGE CARDS 

lCG 

LF 

NOLET 
XL 
YL 
SL 
VERB 

CHANGE CARDS are used to change some simulation parameters during a 
run, such as switching to automatic panning or adding subtitles to a group 
of frames. It is worthy to note that a new identification card with assoc
iated data input deck can be processed also. This allows one continuous 
movie to be made from two tapes, etc. 
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Appendix IV 

BICYCLE GRAPHICS PROGRAM LISTING 
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( us 
C 
c 
C 
C 
C 
C 

C 

SCHwIN~ BICYCLE G~APHIC~ PROGRA~ (MAIN) 

DEVELOPED BY CnR"<HL MRr~Nt.UTICAL LARORATOt<'Y 
p.rl. b(l)( 2~') 

BUFfAlll, "IE" Yl!<K 14Z?1 

COM~UN ICUMDAT/L(NGTH,NEXT,OAT( 1q99RI 
DIMENSILlN JCHAS(6111,S(RATI141 
E~UIVALfNCE: IJCHASll',OATI111 
(CMMON/COMFRM/DUM(301,TANGLE,JE'ULfR 
E IolU I V ALE: N CE I X M, 0 UM ( 12 I I , I Y '1, DU M ( 13 1 I , ( F H I (";H, ou M ( 9 I I , (CLN, DUM I 16) I 
CO'1MnN/COMWHL IWHFEL ( 1751 
COM~nN ICOMFRA/IFRAME 
C n "1"1 ON IV]M SC R I L 5C R ,NOL [" T ( 12 ) • l( L ( I 2 I ,Y L I 12 ) , S L ( 12 I , V FP f3 ( 12, 12 I , 

IPOSINI61,OUMSCR(21 
COMMON/CUMTRK/IoICONI161,TWIOE,nOT 
[) 1M ENS I L) "I jljC ( 3 ,41 , I WC ( 41 , J IoIC ( 4 I 
o I "I ENS 10 N A ( 3, 3 I , RJ I l, -~ ) , r. I '3, 3 I , A 8 I 5 I , 1\ C I ') 1 
[1 I ME N S I IJ NTH ( 3 , 3) ,C r I -i , 3 I , F T ( "3 ,i I , T L I 3 , 3 I , T U AI' 3, 3 I , T lJ A I "3, '3 I , 

1 F A 1 I 3, 3 I , TF A I 3, 31 
E: ~U I V ALE til C E I 101 C , 101 CfJN I , I J \OJ C , \01 C rJN I 1 3 I ) 
REAL*S TIME,CTIMf2,TODAy,OAy,PATFRNI501,PATIN,CTIME 
REAL*S f1LANK/' '1,I=NOG/'THf FND 'I 
RfAL*8 uI'IHEEl/'WH(El '/,UCHAS/'CHASIS 'I,ORrAR/'f<fAkEND 'I 
RfAl*4 LAMBDA,MHU,NHU 
RfAL*H OFFORK/'FTFORK 'I,OPFDAL/'PEDALS 'I 
REAL*8 ORTHGH/'RTHIGH 'I, nLTHGH/'LTHIGH 'I 
RE:AL*/3 ,JkCALF/';{CALF 'I, OLCALF/'LChLF 'I 
REAL*8 ORFOOT/'RFODT 'I, IlLFQOT/'LfrflT 'I 
REAL*8 QTORSO/'TORSQ 'I 
kFAL*8 OkUA/'RUA~M 'I, ULUA/'LUAMM 'I 
REAL*tl URFM'RFARM 'I, OLFA/'LFAftM 'I 
REAL DFNTC181,TIrLET~61, VARO(14),CAM(71,CAMII141 

1,PI2/1.5708/,STOP/4HST1P I,STA~T/4H**** I,CAMB(21,PCSI6,50) 
2 ,\oIR~TI41,XOLDI41,YJLDI41,TWDPI/6.2831AI 
INT~GFR NSKI 1001,1 TllLD/-21,ICINT/l/, IPAT/O/, IOtiJ/O/, 10CAMI)I, 

1 LTIME'X/SOO/, ICSKP/O/.ITLlU1A/-1I,JtTPLT/OI 
crMMDN ICOMRUNI VARI141,VARNII4),IPRUN 
EQUIVALENCE (VAR(I',TI ,IVAR(2) ,XI ,IVARI31,YI, IVAR(4),l', 

1 I V AR ( 5 I, PHI I, I V AR 16 I , T HF T A ) , I V AR I 71 ,P S I I , ( V AR I R 1 ,DE L T A 1 I , 
? I VA R I 9 I ,D E L T A2 I , I V A R I 1:) I ,[) r L T A 3 I , I V A R I 11 ), ROL L I , (V AR ( 12 I, S T F f R 1 , 
3 (VARI131,CAMBI11',ISCq,AT(1',VERfill,11),(T<),VARNI11) 

C OIAr;NOSTIC SWITCHES 

C 

UIMMON/C(J"1TST II TE ST( SI 
I~TEGFR*2 ITEST,IHUB 
E.lU I VA L ~ NCE I I HU ~, I TF S T I I 1 ) 

CALL ERRSETl2C<),lCO,3,21 
CALL PLnTERlll 
CALL lJATf: I TODAY) 
TIME = CTIME 101 
I ANGLE = 0 
JEULFR=Q 

C IDFNTIFICATIO~ CARD 
1 MEAn Z,JENT,ITEST 
2 FURMAT (1BA4, Sill 

IF IJ~rpLT.NF.OI GO TO 2009 
L PE N = I TE S T( 21 
CALL PLTSETILPFNI 
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JU-PLT=l 
If- ILPE"J.FQ.5) JE-FPLT=2 

2009 IF (OC:t-.TIl).r..LSTlPIG:J TO IDOO 
I F I [C S K P • E :J. 0 I G [1 T (] ? n C ':) 
PRINT 2004,ICSKP 

2004 FORMAT ('0',1':),' INPUT CARDS [GNIIREfl.'1 
ICSKP =0 

200~ CUNTINUF-
P R [N T 3, n E NT , IT EST, HID A V, T I .., F 
IF IDFf\oTI21.NLSTI\f.'TI G(I H1 2n"3 
READ l'J,JTIT 
A S A = IlU MIl It-I. 0 
PR[NT 2001,JT[T,ASA 

2001 F,lRt-IAT ('OTHE E:t-.jn IN',(4,' FRA"1fS STAPTIN', IoITH FRAME',F-LOI 
DO 200? J =l,JTIT 

2002 
2003 

1000 

1001 

CALL f-RAME 
CALL SV~BOLIXM-C.2,Y"1-.l,O.5,O,O.0,11 
CALL SV"IBOLIXM-O.3,V"I+1.0,a.2R,lNOG,0.O,1) 
C'JNTINUE 
CALL EFPLOTIJFf-PLT) 
STOP 
IFI[)E~T(ll.EQ.START) GIl TO 10('il 
I(SKI>= ICSKPt-l 
Gn TO I 
IF IICSKP.NE.0) PRINT Z004,ICSKP 
ICSKP=0 
PKINT 3,OENT,ITEST,TOOAV,TIMF 

3 FORMAT l'I',lBA4,811,5X,AA,5x,AR/'nS\ln Mr)VIE PROGI<AM,CURNFLL AFRON 
lAUTICAL LA'30RATCRV, FE£', 10." 

C INSTP. CARD 
10 REAO 11,~IDE,HIGH,TB,TF,DT,STDISP,EPST,IPRUN,IFR,ICG, 

X ITRK,LF, ICAM,IREP, IFRAMf, IT, 
I ICHAS,IN[T,ICHANG,NSKIP,I!I!1C,fTIT,NTlT,STIT 

11 F!lRt-IAT I1Fh.O, 212,h[I,4IZ,314,IZ,F6.0) 
T=TS 
STDISW = O.4+4.0*STDISP 
IF (WlIJE.GT.OI CALL FR~MSllwIDE,HIG~1 
WOl(]'" -= AMIN1(X"1,YMI/25.4 
IF I ITIT.LF.OI GU Tn 1114 
IFINTIT.LE.O ) NTIT =12 
IFIST[T.LE-.O.01 ST[T =0.28 

I 101 M T IT -= ( 80- N TI TI I 8 
J -=(80+NT[TI/Z -4*MTIT 
SCAL -= STIT+5T[T 

1112 ASA =f~IGH - 14.0*SCAL 
IF (ASA.GT.o.nl GO Tn 1113 
SCAL = SCAL- 0.01 
G'J Tn 1112 

1113 veAL -= (flSA+SCflLlI2.0 
V~ATE- YCAL + 3.0*SCAL 
VTITA = YDATE+SCAl 
YT[Ta = YTITA+SCAL 
XCAL=X~-5CAL/2.0 

1110 XT[T-=X~-FLOATINT!TI*O.4i*STIT 
IF IXTIT.GT.O.OI G~ TU 1111 
STIT = STIT*0.9 
GC Tn 1110 

llll Cn~TINUE 

XDATE= XM-3.44*STIT 
NT IT = J 

1114 PI{INT12,wl'[,HIGH,TP"F,r,r,Sll1[SP,t:-PST, If-R, leG,ICAM, [R[p,lrRA~E, IT 
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1 , I C HA S, I NIT, I C HA '\I G, N SKI P , r 08 C , I TIT, N TIT, C; T [ T, I P I{ UN, L F , I T RK 
12 FORMAT ('OINSTRUCTION Chk0'1 'wiDE HIGH T~ TE DT STnlS 

1P EPST IFR ICG IC~'" IREP IFI{AME IT ICH"S IN!T ICHANG N~ 
2KIP IOBC !TIT NTH ST!T'llX,7Fh.3,?I4,2I<i,911,Fl.31 
3' IPRU~ = ',13,', Lf'=',13,', ITRK =',131 

IF( IT 11102,1201,1103 
1201 PRINT 1202 
1202 FOR~AT I'ONO INPUT TAPF SPECIF(~D.'I 

GO TO 2003 
1102 IT = -[T 

Rt: loll NO IT 
!TOLDA =-2 
GO TO 1104 

1103 IF ([T:JLO.EQ.IT) GO Tal 
1104 !TOLD =-1 
13 IF (ICAI-1.EQ.O) GO TO 17 
C 

C 

14 NC AM = 0 
1401 Rt:~1) 15, JCMSET,JOCAM,INVT,SCRAT 

15 FO><~~TI314,7F8.01l?X,8r8.01 
IF IJOCAM.GT.21 GO TO 1410 

1402 00 1403 J=I,7 
CA~( J 1 " SCRATI JI 
CAMIIJI = SCRATIJI 

1403 CAl'll I J+-71 = 0.0 
ICMSET = JCMSET*2+-JOCA~ 
I DCAM = JOCAM 
CALL CAMSETICAM,ICMSET,INVTI 
TACAIII " TB 
GLJ TO 1435 

1410 IFI JOCAM.L T. 71 GO Trl 142C 
ASB = TB -THCA'" 

1412 00 1414 J=I,7 
CAMIIJI = CAMIIJI+ASA*CAMIIJ+71 

1414 CA'''1IIJ+71 = S(RATlJ+71 
IDCA"'1 = JDCAM-4 
GrJ T1 1425 

1420 DO 1422 J=1,14 
1 422 C MlI I J 1 = SC RAT( J I 

I!1CA"1=JUCAM 
1425 TtiCM1 = TB 
1430 ICMSET = 2*JCMSET+-2-MOJIJOCAM,21 
1435 C()NTINUE 

PRINT 16,JCMSET,JDCAM,INVT,CAMI,TRCAM 

CAMERA CARDS 

16 FORMAT I'OCAMERA CARDS, IOo1S~T IDCAM (WT X Y 
1 l XF/Al YF/EL lr/FL TI T1~E-CHA"'4GF' 
2 115X,316,7FI0.3/' Q[LTA VALUES',17X,HFI0.31 

IF((JOCAM.GT.OI.AND.IJrJCAM.LT.llll GC TO 1602 
PRINT 1601 

1601 FI)RM~T ('OILLFGAL CAI'IF>{A SET.'I 
GO TO 2003 

1602 IF (NCAM.NE.OI GO Tn 145 
C ~ASIC nT~ C~RD 
C 
C 
C Nt:-w I:lASIC DIMENSION CARl) F()R BICYCLE (CASTel< ANGLE,lo/HHL SIZEI 
C 

17 READ 16'3,CASTER,WHSllF 
1601 FuRMAT(2F8.01 
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19 wEAO 1~04, XS,YS,lS,AH,XIl,Yll,lll,XZR,VlW,ZZq, 
1HF,XPl,VPl,lPl,XPk,VP~,lPR,XX~,yy~,lZN, 
2XXSK,YYSK,ZZSR,XXSl,YYSl,llSl,XXH~,YYH~,llHR,XXHl, 
1YYHl,llHl,THIGH,CAlF,F~,UA,AP'T,XXP,yyp,zzp,XXr,YYF" l~ 

1604 FflKMATIHHO.O) 
C 
C 
C 1~[TIAl'lf BICYCLF PAHAMETE~S. 
C 

c 
c 
C 
1101 
1102 

1103 
1104 
1105 

1106 
18 

1801 
C 
1803 

20 

c 

O"1E:GA=O. 
OIST=O. 
XOLDX=C. 
VOL DX= O. 
ZOLOX=O. 

READ 1702,DAY 
FORMAT (9A81 
IF (OAY.E:;).HlANK) GO P1 1706 
PRINT 1703 
FllRMAl ('OOHJECTS DFLE-TFD.') 
PRINT 170,,>,OAY 
FUK"IAT t~x,AR) 

CALL OlTIJHJIOAY) 
READ 1702,DAY 
IF (DAY.NE.HLA"lK) GO Tn 1704 
CONTINUE 
IF (ICHA5.lE.O) GO Tn lROl 
I(PH =0 
CALL OlTOBJlnCHAS) 
IFIIOPC.NE.O) IORJ=0 

CALL OBJ INP 
IF (NSKIP.GT.O) GO Tn 71 
NSK(1) =0 
NSK (? I = 100000 
NSKIP = 2 
GO TO 24 

21 R f:: AD 22, I NSK I J) , J= 1 ,NS K , P) 
22 f-URMAT (1614) 

PRINT ?.3,(NSK(J),J=1,NSKIP) 
23 FORMAT t'OSKIP N(JS.',1615/(10X,l6IS)) 
24 CONTINUE 

C 
2401 
2402 

2403 

KPoHN =1 

READ 2402,J,PATIN,POSIN 
FuRMAT (I4,4X,A3,4X,6F8.2) 
IF IJI 24'13,24)9.240"> 
J = -J 
IF (J.r,T.IcgJ) G'] Hl 2408 
PWINT 2404,J,PATERN(J) 

Ui3JECT Df'LETE CAROl')) 

IJ'3JECT CARDS 

SKIP CAROlS) 

P'HT[RN CARn(S) 

2404 FOk"1l\T l'O[)fLETED PATTEKN NLJ.',I4,4X,AR) 
PATERNtJI= RLANK 

7405 

IF IJ.fl,j.In~J) lC1HJ = IGhJ-1 
GO TI] 2401 
IF (J.GT.'JOI Gll TO ?40fl 
PATERN(J)=PAllN 
DO 240b K=ld 
P1S(K+~,J)=pnSINIK+3)*crlN 
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£1406 P;)S(K,JI:: PUSINIKI 
PRINT 2407,J,PATIN,POSII'< 

2407 FORMAT l'OINPUT PATTERN'.I4,4X,f18,6F12.31 
IF (J.GT.IOBJI IOBJ:: J 
GU TO 24U1 

2408 P~INT 2~Oql,J 

24091 FURMAT ('OPATTER~ IGNORFD FOR J ::',(4) 
GO TO 2401 

24C9 IF (KPATN.NE.lI GO TO 13901 
2410 CONTINUE 

IF (I TClLDA. Nf:. IT 1 NRUN::() 
Oll 400 JSK!P::l,NSKIP,? 
IF INSKIJSKIPI.LE.O) GO TO 27 
LOOP>:: NSK(JSKIP) 
no 26 J::l,lOOP 
RFAD (IT,fND::3501 

25 READ (I r,END=350) T9 
IF 1 T.GT.I-Q99.01IGU TO 25 

26 CeNT INtJf: 
N~UN = ~RUN+lCOP 

27 LOOP = NSKIJSKIP+ll 
DC 400 JRUN=l,lOOP 
NRUN "IRUN+ 1 
1101 = 

C STATIC PARA~ETFRS 
READ C1f,ENr)::350) T1TLf,[)AY 
PRINT 28,DAV,TITLE 

28 FlJRMAT ('O',A8tlOX.l8A41 
DO 2ROI J::l,4 

2801 IoIROT(JI=O.O 
IFIITRK.NE.OJ CALL TRKSET 
TF 2 :: TF 12.0 
JPf{UN=O 

29 If- (lCINT.EQ.OI GO TO 2903 
IF (ICHAS.EQ.OI GO TO 2903 
CALL BLDCHS 

2903 cnNTINUE 
CAL L C ['-I. C L FlO. 0 , T W [ DE, ('I. 0, R W , 9 ('. C , O. 0 , 0 • 0 , WH F F l 1 22 I , 24 I 
JT IT = IT IT 

35 CONTINUF 
40 IF (JTlr.LF.OI GO TO 4101 

4001 

901 

Q02 

41 
4101 
C 
100 

110 

ASA :: OUMlll+1.0 
PRINT 4001,JTIT,ASA 
FORI4AT ('OTITlE BLOCK IN',l4,' FRAMES STARTING IN FRAME NC.',F7.0) 
no 41 J=l,JTIT 
CALL FR AME 
IF (IXCAL.LE.O.OI.OR.(VCAL.LLn.OI) GO TO 9Cl 

CALL 5VMBOlIXCAl,VCAL,SCAL,C,0.C,11 
CALL SVI4BOL( XDATE,VOATf,STI T,8hY,0.O,AI 
I F (X TIT. L E .1) .0 I GO TO 4 1 
IF (VTITA.LE.O.OI GO TO 902 
CALL SVl4fHIL( XTIT,VTlTA,STIT,TITLf(MTIT+lHI ,O.O,NTIT) 
I F (V TIT B • L E .0 .0 1 Gll TO 4 I 
CALL SVI4BOL(XTIT,YTITB,STIT,TITLE(MTIT 
CONTINUE 
IF (TR.GT.TEIGO TLJ 135 

I,O.O,NTITI 

DVNA~IC PARAMETEKS 
T=TB 
READ (IT,END=3491 VARN 
Ir (VA~N(11.LE.(-99q.OII 
JPkUN::JPRUN+l 

GCl TO~60 
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11001 ASA = T-VARN(lI 
ASA = SIGN( 1.0,ASA) 
IF (ABS(A')A).GE.EPST) G'l TCl lIOn 
ASB=O.O 

11002 IF((IPKUN.LT.OI.AND.(IHK."<E.O}) CALL PtJ,IJNRS 
I PRUN=.) 

I \oj =-1 PI 

GLl Tll Lil 
11003 If(AS~.GT.O.O) GO TO 11002 

1F«(PRUN.[Q.OI GnTD 11:)04 

C PRERUN CAPO (~HF~ APPLICARLE) 
CALL Pf<ERUN 

IF (ITt<K.Nf.OI CALL TRKIN 
G() TO 116 

ll004 CCNTINUE: 
IF (IW.LEoO) GO TO 114 
T = T+[)T 
GO TO 11001 

III D0 112 J=1,14 
112 VARlJ(JI = VARN(JI 

IF(ITRK.NE.OICALL TRKIN 
IF (ASB.NE.O.O ) Gll T'l 110 
DO 113 J=2tl4 

113 VA~(JI = VA~N(JI 
GO Tn 116 

114 DINT = IT-VARnlll1/(VMNI1I-VARf11111 
no 11'> J=2d4 

115 VAR(JI = VAR8IJ)+DINT*IVARNeJ)-VAROIJ») 
116 CO\lTINUE 

12210 IF I [rlCAM.LE.21 GO TD 12722 
ASA = T-TBCAM 
on 1'22 12 J = 1 , 1 

12212 CA."I(JI = CAM[(J)+ASA*CAMIeJ+7) 
IF (ILlCAM-41 lZ214, 1221~, 12218 

C AUTn lOO~ ANn PAN 
12Z14 CA~CJN WDlOM/(wDlO~+Ch~(41 1 

CAMI 6) CM~CON*(CAI"I( 51-CA"'l( 311 +CAM( 31 
CAM(S) CAMCON*(VAR(3)-CAM( ZII+CAM(21 
CA~(41 CAMCON*(VAR(Z)-CAMlll)+CAM(I) 
GO TO 12220 

C 
1221c CAMcnN = CAMISI-CAM(3) 

ASX VAI{(ZI-CAMIII 
ASY = VAR(3)-CAMI2) 
ASl = SuRT(ASX**2+ASV**Z) 
CA~(41 = ATAN21 ASY,ASX)/[)UMI 16) 
CA"I(5} = HAN?(CAMcnN,ASl)/DUM(16) 
Gel Tn 12220 

AUTn PAN 

C SPECIFIED PAN. AND lCOM 
12218 CONTINUE 
12220 CALL CA~SET(CAM,ICMSFT,[NVT) 
12222 CUNT INUF-

IF IIREP.LI.O) GO Tn 12201 
CALL FRAME 
IF ISTIlISP.LE.O.O) Gn Til 12201 
CALL SY"IBnL eC.2,0.Z,STDISP,'SEC.','J.0,41 
CAll NU"IRER(STnrSQ, O.2,ST[)(SP,T,().Odl 

lZZ\) 1 A~X -B 
A.SY =: -KHO*SIN(RClLl 
A~Z = lK+qHo*coseROLL)+OFL TA3 
lRT =0 
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c 
C CALCJL,",HD OISTMKE T~AVf-LEn.SPHD.wHfFL t\f\;I) PfOAL PUTATION 
C 

C 
C 

11 00 DIS T:: A fj S ( SOR T I I ( XClL OX -v A RN ( ? I 1**2 1+( (VeL nl( -v ARN I 3 I ) ** 21 + 
11 (Z1]LDX-VARN(41 1**2) II 

XULDX=VARN(?I 
VULJX::VAk~( 31 
lOLDX::VARN(4) 
OMeGA = -.3*DIST/wHSIZE + ll"1EGA 
AL :: RJLL 

( LOAnING OF BOD V AXIS TO INERTIAL AXIS TRANSFO~MATION MATRIX. 
C 

C 

Z101 A( 1. 1 )=COS(P511*cn5(THE-TAI 
A ( 1 .2) ::- SIN ( PSI I * CO 5 (P HI) + C n 5 ( PSI) * 5 I N I r HFT A) *5 I N I PH I I 
A ( 1. 3 1 = COS IPS I I * SIN ( T H f T A 1* COS ( PHI I + 5 I N { PSI I * SIN ( PI-' I I 
A{2.11=SINIP511*C05{THFTA) 
A ( Z. 2) =CO SIP 5 I ) *C 0 5 I PH I I +5 I ~ IPS I 1*5 I t-. I T HEr A 1 *S I N I PH I I 
A I Z, 3 1= - CfJS IPS I 1* SIN { PH I 1+ SIN { P 51 I *S IN { TH ETA I *C 0 S { PH I I 
r. { 3 .1 I =- SIN ( T I-' [TA I 
AI3.21=COS{THETAI*SIN(PHII 
A( 3.31=COS(THFTA)*Cf'SIPHI) 

C LUAu IN F~ONT FORK TRAN5F()RMATIClt-.. ~ATRIX 
C 

C 

2102 R J ( 1 .1 ):: C C 5 I CAS IF R I *CCl5 1ST E ER ) 
BJIl.2)::-r.OS(CASTER)*SIN(STfFR) 
BJIl,3)=SINICA5TF~) 

LJ(Z,I)=5INI5TFFR) 
RJI 2.2)=(OSI STEEf{) 
RJIZ.31=0. 
H J ( 3 tl 1=- SIN I CAS TER I *cns 1ST HR ) 
8 J I 3. 2 I = SIN I CAS Tf: R 1 * SIN ( S TFE R I 
BJ 13.3 )=COS I CAS TfR I 

C Lf'AD IN PFDAL AXIS TRANSFORMATI(JN MATRIX 
C 

2103 

Z104 
C 
C 
C 
C 
C 
C 

c 
C 
C 

2105 

CI 1.1 )=CUS(OMFGAI 
C( 1.21=0. 
(1.31= 5INIOMFGA) 
C ( Z , 1 I =0. 
C(Z,ZI=I. 
C(2,31=0. 
C13.11 = -5INIOMFGAI 
C( 3.21=0. 
C(3.31=C05IGMEGAI 
CALL ORJE-CT(OCIiAS .X,V,Z,PHI.THETA,PSII 

TRA~SFOIPIATIUN AND PLOTTING OF FRCJNT FrJRt< STHRING AXIS. 

DFTERMINATION nF CF~TFR OF FRfJNT-FnRK AXIS IN INE-RTIAL SPACF. 

XFFA 
YFFA 
lFFA 

A(I.lI*XXF + AIltZl*VYF + All,3I*ZZF + X 
A(Z,l)*l(XF + A(Z,21*VYF + AI2,3)*ZlF + Y 
A(3t!)*XXF + AI3,21*VVF + All,31*ZlF + l 

DETEq~INAT(UN O~ I~ERTIAl EULER A~GL(S Fnp, THf FRONT-FORK Al(I~. 

2106 CALL EUL~~(A,BJ,THE-TAF,PH(F,PS(FI 
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C 
C 
C 

DRAw THE FRONT-FO~K STEER AXIS SYSTFM 

2108 
C 

CAll U3JfCTI[)FFrJRK,XrFA,VFFA,IFl-fl,PHIF,Tfj[TAF,PSIF) 

C 
( 

C 
C 
( 

C 

c 
c 
C 

2109 

TI{"NSF[)~MATION ANO Pl~HTINr. OF Pff)AL AXIS. 

DFTERMI~AT[ON OF (ENTFR Of PEDAL AXIS. 

XPA All,lI*XXP + A(I,n.yyp + All,3).llP + X 
YPA AI2,lI*XXP + AI2,21.YYP + A(2,3).llP + V 
lPA AI3,1I*XXP + A13,2l*YVP + AI3,3).lIP + Z 

DETFR~[NATION OF INFRTIAL FULfR ANGLfS FrR PEDAL AXIS 

2110 ClLl EULERIA,C,THETAP,PHIP,PSIP) 
C 
C DRAw THf PEDAL AXIS SYSTEM 
C 

2112 CALL O~JfCTIOPEDAL ,XPA,VPA,lPA,PHIP,THETAP,PSIP) 
( 

( 

C 
C PLOT THE RIDER LEAN A(TION 
( 

C 
C 
( 

( 

( 

TLll,l1 COSIAHI 
Hll,21 SINIAHI.SINIAL) 
TLll,31 -SINIAHI.COSIAll 
TL12,l1 O. 
TLl2,21 COStAl) 
TLl2,31 O. 
TLl3,l1 = SINIAI-q 
T L I 3, 21 -C 0 S I A HI. S I III I ALI 
TLI""3,3) COS(A~I.(OSIAL) 

XXS= All,l).XS + All,21*YS + All,3I*ZS + X 

VYS= fI(2,l)*X$ + AI1,21*VS + AI2,3I.ZS + V 
II S = AI""3, 1 I. X S + A I 3,2 ) *v S + A I 3, ""3 ) * l S + l 
CALL tULER(A,TL,THETAL,PHIL,PSILI 
CALL OBJECTIOTORSO,XXS,VYS,ZZS,PHll,THfTAL,PSIL) 

PLACE~ENT AND PLOTTING OF LEGS 

KUUNT -= 1 

( CALCULATION nF POINT X I~ (HASSIS (OOROINATES 
( 

1500 GO TJ (1605,1606) ,KOUNT 
1605 XX (nSIOMEGAI*XPl + SINIOMEGA)*IPl + XXP 

VX -= VPL + YYP 
ZX = -SINIO"1EGAI*XPl + C(1SIOMF-GA)*IPL + llP 
GC TO 1607 

1606 XX = CrSIOMFGAI.XPR + SINIOMFGAI*IPR + xxr 
Y X = YPR + YYP 

IX = -SINIO~EGAI*XPR + cnS(OMEGAI*ZPR • ZIP 
1607 CONTINUE 

( 

C CAlCULATICN OF POINT Y IN (HASSIS COORDINATES 
( 
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C 

1610 GO TO (lbl1,161ZI,KOUNT 
1611 ATOE = -.Z5*COSIOMEGAI 

GO f(] 1613 
16 1 2 AT 0 E = • Z ') *C 0 SID t-1 EGA I 
1611 CONTINUE 

XY = XX CUSIATOEI*HF 
YY = YX 
LY = LX - SINIATOEI*HF 

C CALCULATION OF PIJlNT Q IN CHASSIS Cfl(lRDI'IIATES 
C 

1620 G:J TO (1621,1622 I ,KOUNT 
1621 OIY=SORTI IXlL-XYI*IXIL-XYI+IYlL-YVI*IYIL-YVI+IlIL-IYI*IIIL-IYII 

AA = ATAN21IXV-XLLI,IIY-llLI I 
p = .5*IOLY+THIGH+CALF' 
R = SOkT((IP-DlYI*IP-THIGHI*IP-CALFIIIPI 
ACJ = 2.*ATAN21~,P-CALFI 
AD = 2.*ATAN21~,P-THIGHI 
ABJ= 1.5707-AA 
AACJ = 1.5708 - AA - ACJ 
A~ ABJ + An 
XQ THIGH*SINIAA+ACJ)+XIL 
yo YLL 
lQ THIGH*COSIAA+ACJI+IZL 
GO TO 1623 

1622 DlY=SQRT«XZR-XYI*IXI~-XYI+IYIR-YYI*(YlR-YYI+IIIR-ZV)*IZZR-ZYII 
AA = ATAN2((XY-XlU,IZV-llLl) 
P = .5*IOlY+THIGH+CALF) 
R " SQRTlI IP-DlYI*IP-THIGH'*IP-CALFIIIP, 
ACJ = 2.*ATAN2IR,P-CALF) 
AD = 2.*ATAN21~,P-THIGH) 
A~J= 1.5707-AA 
AACJ = 1.5708 - AA - ACJ 
AQ .: ABJ + AO 
XO = THIGH*SINIAA+ACJI + XlR 
YW = VIR 
ZQ THIGH*COSIAA+ACJ) + llR 

1623 CONTlNUE 
C 
C DRAW THE THIGH 
C 

1630 
1631 

1632 

1633 

GO Til I 16 H, 1632 I , K f) UN T 
XL T Alltll*XlL + A (1,2 I *y ZL + 
YL T = A I Z, 11 * Xl L + A(2,21*VZL + 
lLl = Al3tll*XlL + A(3,ZI*YlL + 
GO TO 1633 
XR T AI Itll*XIR + All,n*YlR + 
V RT = AIZtll*XlR + AI2,ZI*YlR + 
lRT = A 13,1 I * xl R + A13,21*YIR + 
cnNTINUE 
THlltll COSIAACJI 
THll,2' O. 
THlldl -SIN I AACJ I 
THIZ,l, O. 
THIZ,21 = 1. 
THIZ,3' O. 
TH13011 SINIAACJI 
TH( 1,2) O. 
THI),3) COSIAACJ) 

All,31*llL 
A(2,3I*llL 
AI 3, 31*llL 

All,3l*lZR 
AI 2, 3)*lIR 
A(1,3I*LZR 

CALL EULERIA,TH,THETAT,PHIT,PSITI 
1640 GO TO (1641,16421 ,KOUNT 
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1641 CAll CI3JECTlORTHGH,XLT,YLT,lLT,PHIT,THCTAT,PSITI 
GO TO 1643 

1642 CALL ()qJE(TIOl THGH,XRT,YRT,zRT,PHIT,THfTAT,PSITI 
1643 CONTINUE 

C 
C ORAw THE CALF 
C 

( 

xc AIL,lI*XQ. All,21*YQ. All,3l*lO. X 
YC AIZ,lI*XQ. AI2,2)*YQ • AI2,3I*lO • 'I' 
lC AI3,lI*XQ. AI1,71*YO • AI3,31*lQ • I 
(HId) = (1)51AQI 
(FIl,?) = o. 
CFll,1) =-SINIAQI 
(F12tll O. 
CFIZ,71 1. 
CFl2t31 O. 
CFI3tll SIN(AQI 
CF(3,ZI O. 
UI3,)1 ClJSIAQI 
CAll rULEKlA,(F,THFTAC,PHIC,PS!() 

1650 GLl TO 11651d6521,KOUNT 
1651 CALL OBJE(T(OlCALF,XC,YC,lC,PH!(,THfTA(,OSICI 

GIJ TO 1653 

1652 CALL OHJE(TIORCALF,XC,YC,lC,PH!C,THETAC,PSI() 
1653 CONTINlJE 

C DRAW THE FOOT 
C 

C 

xxx Alltll*XX. All,ZI*YX. All,3l*lX • X 
vvx AI2,lI*XX .. A(2,ZI.YX .. AlZ,31*IX .. V 
II X A I 3 ,1 1 * X X .. A I 3, Z 1 *v X .. A ( 3, 3 I * l X .. l 
FTll,l) COSIATOEI 
FTll,ZI o. 
FT0,31 -SINIATOEI 
FT!2dl O. 
FTI2,?) 1. 
FT(2dl O. 
FTl3tli S!N(ATf)EI 
FTO,ZI o. 
FTI3t3) C1SlATOEI 
CALL EULFR(A,FT,THETOF,PHITOE,PSITOEI 

1660 GO TO (1661,16621,KOUNT 

1661 CALL OBJF(TIOlFOOT,XXX,VYX,llX,PHITOE,THETOE,PSITOfl 
GO TO 166 3 

1662 CALL 06JECTIORFOUT,XXX,YYX,lZX,PHITOE,THETllE,PSITnFI 
1663 (ONT! NU[ 

C PLOT THt RIOER STEER ACTION 
C 
( 

C 
r. DtTt:R~INE- P(1[NTS HR,HL,SR,SL IN CHASSIS COOKOINATfS 
C 

GO TO (6CZO,60211, KOUNT 
6020 X SL TLll,1)*XX5L .. T L I I ,2 1 *YV S L .. TL Cl , 31 *lZ SL + XS 

Y Sl TlI2,lI*XXSl • TlI2,ZI*VVSL • TlU,3I*ZZSL .. VS 
ZSL TL( 3,1 I*XXSL .. TLl3,21*YVSl + TL I 3, 31 *Z Z SL .. lS 
XHl 0: 6Jll,lI*XXHL .. RJ 11, Z I *VVHL .. BJI 1,31 *ZZHL + XXF 
YHL = B J I 2., 1 I * X XH L .. ~JI2,21*YYHL + BJU,3)*ZZHL + YYF 
ZHL 8 J ( 3 , 1 1 * X X HL .. BJ I 3, 2 1 *v V Hl • 6JI3,31*llHL + llF 
Gll Tf) 602 Z 
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6021 

60n 
C 

)( SR Tllldl*XXSR 
YSR Tlt2,lI*XXSR 
l ~R TLI3,II*XXSk 
X HR RJ<l,lI*XXHR 
YHrl. BJI2,lI*xXHR 
I HR :: KJ I 3,11 *XXHR 
C rNT I NU E 

.. .. .. .. .. .. 

Tl I 1,21*YYSR .. Tl II,S I * II SR. .. XS 
TlIZ,ZI*YYSQ .. TLI2,31*llSR .. YS 
TLI 3,21*YYSR .. TlI1,3 I *llSI< .. IS 
BJ I 1, ? I *y Y HR .. BJIldl*IIHR .. XXF 
BJI?,ZI*YYHR + BJIZ,31*llHR + YYF 
gJI 3,21 *YYHR .. BJI3,3I*ZZHR .. liE 

C DETERMINE THE ELBOW POINTS IN CHASSIS AXIS COORDINATES 
C 

GO Tn 10030,60311, KOU~T 
C 
CLEFT S WE 

C 

6010 U XHl-XSl 
IJ " YHl- Y Sl 
W = lHL-ZSl 
OSHl " SORT(U**Z"IJ**Z+W**ZI 
LAMBOA :: U/O SHL 
MHU :: V/OSHl 
NHU :: w/DSHL 
A Y A \oj = A TA N Z I MH U , lAM BOA I 
WHU :: SJRTllAMBOA**2 .. MHU**?I 
APITCH :: -ATANZINHU,wHUI 
OOE SJRTIUA**2 - (OSHl/2.1**21 
X EP O. 
YEP :: -I)OF*COSIAPITI 
lFP " f):;)E*SIIIJIAPITI 
XOl :: .5*IXSl+XHlj 
VOL :: .~*tYSl"YHl) 

I~l .5*IZSl.IHLI 
T U A ( 1 ,1 I C IlS 1 A YAW I *CJ SlAP IT CHI 
TUAII,2) -SINIAYAW) 
TUAI Id) :: COSIAYAl,II*SINlhPITCHI 
TUA(2,U SINIAYAlwl*CflSlAPITCH) 
TUAI2,Z) COSIAYAWI 
TUAIZ,)) :: SINIAYA~I*SINIAPITCHI 
TUA(3,l1 -SINIAPITCHI 
TUA11,21 O. 
TUA(3,)1 COSIAPITCH) 
XEL TUA(l,lI*XEP" TUAIl,ZI*YFP. TUAI1,3)*lF-P .. XOl 
YEL :: TUAIZ,ll*XEP • TUAI2,Z)*YF-P • TUAIZ,3J*ZfP .. YQl 
IEL:: TUAl3,lI*XEP .. TU~(3,21*Y[P" TUA(3dl*ZEP. lOl 
GU T() 6032 

C RIGHT SIDF 
60H U XHR-XSR 

V :: YHt<-YSR 
\OJ :: ZHR-ISR 
OSHR :: SQRTIU**2.1J**2.W**2) 
l A"ItHH. :: U/O SHR 
~HU :: IJ IOSHR 
NHU = w/DSHR 
AYAW = ATAN2IMHU,lAMBDA) 
wHU = S~RT(LAMBDA**2"MHU**21 
A~ITCH :: -ATAN2INHU,WHUI 
DOE S:./RTIUA**2 - (DSHR/Z.I**21 
XE" O. 
YfP ~UE*COSIAPITI 

IEP D,JE:*SIIIJIAPIT) 
XQR .5*IXSR.XHR) 
YJk .5*IYSK+YHRI 
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l J q = • S* (l S R + l HR I 
TUA(l,l1 COSIAYAwl*U1SIAPIHHI 
TUAll,Z) -SINIAYAWI 
T U A I 1 , 3 1 ~ C r) S CAY Awl * S I ~ ( A PIT C Y 1 
rUAI2,l1 SINIAYA~I*COS IAPlTfHI 
TljA12,21 CllSIAYAWI 
TUA12,31 SINIAYAWI*SINIAPITCHI 
TUA13,11 -SI[ljIAPITCHI 
TUAI },21 O. 
TLJA13,31 CllSIAPITCHI 
XfR TUAIl,lI*XFP + TIJAIl,21*YEP + TUAIldl*lEP + XQR 
Y~R = TUAI2,11*XEP .. TJA(2,21*VEP .. TUA(l,31*lEP + VQ~ 
lER = TUAI3,ll*XEP + TUA(1,21*YFP + TUAI1,31.ZEP .. lQ~ 

6032 CONTINur 
C 
C PLOT THE UPPER AR~S 
C 

C 
C 

GO TO 12020,2021" KOUNT 
2020 LAMBOA ~ IXEL-XSL JlUA 

MHU IYEL-YSLI/UA 
NHU = IlEL-lSLIILJA 
... HU = S\.lKTIlAl-lt1IlA**2H4HU**21 
AVAw = ATAN2(~HU,LAMBDAI 
APITCH = -ATAN2INHU,wHUI 
GC TO 2023 

2021 LAM3DA = (XER-XSR)/UA 
MHU (YFR-YSRI/UA 
NHU = IlER-lSRI/UA 
WHU = SQRTILAMBOA**2+MHU**ZI 
AYA" = ATANZIMHU,lAMSDAI 
APITCH = -ATAN2CNHU,WHUI 

20Z3 CONT INUE 
TUAIl.lI COS(AYAIoII*cnSIAPfTCHI 
TUAll,21 -SINIAYAWI 
TUAI1,jl COSCAYAWI*SI\JIAPITCH) 
TUAI2,l1 SINIAYAWI*CO'l(APlTCH) 
TUAU,21 (rJSIAYAWI 
T U A I 2,3 I SIN I A YA ... I * S I 'H A P I TC HI 
TUA(3,ll -SINIAPITCHI 
TUA(3,21 o. 
TUA13,31 COSIAPITCHI 
XSLF All,ll*XSL + ACl,?I*YSL + AI1,31*lSL + X 
YSLF AI2,II*XSl" AI2,21*VSL + AI2,31*lSL .. V 
lSLF AI3rll*XSL" AI3,7J*VSL .. AI3,31*lSL + l 
XSRF AII,ll*XSR + All,ZI*YSR + AII,31*lSR + X 
V SR!= A ( 2, II * X SR + A 12, 21 * Y SR + A 12 ,"3 1* l SR + Y 
lSRF AI3,ll*XSR + AI"3,21*VSR + A(3,31*lSK .. l 
CALL EULERIA,TUA,THETUA,PHIUA,PSIUAI 
Gn TO 12010,20111, KOUNT 

2010 CALL ()BJECT (nlUA,XSLF,YSlF, lSLF,PHIUA, THETUA,PSIUAI 
GO TO 2012 

ZOll CALL 09JECT(0RLJA,XSRF,YSRF,lSRF,PHILJA,THETUA,PSIUAI 
2012 CONTINUE 

C PLOT THE FOREARMS 
C 

cu T'l 12025,20261, KOUfIIT 
2025 lAM~f)A = (XHl-XElIIFA 

MHU I YHL-YE:L I/FA 
NHU ~ (lHl-lEL) If A 
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2026 

2027 

2030 

2031 
Z03Z 

1700 

12501 
127 

12701 
12702 
lZ8 

2113 

12q 
130 

C 
us 

136 

13601 
137 

.,f.iU = SQR T (L AMBOA**2 + "'IHIJ **2 I 
AYAw = ATANZIMHU,lAMBOAI 
APITCH = -ATAN2INHU,WHUI 
GO T[) Z ')7 7 
LA"'IdOA = IXH~-XERI/FA 
MrlU (YHN-YEk)/FA 
NHU = (ZHR-ZFRI/FA 
WHU = SURTILA~RnA**2.MHU**ZI 
AYAW = ATAN2IMHU,LAMBDAI 
APITCH = -ATANZ(NHU,wHU) 
CllNTINUt 
TFAII,I) COSIAYAPlI*CDSIAPlTCH) 
HAll,ZI = -SINIAYAWI 
TFAll,31 = COSIAYAWI.SINIAPITCHI 
TFAIZ.l) SINIAYAWI*C[)SIAPlTCH) 
TFAIZ.Z) COSIAYAloIl 
TFAIZ,3) SINIAYAWI*SINIAPTTCHI 
TFA13,11 = -SINIAPlTCHI 
TFA13.21 O. 
TFAI3']) COSIAPITCH) 
XELF AIltl)*XFL. IHl,?l*YE:L • Alldl*ZEl • X 
YflF A(Z,l)*Xbl. AIZ.71*VFL • AI2,Q*ZEL • Y 
U:LF AD,lI*Xfl. AI3,21*YFL • AI3,3'*ZEL • Z 
XENF = AII,l)*XER. A(l,2I*YER • Allt3I*ZER + X 
YERF = AIZ.ll*XER • AIZ,Z'.YER • AI],31*ZER + Y 
ZENF = "I3,II*XER • A13,ZI*VER • AI3.31*ZFR. Z 
CALL FULEkI4,TFA,THETFA,PHTFA,PSIFA) 
GO TO I 20 30, 20 3 1 I, K [] UN T 
CALL OHJECTIOLFA,XELF,VFLF,lELF,PHlrA,THE:TFA,PSIFA) 
GO TO 203~ 

CAll OBJECT(ORFA,XERF,YERF,lERF,PHIFA,THETFA,PSIFA) 
CONTI NUE 
KOUNT = KOUNT • 1 
IF IKJU!'IIT-31 1')00.1700.1700 
C ONT I NUE 
IF ILF.,NE.OI PRINT 12501,DUMIlI,T 
FORMAT I' VEHICLE IN FRAME',FS.O,' AT TPH", FI0.41 
IFI ITl~K.E:Q.nl GO Te 12701 
CALL TRACK 
IF (IREP.NE.C) CALL TRKSET 

IFI IREPI 110,128,12702 
IREP=-l 
If IIUBJoLLO) GO TO 130 
DO 12q J=l '[ORJ 
CALL OPJECTlPATERNIJ),prJSI 1,J',POSI2,JI,POS('3,J),POSI4,JI,POSI.,.J) 

I,POSI6,JII 
CONTINUE 
T = T +OT 
IF (T.LF.TEI G(] TO 110:)1 
IFI(ITRK.NE.OI.AND.IIREP.LT.O)) CALL TRACK 
T =T -DT 

CHANGE CAROl S) 
IF (I C HA N G • L E • 0 I GOT 0 390 
I F (I C HAN G • G T. "J RUN I GO TO H 0 

RfAD 136,HI,TE,QT,ICAM,JTIT,ICHANG,r·HlLINf,IPRUNA,IREP,IFR.rCG ,LF 
F UR MAT I 3f 6. 0, q I 41 
IF (JPRUN.GT.II GO PJ l'\hOI 
I ~Q.UN=r PPUNA 
PKINT137,TB,TF,~T, ICAM,JTIT,lrHANG,NCLrN~,IPRUN,IREP.IFR,ICG,LF 
f'JRMAT ('OCHANGf CARO' 3Ffl.3,QI41 
IFIIC[NT.HJ.OI GO TO 13706 
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If (IFQ) 13781,13703,13782 
1 HOI JCHASIllbl = 4 

J C HA S ( 1 17) = 169 
GU ro 13703 

13702 JCHASI1161 = 2 
JCHASIll71 = 21 

13703 IF (lCGI 137C4,lH06.1370'l 
13704 JCHA SI 2871 = 1 

Gll Tn 13706 
Ij705 JCHASI2R7) = 2 
13706 Cr1NTINUE 

IF IJTIT.LF.O) en TO 1-~<J 

C SUCHITLF CARDS 
PRINT 138 

138 F-JRMAT I'I)~OLET X Y l SCALE SUt3TITLE.') 
O() 13804 L-=1,N(]L1NF,12 
JLlNE = MINOI 12,NOLINE-L+ll 
D~ I~A03 K=l,JLINE 
READ 138Cl,NllLETIKI,XLIKI,YLIK),SLIKI,(VrR.BIJ,KI,J=I,12) 

11801 FORMAT (I4,3FB.3tl2A4) 
P R I NT 13802 , NOL ET I K I , XL ( K I, YL I K ) , S L ( K ) , ( V E~ B ( J ,K I ,J= 1, 12 I 

13802 FIJRMATt2X,I4,3F8.3,5Xtl2A41 
1 ~803 cnNT l'liUE 

A S A = DU M ( 1 ) + 1 • 0 
PRINT Ij805,JTIT,ASA 

13805 FLJRMAT I'OSUBTITLE ~LOCK IN',I4,' FRAMES STARTING wiTH FRAME NO.', 
1 F7.0) 

Dll 13804 J=l ,JTI T 
IF (IRFP.EQ.O) CALL FRAME 
00 13804 K=I,JLINE 
IF IIXL(KI.LT.J.O).OR..IYLIK).LT.O.O).(l~.ISL(KI.lf.(\.O).nR. 

1 (NOLETIKI.LT.O)) GO TO 13804 
IF (INClLETIKI.GT.481.0R.INOLHIKI.EO.OII N()LFTIKI=48 
CAll SY"'ItlOLtXLtKI,YLIKI,SLIKI,VbRI3(l,KI,O.O,NOLET(KII 

13804 CONTINUE 
139 KPATN-=2 

GiJ TO (>401 
13901 IF IICA~.EQ.OI GO TO 145 

C CAMERA CHANGE CARD 
N C AM -= 1 
GO TO 1401 

145 IF (QT.LE.O.OI GO TO 14501 
DT-=QT 

14501 CONTINUE 
IF IKPhTN.NF.21 GO TO ~~5 

IF IABSIT-T81.LE.EPSTI GO TO 146 
T=TB 

14502 IFIT.GF.VAiH1I111 GO TO 11001 
T=T+DT 
G,] TO 14?02 

146 T=TR+DT 
GLl TO llCOl 

349 CALL SECTON 
350 PRINT 3S1,IT 
351 FURMAT I'OEND OF FILE ON DATA SET'''3,',ALl INPUT CARDS SKIPED TO 

INEXT IDENTIFICATION CAR!).' I 
[TOLD = IT 
GO TO 1 

3~5 IF II IPRUNA.GT.O).AND.IJPRUN.f~.lll RfAJ 1702,A5A 
360 IF IIr:HANG.Lb.OI GO Tn ~90 

I F I I C hAN G • G T • N RUN I GO T n J 9 0 
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~ E 4 D l·~ b, T 13 , T F , I) T , I C A ~ , J TIT , r C HAN G , N C L r \j F , J P R U ~ A 
IF (JTIT.LE.OI GO TO 362 
i)'l 161 J=l,~(JLINE 

~Eh~ 13801,K 
361 CONTI~LJE 

362 KPATN =3 
GU TO 2401 

HO C ALL SECT UN 
I F 1 1 J SKI P. E Q. 1 N SKI P -1 II • AND. ( J f{ UN. E Q • L r:: r:J P I I Gll Hl 400 

391 IFIT9.lE:.(-999.01) GlI TJ 't00 
REAOIIT,fNn=3501 T9 
GO TO HI 

400 CLJ'iT INUE 
GO T[) I 
END 
SLJI3f{OUT!NE EULERIA,R,THETI'.,PHI,PSTI 
n I ME NS IllN Al 3,3 I , B I 3,3 I , AR I 51 

25 ABl11 AII.lI*O(ltl) .. AIl,2)*912.11 .. Al1.3I*B0.11 
ABUI AIZ,1I*i3l1,l)" A(2,2)*13<2,1) .. t\12,31*HI3,1I 
ABI31 AI3,11*1111,1I .. AI3,2)*812,11 .. AI3,31*RI3,11 
Ad(4) AI3tll*Bl1,ZI" AIl,21*BI2,ZI .. A(3,3I*BI3,21 
ABI'» hI3.1I*BIl,3l .. A(3,ZI*I3IZ,31 .. A(3,31*~\(3')1 

30 IF IIARI4'.EO.O.I.ANn.IARI51.EQ.0.II Gn T[) 100 
31 IF I(AHI51.EQ.0.).OR.(AAS(AB(41/AflI511).GT.l.677E071 GO TO 100 
32 PHI = ATANZlflBI41,ABISII 
33 IF ((AfHZI.EQ.O.I.AND.IABIII.EQ.O.1I GO TO 100 
34 IF IIABIll.EQ.O.I.OR.IAJ.iSIA8IZI/ABI11I1.GT.I.677E071 GO TU 100 
35 PSI = ATANZIAB(ZI,A81111 
37 IF (ISINIPSII.f:Q.0.I.OR.IAI3SI-AB(31/IARIZIISINIPSIIIII.GT.1.671E07 

I.OR.lhRll'.f-O.O.II GO TO 100 
3b IF II-ABI31.EO.0.I.ANO.IIABIZIISlr-.J(PSIII.EQ.O.II GO TO 100 
38 THETA = ATAN21-AOI31 ,IARIZI/STNIPSII II 

100 

150 

R FTURN 
THETA -ARSINIABI31 I 
PHI = A~SINIAH(4)/C[)SITHETAII 
PSI = AkSINIABIZI/COSITHETAI I 
f<f-TURN 
END 

CSU 
C 

SUdRlIUTINf-S FRAME, Sr::CT[)N, FRA~Sl 

THIS FORTRAN lJFCK ORIGINALLY P9JOUCf-D AS PART 11F 
THE SINGLE VFHI(LF ACCIDENT M0Vlf: PROGRAM (PART AI C 

C 
C 
C 
C 
C 
C 
C 

C 

(RfLfASE DhTF, Sf-PT.12,l9&AI 

DEVELOPED HY CALVIN~. TH~ISS 

SUBROUTIf'lE FRAME 

TRANSP8RThTInN RfSFARCH ntPT. 
CORNELL AFRONAUTICAl LA60KATORY 
~UFFALC, NEW YORK 1422l 

C (J IoIMON IC (j "IF R M IF RNO , XF R ( 5 I , YF R ( ') 1 , X M , Y M ,lJ SF n , SF C T ,( ON, D, F X P, FY P, 
1 FlP,CA,CE,SA,SF,CACf,Shsr,SACF,CASE,CT,ST,IhNGlE,JEULER 

DATA IFRSWIlI 
EOUIVALf-NCE (HIGH,YFR( 1) I, (WIf)[ ,XFR( 31) 
CU~MOf'l IU1MFR.AI I FRA"I E 
C[JMMnf'l/Ptf'll!JC/PENDU~171 ,LPfN 

Gil Tf) I?U,lC'.lI'),l5),LPE'J 
10 ChLL PlflTIO,O,OI 

GO TO 30 
15 (ALL PL'JT(0,Q,-31 

GO TO 30 
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C 
20 I!= I I FRS .... F Q • 0 I GO Tn? 1 

IF~Sw = () 
VUBS 1.0 
XP[S wlf)E 
VIUS HIGH 
FI{Nd 0.0 
USEI) USEr) + XRFS 
GCl TO 30 

21 IFI(Y(]B,)+VRES+HIGHI .CT.2B.) GO TO n 
IF (XRES.GE.wIDEI GO Tn 27 
USED = USED-XR[S+wIOE 
XRES = wiDE 

22 C<\ll PUlTIO.O,VRES+l.O,-31 
vnss = Y[lRS+YRES+l.O 
YRES = HIGH 
GU TO 30 

23 CAll PLOT I XRES+l.C. -Y(JBS+l.O,-31 

C 

yaas 1.0 
XRFS WIDE 
YRES HIGH 
USED USEO+XRrS+l.O 

30 FR~U FRNll+l.O 
CAL L f'L 0 T I 0 • 0, 1 • 5 , - 3 I 
IF IIFRA~E.NE.O) CALL LINFIXFR,YFR,'),ll 
RETURN 

FNTfotY SECTON 
PRINT 34,SECT,FRNU 

34 FORIo1Af I'OE'ND OF SECTIO"J',2F8.'1,' FRAMfS') 
FRNll~D.O 

SECT = SECT+l.O 
If (LPE'l.NE.ll RrTURN 

35 USE~ = U5EO+l.0 
PRINT 36,US~;) 

36 FllRMATI'O',FlO.2,' INCHrS O!= PUnTING PhPFR USED.'I 
CALL PLOT( XRES+L.'1, -YC'RS+l.O ,-31 
U5rn = 1.0 
IF RS w = '1 
RE TURN 

C 
ENTRY FRAMSlI/wIJTH/,/H~IGHT/1 

42 wiDE- = wIDTH 

C 

HIGH = HE IGHT 
XFRI21 = WInE 
YFRI41 :: HIGH 
XM = WILJEl2.0 
Y M = H [GH 12 • I) 
RE'TURN 

E'NT'!.Y LEADER IILFAD/ I 
100 L=LEAD 

[FIL.LE.CI RETURN 
GO TO 1140,lLCrLIOrl201.LPE'N 

110 K=O 
GO TO 1 'If") 

120 K=-3 
130 DU131 J=l,L 

CALL PllHIO,O,K) 
131 CONTINUE 

PRPH 132,L 
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132 FOR.MAT I'OLEADER FRA"4ES''(61 
140 Rt TURN 

END 
C.... CHASIS ~UILOING PDUTINf nU~~Y 

SUBROUTINE BLOCHS 
1 P~INT 2 
2 FOR"4ATI'OCALL TO SUBR. BLDCHS., ONLY OU"~~Y EXISTS. JOH TFRMINATE 

10 ' I 
CAll EFPLOT 
STOP 1 
ENO 

C$$$ FUNCTIUN lEDGE 
C THIS FORTRAN 'lECK nRIGINALLY PP,JDUCEO AS PART DF 
C THE SINGLF VEHICLE ACCIDENT ~CVIF P~OGRAM (PART AI 
C (RELEASE DATE, SE-PL12,196ill 
C 
C DEVf-LOPED BY CALVIN M. THElSS 
C TRANSPORTATION Rf-SEAPCH [)EPT. 
C CORNELL AERllNAUTICAL LABORATORY 
C 3UFFAlO, NEW YORK 14221 
C 

FU"JCTlor~ IFDGEI/O/I 
C DEFINITION OF PICTURE PLANf AREAS 
COINS IDE FRAME 
C 1 OU T SID F F RAM E , RIG H T C F N T R AL 
C 2 OUTSIOF ~~AME, UPPER RISHT 
C 3 OUTSIDE FRAME, UPPER CfNTRAL 
C 4 UPPER LFFT 
C 5 LFF T CENTRAL 
C 6 LOwER LEFT 
C 7 LOWER CENTRAL 
C 8 OUTSIDI=' FRAME, LOWEI{ RIGHT 
C 
C A IS START pnlNT, A IS ENr POINT 

COMMON/C0"4FRM/FRNO,XFRI51,YFR(51,XM,YM,USED,SECT,CON,D,fXP,FYP, 
1 FlP,CA,CE,SA,SE,CACE,SASE,SACf,(ASF,CT,ST,[ANGLE,JEUlfR 

COMMON ICUMEDGI XO(201,YOI201,XA,XB,CENX,DENY,YA,YB 
(OMMON ICOMSET/NSETS,XFL [P,YFlIP,FNl,EPS 
IFIXA.LT.XMI GO TO 6 
IF( X~.GT.XMI GO TO 200 
I FlY A .L T • YM I GO TO 3 
IFIYR.GT.YMI GC TO 200 

( A IN 2, R IN 5,6,7 
Xillll = XM 
CALL YFIU 
[F' YO I 11. LT. YM I GU TO ? 
Yfllll = YM 
CALL XF( 11 
IF-( )(O( II.LE. I-X"'" GO Tn 2:)0 
Xl1(2 I =-XM 
CALL YFI21 
IF(YOI21.GE.I-YMII GO TO 100 
YOI2' =-YM 
CAll XF( 2J 
GO TO lCO 

2 IFIYf)ll'.LE.I-VMI) GO Tn 200 
XOI21 =-XM 
CALL YFllI 
IFIYOI?l.GLI-YMIl GO Tf) 1:10 
V') ( 2 I = - 'I'M 
CALL HI21 
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Gil TO 11)0 
3 IF (YA. G T • 1- YM I I GO TO '> 

I FlY B • LT. ( - Y M I I GO TO Z (' a 
C A IN 8, R IN 3,4,'> 

Xfllll:: XM 
CALL YFIll 
IF' Y n ( 11 • G F • ( - Y'" I) GO Trl 4 
YCJIlI = -YM 
CALL HILI 
IF (XOIll.LE.I-Xr.,11 GO rr; lOa 

301 Xfll21 =-XM 
CALL n·IZ) 
IFIynI2l.LE.YM) GO TO 100 
Y[lIZI = Y,1o\ 
CALL XF (2) 
GO TO 100 

4 If IYOIl'.Gf.YM) GO TO 100 
GO TO 301 

C A IN 1, B IN 3,4,'),6,7 
5 XUl1'.: XM 

CALL YF I II 
IF(ABSIYOIll).Gf.YMI GO TO 200 
XfllZI :: -XM 
CALL YF I Z) 
IF IABSIYDIZII.LE.yr.,1 GO Tn 100 
YOIZI .: SIGNIYM,YOIZI) 
CALL Xfl21 
GC TO 100 

6 IF IXA.GT.I-XMI) GO TO 11 
If (XB.LT.(-XP-I» GO TO 200 
IF IYA.LT.Y~) GO TO 8 
IF IYB.GT.YMI GO TO 200 

ChiN 4, e IN 1,8,1 
XUI1I ::-XM 

C 

CALL YF(l) 
I F I yo I 11 • LT. YM I GO TO 7 
Yflll) = YM 
CALL XFIll 
IF IXlJ(l'.GE.XMI G(J TO 70(' 
XU(7) :: XM 
CALL YH Z I 
I F (Y 0 ( ? I • G F • , - Y 101 I I GO Tn 100 
YrJIZ I :: -YM 
CALL XHZI 
Gll TO 1'JO 

7 IF (VIlIll.Lt'.(-YM)I GO Tn 200 
XOI21=XM 
CALL YFIZI 
IF I YUI2I.GE. I-YM) I GO Tn 100 
yl] I 2 I :: - yr., 
CALL )(FIZI 
Gn TO 100 

8 I FlY A • Gr. 1- Y"') I GO TO 1 0 
IF IYB.LF.I-YMI I GO TO 200 

A IN 6, B IN 1,2,3 
X lJ I II = - XM 
ChLL YFll1 
IF IvnI11.GE.I-VMII GO Ttl q 
VOIll = -YM 
CALL Hil I 
If IX[JIl'.GE.XMI GO Tn zoo 

179 YA-3063-K-2 



C 

X0(21 = XM 
CALL YF(2) 
IF (YO ( 2) • L E. YM) GO TO 100 
YO(21 = Y"1 
CALL XF(2) 
GO TO 100 

9 IF (YOttl.GE.YM) GO TO ;100 
XO(Z) = XM 
CALL YF (2 I 
IF (YO(21.LE.Y"11 GO TO Ion 
YO I 2 I = YM 
C ALL X F (2 I 
GO TO 100 

10 XOlll = -XM 
CALL YF(11 

A '" 'i, B = 3,2'} ,7,8 

IF (AASIYOIlll.GE.YMI GO TIJ zon 
XO(ZI = XM 
CALL YF(ZI 
IF IAiiSIYOl2l1.LE.YMI GJ TO 100 
YO(ZI = SIGNIY"1,YOIZI) 
CALL XF (2 I 
GO TO 100 

11 IF (YA.LT.Y"11 GO TO 12 
IF (VB.GE.YMI GO TO ZOO 

C A IN 3, 8 IN 5,6,7,8,1 
YOlll '" YM 
CALL XF(ll 
IF (ABS(XO(II'.GE.XMI r,O TO 200 
Y(l(ZI =-YM 
CALL XF( 2 I 
IF (ABS(XD(21).LE.XMI GD Tn 100 
XO(ZI = SIGN(XM,XO(211 
CALL YF ( 21 
GO TO 100 

12 IF (Y~.U=. (-YMI) GO TO 200 
C A IN 7, B IN 5,4,3,2,1 

C 

YO(lI = -Y"1 
CALL XF( 11 
IF (At3S(XQ(ll1.GE.XMI G'J TO 200 
VOU I '" YM 
CALL XF(Z) 
IF (AI3S(X012I'.LE.XM) GrJ Tn 100 
XO(ZI = SIG~(XM,XO(ZII 
CALL YF (21 

PA~T OF LINE IN 
100 IEDG!: = 2 

IF INSETS.GT.OI PRINT lOl,XUIll ,YO(1 I,XC(2),VO(21 
101 FOR"1AT I' LINE CENTER ONLY IN,',4f-12.31 

RETURN 
C 

200 lEDGE = 0 
f{ETURN 
END 

SU~RIJUTI NE CIRCLE 

LINE ENTIRELY OUT 

CUS 
C 
C 

THIS FORTRA~ nECK ORIGINALLY PROOUCED AS PART OF 
THF SINGLE VEHICLE ACCIDE~T "10VI~ PROGRAM (PART A) 

C 
C 
C 
C 

(RELEASE ')ATf, SEPT.IZtlQ68) 

DEVELOPED BY CALVIN "1. THEISS 
TRANSPORTATION RESEARCH nEPT. 
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C 
C 
C 

cr:1I~NFLL AERONAUTIUL LABORATORY 
RUFFALO, NFW YORK 142Z1 

SUBKIJUTINE CIRCLEI/X/,/Y/,llI,/R/,/AUrlF:L/rlTl/,P,/NClPJ) 
CO~MnN ICOMFR"'I OUMI151,CnN, f'AjMAI141, IA"lGLE, IEULER 
DATA P12/6.281B51 
OIMfNSIO~ PIIOOO) 
NfJPTS == NUP 
OA = PIZ/FLOATINGPTSI 
A =TI*COt-. 
f)J 2 J=l,NfJPTS 
PIJI = R*CGSIA) 
PIJ+~OPTS+ll == R*SINIAI 

2 A == 4+0A 
A=CON*EL 
C E = COS I A) 
SE = SINIA) 
A==CON*AI 
CA = COSIA) 
SA = SIr-HA) 
CASE: CA*SE 
SASE = SA*SE 
DO II J==I,NOPTS 
A ==-PIJI*SA-PIJ+NUPTS+II*CASE 
PIJ+Z*NDPTS+ZI = PIJ+NnPTS+II*CF+I 
rlJ+NOPTS+II == PIJI*CA-P(J+NOPTS+ll*SASE+Y 

II PIJI = A+X 

CUS 

200Z 

ZOOI 
Z003 

P I NO PT S + 1) == 
PIZ*NCPfS+Z) 
P( 3*NOPTS+31 
RETURN 
END 

PII ) 
PINOPTS+2) 

= PIZ*NOPTS+31 

SUBRllUTINE PLTSET 
~ETURI\J 

EI\JO 
SUBROUTINE TRACK 
SUBROUTINE TRACK 
CUMMON/CO"1TRK/WCONI 161 ,TWI DE ,DOT 
DIMENSION WC13.41. JWCI41.LCI41 

1. SI3,41,DS13I,X(ZOI,YIZOI,Z{?01 
EQUIVALENCE (WC,WCONI ,IJWC.WCONI 131 I 
REAL WH(3,4,1001.XYI120,3) 
INTEGEK IWI41,IRI41.IS(4),IWH*ZI4.1001.N"IAXIlOOI 
E i,JU I V AL EN eEl XY I, XI. I X Y I I 1 ,Z ) • Y 1 , I X Y I I 1, 31 , I) 
CALL C~AXIS(Q,O.O.o.o,O) 
00 15 J==1,4 
I F I I W I J 1 • E Q • 0 1 GO TO 1 5 
IF IIWIJI.EQ.ISIJII GO TCl IS 
IRIJ)= ISIJI 
K=IRIJ) 
IC=IWHIJ,K) 
DO ZOOI L==l,3 
XYIIl.LI=WHIL.J,KI 
CONTINUE 
DO 4 L=Z,ZO 
IRIJ)== IRIJI+l 
IFIIR(JI.GT.NMAX) IRIJ)==l 
K==IRIJI 
[D== iWHIJ,K) 
DO 3/11=1.3 

3 XYIlL,/III==WHIN,J.K) 
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IF IIC.NE:.IDI GO TO 5 
IF IIRIJI.EQ.IWIJII GO TO 5 

4 CUNTINUE 
L = 2Cl 

5 IF IICI 6,7,8 
6 CALL OOLINE:(X,Y,l,LI 
7 [F I I R ( J I • E Q. [W (J I I GO TO 1 5 
7002 XllI = XI Ll 

Ylll=YILI 
lill = llLl 

7001 IC [0 

GO TO 2003 
8 00 9 N=?,l,2 

CALL OBLlNE(X(N-ll ,YIN-lI,lIN-ll,Z' 
9 CONTINUE 

I F I I R I J I • E Q. I W I J I I GO T 0 1 5 
IF (MLJIHl,21.NE-.OI GU TU 7!JOZ 
IF (II).LT.O' GU TO 7002 
Ik(JI=IRIJ'+l 
(F((RIJI.EQ.IWIJII Gn TO 15 
IF IIRIJI.GT.NMAXI (P(J'=l 
G(] TO 2002 

15 CONTINUE 
RETURN 

C 
ENTRY TRKSET 

100 00 101 J=1,4 
LC(J'= 0 
IWIJI=O 
IRIJ'=O 

101 IS(J'=l 

C 

[)()T2=00T**2 
EPS=O.Ol*OOT2 
RFTURN 

E NT RY TRK IN 
110 DO 120 J=1,4 

I F I l C I J I • N l: • 0 I GO TO 1 1 5 
IF (J WC( J I • t Q. C' I GO Tal 20 
(F (I \oj I J I • NE • 0 I G a TO III 
IW(JI=l 
NR=O 
GO TO 11102 

III NR=O 
11101 IWIJ'=IWIJI+l 

IF I (W(JI.GT.NMAX' (WIJI:l 
IF (ISIJI.NE.IWIJ'1 GU TO 111()2 
ISIJI=ISIJI+l 
If- I ISIJI.GT.NMAXI ISIJI=l 

11102 K=hdJI 
IF INR.NE.OI GO TO 11902 
I .. HI J.KI=JWCIJI 
DO 11103 L=l,3 

11103 WHIL.J,KI=WC(L,JI 
LC(J I = JWC(J I 
DO 112 L=lr3 

112 S(L,JI= WCIL,JI 
GO TO 120 

115 0=0.0 
00 116 l=lf3 
OSll,= .. CIl.JI-S(L,JI 
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116 

11601 

111 
11 8 
119 

11902 

11903 

11901 
120 

D=O+OSILI**2 
A=0-00T2 
IF IAI 11901,111,116()1 
IF (LCIJ).LT.O) GO TO 111 
IFIA~SIt\I.Lr.EPS) GO TO 1L1 
D=DOT/SQkTIOI 
K=O 
OU 111 L=l,3 
OSIL)= OSILl*D 
DO 119 L=l,3 
S I L, J 1= S I L , J I +0 S I L I 
NR=l 
GO TO 11101 
IWH(J,IO= LC(J) 
0(111903 L=l,3 
WH I L , J , K) = S I L , J I 
R=R+O 
IFIR-l.0) 118,111,11901 
IF ILCIJI.NE.JWCIJ)) GO Tll 111 
CllNflNlJE 
RETURN 
FND 

SUBROUTINE PRf~UN CUS 
C 
C 
C 

THIS FORTRAN OECK ORIGINALLY PKO~UCFO AS PART nF 
THE SINGLE VFHIClE ACCIOFNT MeVIE PRfJGRh~ IPART CI 

C OEVELOPED RY CALVIN M. THEISS 
C 
C 

TRANSPORTATION R~SEAPCH DEPT. 
CORNELL AERONAUTICAL LAqORATORY 

C 
C 

BUFrALO, NEW YORK 14221 

SURROUTINE PRERUN 
C(]MMON/COMfRK/wCUN (16), fWIOhDOT 
D [ ME N S I J N 1/ C (3 , 4) , I \oJ C I 4 1 , J W C ( 4 I 
E (J U IV AL E !'; C E I W C, WC ON I , ( J WC , wC ON I 1 -i ) I 
COMMON ICOMRUNI VAR(141,VARN(14),JPRUN 
EQUIVALENCE (T,VAR(l)) 
REAL V I "'l ) , A I 3 I • S A V F ( 3, 4 ) 
IF 'IPRUN.LLOI GO TO 18 
IPRUN=-1 
Rf-ALl 2,V,A 

2 FORMAT (9F8.21 
PRINT 3,V,A 

3 FORMAT ('OPRE-RUN VELOCITIES =',3FI0.4,' ACCELERATIONS =',~F10.41 
4 00 5 J=I, 3 
'> AIJI=AIJII2.0 

006K=I,4 
D06J=I,3 

6 SAVEIJ,K)=WCIJ,K) 
10 TT=VARNll'-T 

DO 11 J=I,3 
TT= IAIJI*TT+VIJII*TT 
VARIJ+l'=VARNIJ+l'-TT 
on 11 K=1,4 

11 WCIJ,KI=SAVEIJ,KI-TT 
OCl 12 J=5,14 

12 VARIJI= VARNIJI 
R fTURN 

c 
[!,;TRY PQ.UNRS 
Oll 20 K=1,4 
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20 

cus 
c 
( 

C 
C 
( 

c 
c 
C 
( 

C 
C 

C 

DO 20 J::lr3 
wC I J , K 1 = SA VE I J , K 1 

RETURN 
END 

BLOCK DATA, SVA ~(lVIE PART 8 
THIS FORTRAN DFCK ORIGINALLY PkOOUCFD AS PART CF 
THE SINGLE VEHICLE ACCIDENT MOVIE PROGRAM (PART BI 

DEVELOPED BY CALVIN~. THEISS 
TRANSP~~TATlnN RESEARCH DEPT. 
CORNELL AER8NAUTI(AL LABORATORY 
~UFFALO, Ntw YQRK 14221 

AMMENDED FOR SCHWIN~ BICYCLE MGVIF 

B LOCK OAT A 
(OMMON ICOMOAT/LENGTH,NEXT 
DATA NEXT/1/,LENGTH/19Q981 

SEPT. 1971 

C COMMON ICOMDATI SPAR[(199981 
C 

c 

C 

csu 
c 
c 
C 
C 
C 
C 
C 
C 

COMMON ICOMDATI SPARE(14Q981 
DATA SPARE/1999S*0.1 

COM M ~ N I COM W HL/ W HEEL I 2 1 , HOU 1 9 ) , W ( 7 '5 ) , I W C ( 2 ) , we ( 7 5) , I W tH 2 I 
DATA wHEEL/'WHFEL '/,IWA/175,2*2,6*O,2*?,6*O,2,25/,IWB/5,1/. 

1 I"C/2,25/,W/7*0.01,WC/75*0.01 

co MMON IC OM SC R IL SCR , SCR A T (2 C' 0) 
OAT A L SCR 12001 
END 

SUBROUTINE OBJECT 
THIS FORTRAN DFCK ORIGINALLY PR{]OUCEO AS PART OF 
THE SINGLE VEHICLE ACCIDENT MOVIE PROGRAM (PART BI 

DEVELOPED RY CALVIN M. THEISS 
TRANspnRThTION RESEARCH DEPT. 
CORNFLL A~RONAUTICAL LABORATORY 
",UFFHO, NEW YORK 14221 

SUBROUTINE OBJECTlTlTLf ,X,Y,l.PHI,THFTA,PSII 
COMMON ICUMDAT/LENGTH,NEXT,DAT(19998) 
C OMMONI C OMFRMI F RNO, X FR ( ') I. Y FR ( ') ) ,X M, Y~, lJ SEn, SE C T , CON, 0, F XP ,F YP, 

1 F l P ,C A , C E , SA, S E ,C ACE , S h S E , SAC F , CAS E ,C T , S T , I AN G L E , J EU L E R 
EQUIVALENCE (HIGH,YFR( 311,(wIOr,XFR( "311 
CUMMON ICOMSCR/LSCR,SCRATlll 
D I ME N S I f) N TIT L E ( 21 , IDA T ( 11 , I SC KAT I 1 I , TIT L I 2 I , TIT L D I 2 I 
EQUIVAlEII.CE (DAT(l),IOAT(11),(SCRAT(1),(SCRATl11) 
DATA BLANK/4H I 

1 J :: 1 
2 IF(TITLElll.NE.DATlJII GO TO ~ 

IF(TITLF(21.EQ.DATIJ+II) GO Tn 10 
"3 J = IDATIJ+2) + J 

IF (J.LT.NEXT) GO TO 2 
PRI~T 4. TITLE,FRNO 

4 FOK~AT (. OBJECT '?A4,' NOT AVAILABLE FOR FRAME'F8.0) 
RETURN 

10 CALL ORAXIS(X,Y,l,PHI,THfTA,I'SI) 
1()l0 ITYPE :: IDATIJ+3) 

GO Tn (l4,20,30,40,50),ITYPE 
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17 PRINT 13, ITYPE,TITLE,FwN~ 

13 FOR~H (. TYPF'14,' NOT RECOGNIZED FOR n~JECT '7A4,' IN FRAME' 
1 FR.OJ 

14 RETURN 
C STRAIGHT LI~FS 

20 NOPTS :: IDATIJ+41 
CALL LlKLINElf)ATIJ+S) ,DAT(J+NOPTS+SI ,DATI J+2*NOPTS+5) ,NOPTSI 
J :: J+3*NLJPTS+2 
GU Tn 1010 

C CIRCLF 
30 NOPTS :: IDATlJ+41 + 1 

JJ=3*NUPTS 
IF ILSCR.GT.JJ) GO TO 32 
PRINT 31,LSCR,JJ,TITLE 

31 FiJR~AT ('OCOMMON COMSCR cnNTAINS',1b, ' WCRDS, SUBR. CIRCLF REQUIR 
lESt, 16,' FOR OBJECT ',2A41 

STOP 
32 CON TI NUE 

C 
40 

CALL CIRCLE If'lATlJ+b),DATlJ+71,DATlJ+8),[)AT(J+4),DATlJ+91, 
1 DAT(J+I01,SCRATtlDATlJ+'>I) 

CALL OBLlNE: (SCRATllI ,SCRATI NCPTS+l) ,SCRATl2*N(lPTS+ll ,NOPTS I 
J :: J+8 
GO TO 1010 

J::J+IDATlJ+4)+2 
GO TO lelO 

NON-USED SECTION 

50 J::J+l 

C 
GO TO 1010 

ENTRV ORJINP 
101 READ 102, TITL ,IT,IN,IO 
102 FURMAT 12A4,3181 

IF ITIlL (I).H).BLANKI RETURN 
IF (( NEXT+41.L T.L ENGTH) CLl T(1 1<)S 

103 PRINT l04,TI TL 
104 FORMAT ('OINSUFFICIENT SPACE LEFT FOR OBJECT' 2A41 

STOP 
lOS NU\oIOS = 3 

DATINEXTI TITL (11 
D A T ( N E X T+ I.) :: T I TL (2 I 
KlEN :: NE Xl+3 
GO TO 108 

106 READ 101,IT,IN,ID 
101 FORMAT (8X,3I81 
108 GO TO 1109,110,120,120,140 I, IT 

GO TO 140 
109 IDATINEXT+2):: NOWOS+I 

IOAT (I(L EN) :: 1 

P~INT 10901, DAT(NEXT),flAT(NEXT+II ,NEXT,IOAT(NfXT+71 
10901 FORMAT (lOOBJECT (',2A4,'1 AT LOC.',lb,' OF COMDAT w1TH'oI6, 

I ' \oIORDS.') 

c 

~f:' XT::KlEN+ 1 
GU TO 101 

STRAIGHT L1NFS 
110 K :: 3*IN+2 

IFIIKLfN+K).GT.LENGTHI GO TO 103 
IDATlKLENJ = 2 
KLEN :: KLEN+l 
IDATlKLENI:: IN 
KLEN;> KLEN+IN 
KLEN3 = KLEN2+IN 
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R E: AIJ Ill, (OAT (Kl E'N+J I, nAT (Kl EN? +J I, OAT (KL E~ 3+J I ,J= 1, I N I 
III FLJRMAT (6F12.1I 

IF ( 10. E.l. 0) GO TO 113 
KlEN2=KlEN+l 
KlEN3=KLEN3+IN 
DU 112 J=KLE~2,KlEN3 

112 DAT(JI=DATtJI*12.0 
113 CONTINUE 

Kl EN = KL EN+K-l 
NCWOS= NOWOS+K 
GO Tf1 106 

C CIRCLE 
120 RFAD 121,(SCRAT(JI,J=1,7) 

121 fORMAT (4F12.1dFd.1I 
IF ( 10. E Q. 0) GO TO 12102 
DO 12101 J=1,4 

12101 SCRAT(JI=SCRATlJI*12.0 
12102 CONTINUE 

If (IT.NE.3) GO TO 130 
IF ( ( K l f 1\1 + 9 I • G To lEN G T H ) GU T () 1 0 3 
Nmws = NOIWS +9 
IDAT(KLf-NI = 3 
KlEN = KlEN+ 1 
IDAT(Klf-NI = IN 
DO 122 J=I,7 

122 DAT(KLEN+JI = SCRAT(JI 
KlEN = KlEN+8 
GO TO 106 

C SETTING UP CIRCl!' ~ATf.(IX IN COMDAT 
110 NW = 3*IN+5 

IF(IKlEN+NW I.GT.lENGTHI GO TO 103 
IDAT(KlENI = 2 
IDATIKlEN+11 = IN +1 
KlEN = KU::N+2 
CALL C I ReL E 1 SCI< AT 1 11 , SCR A T 1 2) , SC R" T ( 3) ,SC R hI ( 4) , SC RAT I'» ,S( RAT( 6 I • 

1 SCRATI71,DAT(KLEN),INI 
KlEN = NW-2+KlEN 
NOWOS = NUWOS+NW 
GO TO 106 

140 PRINT 141,lT,TlTl 
141 FORMAT ('OTYPE',l4,' NOT RECOG~llfn IN OBJECT' 2A41 

STOP 
C 

FNTRY DLTOBJ(TITLDI 
201 K = 1 

202 IF (K.LT.NEXT) GO TO 204 
P~INT 2C3,TITLD 

203 FURMAT ('OOBJFCT ',2A4, ' Tn BF DE:lETrO, IS NON-EXISTANT.') 
RETURN 

204 IF ITITlD(II.NF.DAT(KII GJ TO 205 
IF (TITlO(21.FQ.OAT(K+11 I GO TO 210 

205 K = K + IDATIK+21 
GO Tf) 202 

210 J = IOAT(K+21 
PRI~T 21010,TITl[),J 

21010 FORMAT ('009JECT 1',2A4,'1 IoIlTH',16,' WORDS DElETEf).'1 
J=J+K 

211 OATIK) = DAT(JI 
(F IJ.GE.NEXTI GO TO ?12 
J J+ 1 
K = K + 1 

186 
Y A-3063 -K-2 



GGTf1211 
212 NEXT = K 

P ETURN 

CUS 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

CUS 
C 
C 
C 
C 
C 
C 
C 
C 

FNO 
BLOCK DATA, :'iVA MOVIE' PART A 
THI5 FORTRAN DFCK 8RIGINaULV P~iJ!)UCEO r.S PART OF 
T H ~ SIN GL E V F Ii I C L F A C C IO F NT'" 0 V I r [) R n G R A ~ (P ART A) 

(RELEA5E i1AH, 5[PT.12tlq6~) 

fJEVFUlPE:O I3V CALV IN ~. THE ISS 
TRANspnRTATIO~ RE:SEAPCH DEPT. 
CllRNFlL AERONAUTICAl LAHCRATllRV 
lIUFFAU), NEW ynRK 14221 

B L [JC K [) A T A 
C OMM ONI C O"1F K r-11 F RNO, X FK ( 'J 1 , V F R ( ') ) , X,." VM, U 5[ n, SEC T ,CUN ,f), r X P ,F V P , 

1 F ll' ,C A ,C F , SA, S t' ,C ACE ,:') fI S E ," ACE ,C A S E ,C T , S T , I AN r. L E , J EU L F R 
OAT A F KI\I [J I 0 • 0 I, X F R I () .0, 1 0.0, 10.0 , '). 0 , C. ': I , VF RIO. 0,0. 0 , 1. 12 , 1. 12 , 

1 0.01,USEO/O.C/,CON/O.0114513/,XM/5.01,YM/3.56/,SECT/1.0/, 
2 IANGlE,JEULFR/l,I/,O,FXP,fYP,FlP,CA,Cf,SA,SE,CACE,SASE,SACE, 
3 CASE,CT,ST/24.0,0.0941,2$0.O,2*1.0,2*O.G,1.C,3*O.O,I.0 ,0.01 

COMMON ICOMSET IN SETS, XFL (P, VFL I P ,ENL ,F:PS 
OATA NSETS/-3/,XFL(P/l.J/,VFLIP/I.01,FNL,FPS/25.4,O.051 

COMMON ICOMFRA/IFRAME 
DATA IFKAt.lF/ll 
[" NO 

SUB R (l U TI N E (N I TAL 
THIS FORTRAN f)FCK ORIGINALLV PR')nUCFD AS PART OF 
THE SINGLE VEHICLE ACCIDENT Mr.VIE PROGRAM (PART CI 

DEVELOP~O RY CALVIN M. THEISS 
TRANSPORTATION RESEARCH DEPT. 
CORNELL AERONAUTICAL LABCRATORV 
P,UFFALO, NEfi YORK 14221 

SUBRnUTINE INITAL(/I/,/AA/I 
CO~~ON ICOMDAT/LENGTH,~rXT,DATt 19998) 
COMMON ICOMwHll ~HEEL(1 75) 
DI"1ENSIUN IREARt'lOI,IWHfFL( 501 
EQUIVALENCE (RF-AR(11,IREhPtll),(WHFFLll},t-lHFEL(111 
U1MMIJN/CClMTRK/wCUN(161,TwInE,DllT 
DIMENSI~)N wC(3,41,IIoIC(4),JWC(41 
f:QUIIIALENCf (WC,wcnNI, (JWC ,WCON( 13)) 
DATA 15\01111 
I F ([. E Q .0 1 GO TO "3 
READ 2,WHEEl(61,DL,REAR(24),REAK(?~),TOPIN,TIo/IOF,OOT 

2 FURM~T(9FA.O) 

PKINT 2)l,Io/HFFL(6),Dl,REAR(32),RF-AK(31),T'lPI~,n;{DE,DOT 

1'01 F'IRMAT (',)RASIC I)IM. ',9F12.3) 
RFAR(61=OL/2.0 
TIo/IOE = TwiDEIZ.O 
Gil TO 10 

3 IF! [Sw.EO.OI IoU-TURN 
OCT =12.0 
fIodDE = 3.0 
T[JPI~ -= 3.0 
\o;HEEL(6)=4.0 
REAR ( b I =4.0 
REAR! 241=0.625 
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Rf:AR(251=3.0 
1 0 \oil HEEL ( 7 I = - WH EEL ( 6 I 

WHEELI1~I=WHEELI61 
WHEcL(19)=WHEEL(71 
REAR (151=-REARI 61 
DO 12 J=7,14 
REAKIJI=REAR(61 

12 r<. E AR ( J + 9 1= R f: A R ( 1 5 ) 
REAR(281 = -RE~R(241 
RFAk(291 = -RE~IU251. 
REAR(261 REAR(251 
REAR(?7) REAR(241 
REAR(30) REAR(291 
REARI311 REARI281 
REAR(32) = RfAR(24) 
REAR ( 42):: KE At< ( 291 
QEAR(431 = REAR(28) 
Rf:AR(44) = REAR(Z41 
REAR ( 45 1 = REA R ( 25) 
REAR(46) REAR(25) 
REAR(47) REAk(241 
KEAR(48) = KEAR(28) 
RFAR(49) REAR(29) 
REAR(50) = REAK(291 
REAR(148)= REAR(251 
DO 13 J=1,9 
RFAR(J+32)=REAR(J+Z3) 

13 REARIJ+501=REAR(J+41) 
K=1 
[) IJ 1 4 J = 1 , 50, 8 
IREAR(J+59)=Z 
IREAR(J+601=Z 
REAR(J+f>11 =REAR(151 
REAkIJ+621 =REARI61 
KFAR(J+631 =RFAR(K+24) 
REAR(J+641 =RFAR(K+241 
REARIJ+651 =REARIK+421 
REARIJ+(6) =REARIK+4?) 

14 K=K+l 
00 15 J=4,21 

15 REAR(J+1461=WHEELIJ) 
00 16 J= 1,175 

If> WHEEIJI=WHFEL(J) 
AA=TOPIN 
ISW =0 
K fTURN 
F "'f) 

SUBRnUTINE OBLINE, CBAXIS C SH 
C 
C 

THIS FORTRAN DECK ORIGINALLY PRODUCED AS PART OF 
THE SINGLE VFHICLE ACCIDENT MOVIF PROGRAM IPAKT Al 

C 
C 
C 
C 
C 
C 
C 

(RELEASE f1ATE, SEPT.IZ,19681 

Of:VFLOPED BY CALVIN M. THEISS 
TRANSpnRTATION RESEARCH DEPT. 
CO~NEll AERONAUTICAL LABORATORY 
RUFFALO, NEW YCRK 14221 

SUBRouTINE GBLINEIX,Y,l,/NnPT/I 
CO "'lM ONI C OMF R loll F RNO, X F R I "i I , Y FR l"i 1 ,X'" , Y M, U <; [1, SEC T ,C ON, r) ,r X P, FY P, 

1 FlP,CA,CE,SA,SE,CACE,SAS~,SAC~,CASF,CT,ST,IANr,LE,JfULER 
FQUIVALENCE (HIGH,YFRI3) I, (wIOF-,XFR( n) 
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c 

CU"lMON ICnMI-OGI XO(201 ,YU1201 ,XA,XB,Ofl\X,iJtNY,YA,YR 
REAL x I 1 , , Y I 1 , , I ILl 
INTEGER IOEN16116*01 
INHGE~ JEOGE/OI 
COMMON ICUMSFT/NSFTS,XI=L IP,yI=LIIl,FNL,FP~ 
[) A T A X X , Y Y , Zl ,X Y , X ! , V X , V l, I X , Z V , X (I Q , V ilP , UJ R 1 3 *1 • (J, q * 0 • f\ 1 
CO"lMON/COMFRA/IFRAME 
IJI"I[NSliJN XS1201,YS1201 

IFINSETS.lT.OI GLl FJ LOO 
PRINT 9ul,XM,V"I 

90L FL)K"IAT(' OBLINE CENTER' ,;)F10.41 
P R I NT 903,( X ( M ) , Y ( M ) , Z ( I-' I ,"I -= L ,NJ Il T ) 

903 F,IKMAT (7X,6fL2.31 
100 J = 0 

L -= () 
I tlACK=O 
N = N()PT 

LOL r,n lAO K-= L,N 
J = J + L 
OX XOR+X(KI*XX+Y(KI*YX+Z(KI*ZX 
DY YOR+X(KI*XY+Y(KI*YV+ZIKI*ZY 
DZ ZUR+XIKI*XZ + Y(KI*YI+!IKI*11 

800 XP OX*CACF+DV*SACE+DZ*SE-rxp 
YI-' DY*CA-DX*SA-FYP 
ZP DI*CF-OX*CASE-OY*SASE-FIP 
IF I XP.GT.EPSI GO TO 810 
IF (I BACK. E Q .0 I r,.J TO 8 () 2 

801 XPrJUJ=XP 
YPulO=YP 
I POL 0= IP 
J=O 
GO TO 180 

802 I'3ACK= 1 
I F I K • E (,,). 1 I GO T J 80 1 
XB :: FPS 
DEN:: (XR-XPOLDI/( XP-XP[ILDI 
YB -= YPOLD+(YP-YPOLOI*O~N 

IH = zprJLD+!lp-lP(1L[)I*[)H~ 

A =D/XB 
XPllLO=XP 
YPOLO=YP 
ZPOlD=IP 
YP=YB 
IP=IB 
Gu TO 852 

810 IF IIHA(J( .• EQ.OI GU TO H',r) 
IHACK-=O 
XB .= E P S 
DfN:: (XB-XPOUJI/(XP-XPIJLOI 
Y,,\ = ypnLO+(YP-YIlOLDI*DEN 
Ia .= IP1LD+(ZP-lPOlOI*OEN 
A :: 01 X B 

L=l 
XEl -A*YB 
YB A.ZB 
XA IX~*CT+YB*STI*XFLIP 

YA = IYi1*CT-XB*STI*YFL[fJ 
IF ((ABS(XAI.GT.X"1I.UR.IARS(YA1.Gf.YMI) GOlD 8<;0 
l =0 
XLJ121 = XOlll 
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DO 16101 "1: 1 ,J. 
XOI"1)=XO(MH-XM 

16101 YOIMI=YO(M)+YM 
C II L L L I Nf (XO, YO, J , 11 

16109 IFIJLlNE.EQ.OI GlI TO 16110 
J=O 
GLl TO 180 

16110 CONTINUE 
XOll)=XXX 
YO(l,=YYY 
XSIlI=XSIJI 
YS( lI:YS(J) 
J = 1 

180 CONTINUE 
RETURN 

10101 IOFN(IE~R) = IDENlIERRIt-l 
IF(IDENIIERR).GT.201 GO TO 10104 
PRINT 10102,(OENI IfRRI ,1fRR,DEN, FRNO,I< 

10102 FOR\lAT (IX,(10.'. OllJlfJF ERROR',r3,EIO.7.')X.'FRAME'.F6.1J,', POINT' 
1'/41 

10104 DEN = SIGN(EPS,DFNI 
GLI TO 110105,10303, l0304tl23,l43,14401l .. ERR 

10105 STOP 
C 

ENTRV 
XOR 
YOR = 
lOR = 
A=PHI 

OBAXISI/XOB/,/Yn~/,llnR/,/PHI/,/THETA/,/PSI/I 
XOB 
YOB 
lOB 

IF '(ANGLE.NE.O) A A.CON 
SPH = S (N (A I 
CPH = COS(AI 
A=THETA 
IF I (ANGLE.NEeOI A A.crN 
STH = SIN(A) 
CTH = COS I II) 
A =PS( 
IF ((ANGLE .NF. 0 I A 0: A.CON 
SPS = SINIAI 
CPS = COSIA) 
(F IJEULER.NE.O) GO TO 200 
xx = CTH*CPS 
A = STH.CPS 
YX A*SPH-CPH*SPS 
lX 0: A*CPH+SPH.SPS 
XY = CTH*SPS 
A = SPS*STH 
YY A*SPH+CPS*CPH 
lV A*CPH-SPH.CPS 
Xl -STH 
VI SPH*CTH 
II CPH*C TH 
GU TO 201 

200 C a NT I NU E 
L 1 C TH 
Vl CPS*STH 
Xl SPS*STH 
IY -STH*CPH 
lX STH*SPH 
XX CPS*CPH-SPS*CTH*SPH 
vx - S p S * ( PH -( P S * C T H* S P I-l 
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IF IL.NF.OI roo Tf) 104 
r. 0 L D P 01 ~ TIN, N F W (X I '" , V nu T ) 

L = 1 
XA = XO'JI 
VA -= VfilJI 
V rl (J) '" 5 I GN I V"I , V A ) 
DEN -= VA-YO(J-l) 
I F I A R SID E ~ I • G E • E P S, G n HI I 2 '\ 
I ERR -= 4 
GO Tn 10101 

123 LlY -= (YlJ(JI-YnIJ-lll/0F~ 
XOIJI -= XOIJ-ll~DY*(XA-l(O(J-111 
GO TO 10301 

140 IF IL.E,J.OI GO TO 160 
C NEW PrllNT IN, OLD PT. nUT. 

142 L = J 
XO 121 xo ( 11 
YO(ZI = VO(lI 
X S I 2 I = XO ( 2 I 
V S I 2 I = va I 2 I 
XSlll=XA 
VSIl)=VA 
IF (ABSlXAI.LE.X,-", GO TO 144 

C NHI PO I NT IN, OL D ex (JUT I 
XOlll = SIGNI XM,XAI 

DEN -= XI)(ZI-XA 
IF lABSIDEN).GE.EPS) GO TO 143 
(ERR = ., 

·GO TO 10101 
143 OX = I Xul lI-XAIIDEN 

V 0 I 1 I -= Y A + D X* I YO I ZI - VA I 
IF IABSIYOlll'.LE.VM' GO TO 145 

C NEIo/ P~!I'H IN, CLD IY OUT) 
1 44 V 0 I 1) -= SIGN IV M , Y A 1 

OEN -= YOIZI-VA 
IF IARSIOENI.GE.EPS) GO TO 14401 
I ERR = 6 
GO ro 10101 

14401 DY = I Y!)( l'-YAI/DEN 
XOlll = XA+DY*IXOIZI-XA, 

145 J=Z 
GO TO 16001 

160 IF IJ.GE.ZOI GIl TO 161 
16001 IF (K.LT.NI GO TO 180 

IF (J.LE.OI RETURN 
161 XXX=XOIJ I 

YYY = YOIJI 
JLINE=C 

16102 Dfj 16103 ~=I,J 
IF((AHSIXOIMII.r.T.X"1).il~ .• IABS(YOIMI).GT.Y"III GfJ TO 16104 

16103 CONTINUE 
GO TO 16108 

16104 p~INr 16105,K,N,L,IBACK,FRNn,lM,XS(MI,VSlM),XOlMI,YOIMI,M=l,Jl 
16105 Fl)f{MAT( 'OEDGE ERKOR. K,N,L,IRACK,FPNO =' ,416,FIO.0/ICI0Xtl3,'.', 

14FZO.5)1 
FREDGE -=O.OI*FLOATIIFRA"Ifl 

16106 DJ 16101 M=l.J 
IFIARS(l(Q(MII.GT.XMI xnIMI=SlG~Il(M~FREnGE,l(O(MII 
I F ( A 13 S ( YO 1M) I • G T • Y M I Y U ( M I '" S I G ~ I Y M ~ F R E n r. f , Y (1 I M I I 

16107 CONT INUf 
1 6 10 8 CON T I NU E 
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YOIZI YO 11' 
Xi)ll1 XA 
YOIlI YA 
J=::' 

S,)O A =D/XP 
851 XPULD=XP 

YI-'OLD; YP 
lPflLD=lP 

eS2 XP =-A*YP 
YP = A*lP 
XOIJ) =(XP*CT+YP*ST)*XFLIP 
YQIJ) =IYP*CT-XP*ST)*YFLIP 
XSIJI= XOIJ) 
YS(J).:: YO(J) 
IFINSFTS.LT.OI GU TU 90401 
PRINT 904,DX,DY,Ol,DEN,A,XP,yP, XOIJ),YOIJ) 

904 FORMATllX,lOE12.4) 
90401 CONTINUE 

IFIAHSIXClIJ) ).LE.Oq GO TO 120 
102 I F I K • NE • 1 I G n TO 103 

10202 L = 1 
XA = XDll) 
VA = YOIIl 
J=Q 
GO Tn 180 

103 IF IL.NE.O) Gn TO 104 
C OLD POINT IN, NFW(X OUTI 

L = 1 
XA ; XOIJI 
YA = YOIJI 
XOIJI = SIGI\j(XM,XAI 
DEN = XI\-XO(J-ll 
IF (AHSIDENI.GE.EPSI GO Tn 10301 
IERR = 2 
GO Tn 10101 

10303 ox = (xnlJI-XOIJ-llI/OEN 
YO(JI = YOIJ-l)+DX*(VA-VOIJ-lll 
IF(ABSIVnlJ».LE.YM) GO TO 10301 

C OLO POI'H IN, NEWIX OUT, Y OUT) 
A = Y()(J) 
Y()(J) ; SIGl\jly~,AI 

DEN = A-Y[)(J-l) 
IF 'AtiS(D[N).GF.~PSI Gn Tn 10304 
IERR ; 3 
GO TO 10101 

10304 DY = IYOIJ)-YO(J-ll)/DFN 
XOIJ) = XOIJ-l1HlY*lxnIJl-XOIJ-1I1 

10301 JLI"lE=1 
GU TO 16102 

( RIHH OLD AND NFW PCINTS rUT UF RANGE 
104 XB XOll) 

Y>\ VOl 1 ) 
DI-:NX = XS-XA 
DENV ,. Vb-VA 
J = I I-: ClGE I 01 
XA=X~ 

YA=V?, 
IF(J.fQ.Ol Gfl TO ISO 
GC TO 10301 

120 IF IABSIYOIJII.LE.YM) GO TO 140 
lZZ IF (K.EQ.ll Gn TIl 10702 

190 YA-3063-K-2 



201 

CUS 
C 
C 
C 
C 
C 
C 
C 
C 

cus 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

XY = SPS*CTH*CPH+CPS*SPH 
YY =-SPS*SPH+CPS*CTH*CPH 
CUN T I NUE 
IF INStTS.LT.CI ~ETU~N 
NSFTS= NSETS-1 
PRINT 910,XOR,YJR,lOR,XX,XY,Xl,YX,YY,Yl,lX,lY,ll 
F J R MAT I' 00 B A X IS' , 6 F 1? • 3/( 7 X , 6E 1 2. 3 I I 
KE TURN 
ENIl 

SUR'! JUT (NES XF, YF 
THIS FURTRAN Ur:CK flRIGINALLY PRODUCED AS P~RT [)F 
THE SINGLE VEHICLE ~CC[OfNT ~OVIE PROGRAM IPART AI 

DEVELOPED BY (ALVIN M. THrIS~ 

SUBROUTINE YFI/N/I 

TPANSPCRTATIO~ RESEARCH OEPT. 
CnRNELL AERUNAUTICr\L LABCRATORY 
'3UI-I-AUJ, NE~ YORK 14221 

COMMON ICOMEDGI XOI201,YOI201,XA,XH,OENX,DENY,YA,YR 
1 J = N 

I F (A B S ( 0 EN X I • LT • I a • 0 1 II GO TO 2 
YO(JI = yA + IXO(JI - X,td*OENY/OENX 
R F TURN 

2 YO(JI = YA 
RETURN 
ENTRY XF(/MII 
J = M 
IF (ARS(DENYt.LT.IO.01II GO TO 3 
XUIJI = XA+(YOIJI-YAI*nENX/OfNY 
RETURN 

3 X!l(JI = XA 
RETURN 
END 

SU~ROUTINE CAMSET 
THIS FORTRAN ')'CI< ORIGINALLY PRODUCED AS PART OF 
THE SINGLE VEHICLE Ace Ir>PH ",\OVlE PRflGRAM (PART AI 

DEVEL~PEn ~Y C~LVIN M. THEISS 
TRANSP(lRTATION RrSf-APCH DEPT. 
C(lRNFLL AERONAUT I CAL l A~nRAT[)RY 
RUFFALO, NEW YORK 14221 

(RELEASF DATE, OCT. 14,19681 

SUdROUT[NE CAMSET(POS,/fTYPE/,/INVT/I 
COMMnN/COMFRM/FRNC,XFR(~I,YFRI~I,XM,YM,USEn,SECT,CON,D,FXP,FYP, 

1 FlP,CA,CF,SA,SE,CACE,SAS[,SACE,CASE,CT,5T,IANGLF,JEUlER 
CO~MON IC[)MSET/NSETS,XFL IP,YFL IP,FNL,FPS 
D IIo1E NS I ON PLJS (71 ,DS ( 3 I ,r. AM ( 7 ) 
EI./UIVALENCI:: (DX,OS( 111'( DY,f"JSI 2) 1 ,(()Z,f"JSI 3) 1 
EQUIVALENCE (CM~(11,XA,(BI, (CAIIo\( 21,YA,YRI, (CAMI 31 ,ZA,la), 

1 ICAMI41 ,XF,AZ,XCI ,cCAMISI ,YF,FL,YCI ,(CAM(61,lF,FlA,lCI, 
2 (CAMI7I,TIh,TlRI 

100 DO 101 J=1,7 
101 CA,Io1(JI = PUS(JI 

ITYPES = ITYPE 
IF ([TYPES.LE.2I GD TnJ 1 
"JSETS = ITVPFS/2 
[F « N SET S * J - I T Y PES I • E') • 0 I GOT IJ 1 0 3 
[TYPES =1 
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103 

104 
C 
1 

2 

3 
4 

410 

411 

412 

401 

413 

402 
40 ~ 

404 

405 

406 
407 
408 
5 

Q02 
903 
904 

GO Tf) 104 
ITYPFS=2 
N5ETS -= NSETS-l 
ITYPE -= (TVPES 

GO Ta I 3,101'( TYPE S 
PRINT 2 
FllRMH I 'OILLfGAL CAMERA TYPE.') 
ST()P 
DC 4 J=l,3 
DSIJ) =CAMIJ+31-CA""JI 
A = I)X**2+DV**" 
IF (A.NE.O.O) GO TO 412 
IF (Ol.NE.O.OI GO TO 411 
PRINT 410 
FURMAT l'OlERO FOCAL Lt~GTH UNACCEPTABLE.') 
STOP 

C=A8S(DlI 
SA=O.O 
CE=O.IJ 
C A= 1 .0 
SF =5IGNI1.0,DlI 
CASE=SE 
CACE=O.c) 
SACE-=O.O 
SASE=O.O 
GU TO 413 
o = SORTIA+Dl**21 
A = SQR T( A I 
SE = OliO 
CE = All) 
CA=OX/A 
SA:: DY I A 
CACE=OX/O 
SAC[=OY/O 
(ONTI NUE 
CAS E=Ch*S E 
SA SE =SA*SE 
FXP X~*CACE +YR*SACE+1B*SE+D 
FYP = YK*CA-XB*Sh 
FlP :: lB*CE-VR*SASE-XB*CASF 
[) = LJ*ENL 
A :: CAMI71*CflN 
Gn T~ (402,405,404,406),INVT 
GU TO 40A 
XFlIP=1.0 
VF LI P = 1.0 
GO TO 408 
XFLIP = -1.0 
GO TO 403 
XFLIP = 1.0 
GO Tn 407 
XF LI P .:: -1.0 
Y FL I P = -1.0 
CONTINUE 
Sf = SIN(AI 
C1 = COSIAI 
IFINSETSI903,902,904 
NSETS=-2 
RETURN 
PRINT 910,Q,FXP,FVP,flP,CA,CE,SA,SF,CACF,SASf,SACE,CACE,CT,ST 
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900 F 0 R"1 AT ( , 0 CAMS F T ' , A E 12 .4/ [ T X , BE 1 2 • 4' , 
RFTURN 

C 
10 0 = C A"I (61 

A = CA"I(SI*CUN 
Sf == S I ill ( A I 
CE==COSIAI 
A=CAM(41*CON 
CA= CUS(AI 
SA == SINIA) 
CACE = CA*CF 
SACE = S\*CE 
GO TO 401 
[ NO 

CSB ~LL1CK DATA SVA M(IVH PART C HARVfY SELfB'S COMMON 
HlOCI( DATA 
COM"ION ISPlPLT/ INT,MO~E,XS,yS 

DATA MuDE/-l.l, (NT/63/. XS/10.O/. YS/10.~1 

END 
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Appendix V 

BICYCLE GRAPHICS INPUT DATA LISTING 
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SCHWINN BICYCLE COMPUTER GRAPHICS •••• 
10.0 

o 
10.0 '). 2. 2.0 .14 • or; 0 110110002 0 10 
4 4 1920. -300. -10. 0.0 -40. 2.30 

1 (1 00300.28 
o. o. o. 

• 5056 
-2.6. 

13.5 

2.5 
o. 
-5.0 

o. 
-11. ') 
o. 

16. 
5.798 

-73.8 
18. 
o. 

CHASIS 
-34.0000 

RRWHEFL2 
- 34. 0000 

RRWHFEL 3 
-14.0000 

RRWHEH4 
-34.0000 

RRWHEfL5 
-34.0000 

RRWHEEL6 
-34.0000 

RRWHEEL 7 
-14.0000 

RRWHEEL 8 
-34.0000 

RRHUBI 
- 34.0000 

RRt-U 62 
-34.0000 

CRANK 
-16.5000 

CHAINI 
-16.5000 

CHAI N2 
-16.5000 

LO FRAM 1 
-19.5000 
-26.5000 
-17.5000 

LOFRAM? 
-19.5000 
-26.5000 
-17.5000 

RRFRAMI 
-19.5000 
-33.5000 

RR FRAME? 
-24.0000 
-27.0000 
-34.0000 
-23.3000 

L UFRA Mf 
-23.2000 

-5.0000 
RUFRAME 

-23.2000 
-5.0000 

LCFRAMEI 

-8. 
4.5 
- 23.8 
.4 
12. 
13.7245 

4 65 
-0.5000 

4 65 
0.5000 

4 65 
-0.'>000 

4 65 
0.5000 

4 65 
-1.0000 

4 6'> 
l.ooon 

4 65 
-1.000n 

4 65 
1.0000 

4 17 
-1.5000 

4 17 
1.5000 

4 20 
-1.5000 

2 2 
-1.5000 

2 2 
-1.5000 

2 5 
-1.500n 
-1.5000 
-0.5000 

2 5 
1.5000 
1.5000 
0.5000 

2 4 
- 1 .5000 

1.'>000 
2 8 

-0.5000 
-1.5000 

1.5000 
0.5000 

2 3 
-0.5000 
-0.5000 

2 3 
0.5000 
0.5000 

2 3 

o. 

• 5078 
6. 
o. 
11.6 
12. 

o 
13.0000 

o 
13.0000 

o 
13.0000 

o 
13.0000 

o 
13.0000 

o 
13.0000 

o 
13.0000 

o 
13.0000 

o 
13.0000 

o 
13.0000 

o 
14.5000 

o 
11.5000 

o 
17.5000 

') 

14.2000 
2.0000 

11.5000 
o 

14.2000 
2.0000 

11.5000 
o 

14.8000 
13.1000 

o 
-6.0000 

1.5000 
12.5000 
-4.2000 

o 
- 6. 200n 
-4.5000 

o 
- 6. 2000 
-4.5000 

o 
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o. 

-26 • 
-2.7 
o. 
- 30. 8 
.5078 

11.5000 

11.5000 

13.5000 

13.5000 

12.0000 

12.0000 

13.0000 

13.0000 

1.5COO 

1.5000 

3.0000 

-34.0000 

-34.0000 

-33.5000 
-23.0000 
-13.0000 

-33.5000 
-23.0000 
-13.0000 

-33.5000 
-19.5('00 

-23.3000 
-34.0000 
-27.0000 
-24.0000 

-22.5000 
-13.0000 

-22.5000 
-13.0000 

o. 

-4.8 
o. 
3.5 
.4 
-16.5 

o. 

-11.5 
-6. 
-23.8 
- 11. 6 
-1.5 

90.000 0.0 

90.000 0.0 

90.000 0.0 

90.000 0.0 

90.000 0.0 

90.000 0.0 

90.000 0.0 

90.000 0.0 

90.000 0.0 

90.000 0.0 

90.000 0.0 

-1.5000 

-1.5000 

-1.5000 
-0.5000 

(\.0 

1.5000 
0.5000 
0.0 

-1.5000 
1.5000 

-0.5000 
-1.5000 

1.5000 
0.5('1nO 

-0.5000 
0.0 

0.5000 
0.0 

r • 

0.0 

0.0 

0.0 

0.0 

D.O 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

-26. 
5.7 
o. 
-30.Fl 
14.5 

11.5000 

14.5000 

12.7000 
-3.5000 

8.0000 

12.7000 
-3.5000 

8.0')00 

13.3000 
14.8000 

-4.2000 
12.5000 
1.500') 

-6.0000 

-4.5000 
8.0000 

-4.5000 
8.0000 
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-16.5000 -0.5000 11.'5000 -22.0000 -0.5000 -1.5000 
-4. '5000 -0.5000 -3.'5000 -13.0')')0 o.() 8.0000 

RCFRAMF 1 2 3 0 
-16.5000 0.5000 11.5000 -22.00f)0 0.5000 -3.5000 

-4.50Ql') 0.5000 -3.5000 -13.0000 o.n 8.11)00 
LC FRA"IE2 2 2 0 

-3.3000 -0.5000 -1."7000 -15.0000 -0.5000 12.0000 RCFRAME 2 2 2 a 
-3.3000 0.'5000 -1.1000 -15.0000 0.5000 12.')000 

LCFRA"IE3 2 2 0 
-14.3000 - O. '5000 12.5000 -2. BO()!) -0.5000 -0.800:l 

RCFRAMD 2 2 0 
-? BOOO 0.5000 -O.BOOO -14.3000 0.5000 12.5000 

SEAT 2 16 0 
-19.0000 -1.0000 -8.0000 -26.5000 -3.0000 -8.0000 
- 26.5000 3.0000 -8.0000 -19.0000 1.0000 -8.0000 
-19.0(1)0 -1.0000 - 8. 0000 -19.00f)0 -1.0000 -7.0000 
-26.0000 -3.0000 -5.5000 -76.5000 - 3. 0000 - B. 0001 
-21-,.0000 -3.0000 -5.5000 -2".(001) 3.0000 -'5.500r) 
-76.5000 3.0000 -8.0000 -26.0000 3.0000 -'5.5000 
-19.0000 1.0000 -7.0000 -19.0000 1.00CO -8.0000 
-19.0000 1.0000 - 7.0000 -19.0000 -I .0OOr) -7.01)00 

FORK TU BE 2 12 I) 

-2.4000 -0.6000 -0.2000 -6.0000 -0.6000 -6.0000 
-4.9000 -0.6000 - 6.5000 -1.4000 -0.6('00 -().7001) 
-I .4000 0.6000 -0..7000 -5.0000 0.6000 -6.5000 
-'5.00')0 -0.6000 -6.5000 -5.0000 f).bOOO -t>.5000 
-6.0000 0."000 - 6.0000 -6.00')0 -1).6000 -".0000 
-6.0000 0.6000 -6.0000 -2.4000 0.6000 -0.2000 

1 
FTFORK 4 65 

1.202 -0.50 -.7245 1l.50 90.00 0.0 0.0 
4 65 

1.202 .50 -.7245 11.50 90.00 0.0 0.0 
4 65 

1.202 -0.50 -.7245 13.50 9/).00 0.0 ().o 
4 65 

1.202 .50 -.7245 13.50 90.00 0.0 0.0 
4 65 

1.202 -1.00 -.7245 12.00 90.00 Cl.O 0.0 
4 65 

1.202 1.00 -.7245 12.00 9'1.00 f).O 0.0 
4 65 

1.20? -1.00 -.1245 13.00 90.00 ().O 0.0 
4 65 

1.202 1.01) -.7245 13. 00 90.00 0.0 0.0 
FTHUBI 4 17 

1.202 -0.50 -.7245 1. 90.00 n.o 0.0 
FT tfJ B2 4 17 

1.202 0.50 -.7245 1. 90.00 0.0 0.0 
2 60 

2.5 -o.s - 24.8 2.5 -4. 1 -24.8 
4.9 -6.7 -26.6 4.2 -9.0 - 28.6 
O. 1 -10.8 -31.0 0.4 -11.6 -30.8 
0.0 -11.6 -30.0 -0.3 -10.8 -30.? 
0.1 -10.8 -31.0 0.4 -11. b - 30. 9 
4.9 - 9.6 - 28.2 4.7 -6.5 -26.1 
3.3 -3.7 -24.4 3.3 3.7 -?4.4 
4.7 6.5 -26.1 4.9 9.6 - 28. 2 
0.4 11.6 - 30.8 0.1 10.8 -31.(') 
-0.3 10.8 -30.2 4.1 8.8 -27.7 
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4.1 6.8 -25.9 2. 1 3.9 -74.1 
2.1 0.5 -24.1 2.5 0.5 -74.8 
1.5 4.1 -24.8 4.9 6.1 -26.6 
4.2 9.0 -28.6 0.1 10.8 -31.0 
-O.l 10.8 -30.~ 0.0 11.6 -lO.O 
0.4 11.6 -30.8 0.0 11.6 - 30.0 
4.8 9.5 -21.3 5.6 6.5 -25.4 
2.9 3.6 -73.1 2.9 -3.6 -23.1 
5.6 - 6. 5 -25.4 4.8 -9.5 -?1.1 
0.0 -11.6 - 30.0 - O. 3 -10.8 -30.2 
4. 1 -8.8 -21.1 4.1 -6.8 - 75.9 
2. 1 - 3. q -24.1 2.1 -().5 -24.1 
2.5 -0.5 -24.8 0.5 -0.5 -26.f) 
-0.5 -0.5 -26./') -0.5 -0.5 -22.5 
0.5 -0.5 -22.5 0.5 -0,.5 -75.0 
2.1 -0.5 - 24.1 2. 1 0.5 -24.1 
0.5 0.5 -25.0 0.5 0.5 -22.5 
- 0.5 0.5 -22.5 -0.5 0.5 -26.') 
-0.5 -0.5 -26.0 -0.5 0.5 -26.0 
0.5 0.5 -26.0 2.5 0.5 -24.8 

2 26 
0.1 -1.5 -15.5 + 0.5 -1.5 -3.0 

2.0 -1.5 -0.5 1 .3 -1.5 0.0 
- 0.5 -1.5 -3.0 -0.1 -1.5 -15.5 
0.1 -1.5 -15.5 0.1 1.5 -15.5 
- 0.1 1.5 -15.5 -0.7 -1.5 -15.5 
-0.1 -1.5 -16.5 0.7 -1.'5 -16.5 
0.1 -1.5 -15.5 0.7 -1.5 -16.5 
0.1 1.5 -16.5 0.1 1.5 -lli.r; 
0.7 1.5 -16.5 -0.1 1.5 -16.5 
-0.7 -1.5 -16.5 -0.7 l.r; -16.5 
-0.7 1.5 -15.5 -0.5 1.5 -3.0 
1.3 1.5 0.0 2.0 1.5 -0.5 
0.5 1.5 -3.0 0.1 1 • 'i -15.5 

1 
PEDALS 4 11 

1.5 O. O. .75 90.00 0.0 0.0 
4 17 

-1.5 O. O. .15 90.00 0.0 0.0 
4 11 

O. o. -1.5 .15 90.00 0.0 0.0 
4 11 

O. O. 1.5 .15 90.00 0.0 0.0 
2 14 

-.5 O. -.5 • 5 O • -.5 
• 5 -.5 -.5 6 • - 1. -.25 
6. - 1.25 -.75 -.5 -.15 -.5 

-.5 O. -.5 -.5 O. .5 
-.5 -.15 .5 6. -1.25 .25 

6. - 1. .25 .5 -.5 .5 
.5 O. .5 -.5 O. .5 

2 2 
.5 O. -.5 • 5 O • .5 

2 2 
-.5 -.15 -.5 -.5 -.15 .5 

2 2 
.5 -.5 -.5 .5 -.5 .5 

2 2 
6. -1.25 -.25 6. -1.25 .25 

2 2 
6. -1. -.25 6. -1. .25 
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2 14 
-.5 2. -.5 • 0; 2 • -.0; 

• 0; 3. 70; -.5 -6. 4.25 -.25 
- b. 4. -.25 -.5 3.5 -.5 -.5 2. -.5 -.5 2. .5 -.1) 3.5 .5 -6. 4. .25 
-b. 4.20; .20; • 5 3.75 .5 

.5 2. .5 -.5 2. .5 
2 2 

.5 2. .5 .5 2. -.5 
2 2 

• 5 3.75 .5 .5 3.75 -.5 
2 2 

-.5 3.5 .5 -.5 3.5 -.5 
2 2 

- 6. 4. .25 -6. 4. -.25 
2 2 

- 6. 4.25 .25 -6. 4.25 -.25 
1 

TORSO 2 34 
3.5 1. -25.4 2.5 1.2 -25.5 
.6 2.4 - 2 6.0; .4 2.5 -27.6 
.1 3. -27 .5 -.95 3.2 - 2 8. 75 
-.1 3.4 -29.fI -.7 3.0 -?9.~ 
.5 2.9 - 29.5 • 7 2.8 -28.7 
1.3 2.8 -28.7 1.9 2.6 -10.0 
1.75 2.8 -31. 5 2.4 2.2 -32.3 
3.6 1.6 - 31. 8 3.6 -1.6 -31.8 
2.4 -2.2 -32.3 1.75 - 2. 8 -31.1) 
1.9 -1'.6 -30.0 1.3 -2.8 -28.7 
.7 -2.8 - 28.7 .5 -7.9 -29.5 
-.7 -3.0 -29.8 -.7 -3.4 -29.8 
-.95 - 3. 2 - 28.71) • 1 -3. -21.5 
.4 -2.5 -27.6 .6 -2.4 - 26.5 
2.5 -I.? -25.5 3.5 -1. - 2 5.4 
3.5 1. - 25.4 3. fl5 .8 -;?5.9 
3.85 -.8 -25.9 3.5 -1. -25.4 

2 15 
-2. 2. -27. - 3. 2.35 -30.7 
-2.5 2.4 -32.75 -1.5 2.4 -33.6 
• 5 2.4 -34. 3. 2.1 -:n.r; 
3.9 1.6 - 32.8 3.9 -1.6 -32.8 
3. -2.1 -33.5 .5 -2.4 -14. 
-1.5 -2.4 -33." -2.5 -2.4 -32.75 
-3. -2.35 - 30.7 - 2. -2. -77. 
-2. 2. -27-

2 5 
3.5 2. - 29. 5 3.5 1.35 -29.75 
3. 5 .35 -29.5 1.1) 1.35 - 79.4 
3.5 2. -29.5 

2 5 
3.5 -2. -29.5 3.5 -1.35 -29.75 
3.5 -.35 - 29.5 3.5 -1.35 -29.4 
LI) -2. -29.5 

2 10 
3.5 2. -30. 3.75 1.b5 -30.2 
4. 1 .9 - 30.3 3.B .25 -29.8 
4.6 • 5 -28. 4.6 -.5 -28 • 
3.8 -.25 - 29.8 4.1 -.9 -30.3 
3.75 -I .65 - 30.2 3.5 -2. -3 n. 

2 8 
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3.8 1.2 -27. 4.1 .4 -27.25 
4.1 -.4 -27.2~ 3.8 - 1.2 - 21. 
4. -.8 -26.8 4. .8 -26.8 
3.8 1.2 -27. 3.8 -1.2 -27. 

2 2 
4.15 o. -28. 3.9 o. -21.25 

2 19 
3.3 .5 o. 3.3 3.5 -1. 
3. 3 5.2 -1. o. 5.2 -1. o. 4.15 -10. O. 4.9 -11.8 
2. 3.6 -12. 305 2.5 - 15. 
3.6 1. -15.1 3.6 -1. -15.1 "'.5 -2.5 -15. 2. -3.6 -12. o. -4.9 -11.8 O. -4.15 -10. o. - 5.2 -7. 3.3 -5.2 -7. 
3.3 -3.5 -1. 3.3 -.5 o. 
3.3 .5 o. 

2 11 
o. 6. -23.8 1. 6. -23.8 
3.15 5.5 -19.5 3.1 4.5 -18.6 
3.1 .5 -18.6 "'.7 o. -19.35 
3.1 -.5 -18.6 3.1 -4.5 -18.6 
3.15 - 5.5 -19.5 1 • -6. -73.~ 
(\ . -6. -23.8 

2 5 
o. 6. -n.B o. 5.5 -19.5 o. 4.9 -11.8 o. 4.15 -10. o. 5.75 -1. 

2 5 
o. -6. - 23. 8 o. - 5.5 -19.5 o. -4.9 -11.8 o. -4.15 -10. o. - 5.25 -1. 

2 10 
3.3 4. o. -2.15 4. o. 
- 4. 3 4. -2.25 -4.5 4. -5. 
-3.25 4. -8. - 3. 4. -10.5 
-4.25 4. -15.6 -4.25 4. -?l.6 
-2.3 4. -23.6 o. 4. -24.3 

2 10 
3.3 -4. o. -2.15 -4. o. 
- 4.3 -4. - 2.25 -4.5 -4. -5. 
-3.25 -4. -8. -3. -4. -10.5 
-4.25 -4. -15.5 -4.25 -4. -21.6 
-2.3 -4. - 2 3.6 o. -4. -74.3 

2 10 
3.3 o. o. -2.15 o. o. 
-4.3 o. -2.25 -4.5 o. -5. 
-3.25 c. -8. - 3. o. -10.5 
-4.25 o. -15.6 -4.25 o. -21.6 
-2.8S O. - 24.8 -2. /). -21. 

2 6 
1 • 6. -23.8 1 .3 .3 -23.35 
1.3 • 3 -23. 1. 3 -.3 -23. 
1.3 -3. -23.35 1 • -6. -23.8 

2 3 
o. 6. - 23. B o. 2.25 -25. 
O. .5 -23.5 

2 3 
o. - 6. -23. B o. -2.25 -25. 
O. -.'i -23.5 

2 3 
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1 • o. -23. 1. 5 o. -?5. 
2.5 o. -?5.5 

RFARM 2 1 o. o. o. o. - 1. -1.6 
3. -1. 5 -1.5 1('1. -.5 -.8 
12.5 -1.2 - 1.15 12.5 -.3 -1.15 
11.6 c. -1.2 

2 8 
12.5 -I.? - 1. 15 13.6 I). -.15 
12. A 1.5 -1. 11 .5 1. 1 - 1. 1 5 
10. .6 -.R ;> • 1.8 -1.5 o. 1.25 -1.6 o. o. 0. 

? 13 
o. o. o. -.9 -1. 1.6 
'3 • - 1 • '5 1.6 5. -1.2 1.6 
1 :) • -.5 1. 11 • '5 -.8 1.6 
12.6 o. 1.45 11 • "i 1.1 1.6 
I 'J. .6 1. 5. 1. "3 1.6 
2. 1.8 1.6 -.9 1.2 1.6 o. O. o. 

2 6 
11. Ae; -.2 -1.2 12.3 -.5 - 1. 
12.8 o. -.9 12.3 .5 -1. 
11.85 .2 -1.2 11.85 -.2 -I.? 

2 2 
13.6 o. -.15 12.6 o. 1.45 

2 3 
12.3 -.5 -1. 12.5 -1.2 -1.1':, 
12.5 -1.2 1.6 

1 
LFARM ? 14 
o. o. o. O. -1.3 -1.8 
2. -1.8 -1.6 10. -.65 -.q 
12.9 -1.5 -.8 13.65 o. -.15 
12.5 1.2 -1. 12.3 .5 -1.1 
12 .8 o. -1. 1?1 -.5 -1.1 
11. A -.2 -1.2 11 • 8 • 2 -1.2 
12.3 • 5 - 1. 1 12.5 1.2 -1.0 

2 1 
11.6'5 o. -1.3 12.5 .35 -1.15 
12.5 1 • 1 -1.15 10. .5 -.9 
'3. 1.4 -1.5 o. 1 • -1. R o. o. o. 

2 13 
O. 1"1. O. -1. - 1. 1.6 
3. -1.5 1.6 5. -1.2 1.6 
10. -.6 1. 1 1 • '5 -.8 1.6 
12.1 O. 1.4 11 .0; 1. 1 1.6 
10. • 65 1 • 5. 1.4 1.6 
2. 1.8 1.6 -1. 1.2 1.6 o. O. O. 

2 2 
12.1 O. 1. 4 13.65 O. -.15 

1 
LUARM 2 8 
o. 1.3 -.R • 8 1.15 -1.15 
3.6 1.15 -1.15 6. 1 • e; o. 
3.6 1.15 1.15 .8 1 .75 1.15 
O. 1.3 • 8 o. 1.3 -.8 

2 5 
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3.6 1. 75 -1.7~ 12.2 1 • ') -1.75 
12. 0. o. 12. -1. -1 • 7<; 
4.- -1. -1.7<; 

2 7 
3.6 1.75 1. 75 12.2 1.5 1.75 
13.6 o. 1. 7') 12. o. o. 
13.6 o. 1.75 12. -1. 1. 75 
4. -1. 1.75 

1 
RUAR'" 2 8 
n • -1.3 -.8 • 8 -1.75 -1.75 
3.6 -1.75 -1.75 6. -1.5 o. 
3.6 - 1.75 1.75 .8 -1.7') 1.75 o. -1.3 .8 o. -1. "3 -.8 

2 5 
3.6 -1.75 -1.75 12.2 -1.5 -1.75 
12. o. o. 12. 1. -1.75 
4. 1 • -1.15 

2 7 
3.6 -1.75 1. 75 12.2 -1.5 1. 75 
13.6 o. 1.75 12. O. O. 
13.6 o. 1.75 12. 1 • 1.75 
4. 1 • 1.75 

1 
R THIGH 2 9 
o. -1.25 - 3.6 9.6 -.5 -3. 
15. -.25 -2. 17.25 o. -7.3 
17.5 -.6 -2.3 18.3 -.4 -1.5 
18. 1. -1.5 17.2 .75 -2.3 
17.25 O. -2.3 

2 4 
18.3 -.4 -1.5 17.6 -.25 o. 
17.45 .5 o. 18. 1. -1.0; 

2 3 
3.25 -1. 2.7 10.25 -.5 2.7 
1 ') • -.25 2. 

2 2 
4. o. - 3.8 15.2 O. -2. 

2 4 
3.2 o. 1.7 11 • o. 2. 
14. O. 1.7 14.8 0. 1.9 

1 
lTHIGH " 9 
O. 1.25 -3.6 9.6 .5 -3. 
15. .25 -2. 17.25 o. -2.3 
17.5 .6 -2.1 18.3 .4 -1.5 
18. -1. - 1.5 17.2 -.75 -2.3 
17.25 o. -2.3 

2 4 
18.3 .4 -1.5 17.6 .25 O. 
17 .45 -.5 o. 18. -1. -1.5 

2 3 
3.25 1 • 2.7 10.25 -.5 2.7 
15. • 25 2. 

2 2 
4. o. 3. 8 1 5.2 o. 2. 

2 4 
3.2 o. -1.1 11. O. -2. 
14. O. - 1. 1 14.8 o. -1.9 

1 
RCAlF 2 2 
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-.3 o. - 1. 6 14.8 f). -.5 
2 3 

1. 25 O. 2.25 6. n 3. 
14.5 0. 1 • 

2 3 
o. 2. 1 • 1 6. 2.2 1. 14.5 .6 .6 

2 5 
• 1 -1.9 1.2 1.25 -1.8 1 .1 
3.25 -1.5 1 • 6.2 -1.9 .9 
14.5 -.5 .7 

1 
LCALF 2 2 
-.3 o. -1.6 14.8 O. -.5 

2 3 
1.25 O. 2.25 6. O. 3. 
14.'> o. 1. 

2 3 
o • - 2. 1. 1 6. -2.2 1 • 
14.6 -.5 .7 

2 5 
• 1 1.9 1. 2 1.25 1.8 1.1 
3.25 1.5 1. 6.2 1. q • q 
14.5 .5 .7 

1 
RFOOT 2 7 
-6.5 -.75 o. -1.3 -1.1 (I. 
2. -1.7 o. 2. 1.7 O. 
-1.3 1.7 o. -6.5 .75 o. 
- 6. 5 -.15 o. 

2 4 
2 • -1.7 o. 2.3 -1.5 -.5 
2.3 1.5 -.5 7. 1 .7 O. 

2 4 
-6.5 -.75 o. -4.5 o. -'1- • 
- 1 • '3 .75 -1.3 2.3 1.5 -.5 

2 4 
-6.5 .75 O. -4.5 o. -4. 
- 1 • '3 -.75 -1.3 2.1 -1.5 -.5 

1 
L FOOT 2 7 
- 6. 5 -.75 o. -1.3 -1.7 o. 
2. - 1. 7 o. 2. 1.1 /). 
-1 .1 1 .7 o. - 6.5 .75 o. 
- 6. '> -.75 o. 

2 4 
2. -1.7 o. 2.3 -1.5 -.5 c.3 1.5 -.5 2 • 1.7 o. 

2 4 
-6.5 -.75 o. -4.5 o. -4. 
- 1 • '3 .75 -1.3 2.3 1 .5 -.5 

2 4 
-6.'J • 75 o. - 4.5 O • -4. 
-1.1 -.75 -1.3 2.3 -1.5 -.5 

1 
CONE' 2 5 
4. 4. o. 4. -4. o. 
- 4. -4. o. -4. 4. O. 
4. 4. o. 

2 5 
4. 4. -.75 4. -4. -.15 
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-4. -4. -.15 - 4. 4. -.15 
4. 4. -.15 

4 16 
O. o. -.75 3. O. 90. o. 

4 16 
O. o. -10. 75 1.25 o. ge. o. 

2 2 
O. -"3. -.15 O. -1.25 -10.15 

2 2 
1 • -2.8 -.15 .5 -1.11'5 -10.15 

2 2 
2.115 - 2. 115 -.15 .9 -.9 -10.75 

? 2 
2.8 -1. -.15 1.115 -.5 -10.15 

2 2 
3. O. -.15 1.25 O. -10.75 

2 2 
2.8 1 • -.75 1.175 .5 -10.75 

2 2 
2.175 2.175 -.75 .9 .9 -10.75 

2 2 
1. 2.8 -.75 .5 1.115 -10.75 

2 2 
O. 3. -.75 O. 1.25 -10.75 

2 2 
- 1. 2.8 -.15 -.5 1.115 -10.75 

2 2 
-2.175 2.175 -.15 .9 .9 -10.75 

2 2 
- 2.8 1. -.75 -1.115 .5 -10.15 

2 2 
- 3. c. -.15 -1.25 O. -10.15 

2 2 
-2.8 -1. -.15 -1.115 -.5 -10.75 

2 2 
-2.115 -2.175 -.15 -.9 -.9 -10.75 

2 2 
- 1. -2.8 -.15 -.5 -1.115 -10.75 

2 2 
4. 4. O. 4. 4. -.15 

2 2 
4. -4. O. 4. -4. -.75 

2 Z 
-4. -4. O. -4. -It. -.75 

2 2 
-4. 4. O. -4. 4. -.15 

1 
l ~ YOUT 2 2 1 
-20. -1000. O. - 20. 1000. o. 

2 3 1 
20. -1000. O. 20. -20. O. 
300. -40. O. 

2 4 
20. 1000. O. 20. 20. O. 
100. 15. o. 100. 1000. o. 

1 
WIUSf 2 9 
160. 180. O. 190. 80. O. 
340. 80. O. 340. -BO. O. 
- 340. -80. O. -340. 80. O. 
-160. 80. O. - 160. 180. o. 
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1 hO. 80. O. 
2 9 

160. UW. -100. 160. 80. -100. 
340. AO. -100. 340. -BO. -100. 
- 340. - 80. -100. - 340. 80. -100. 
-lbO. 80. -100. -160. 180. -Ion. 
IbO. 80. -100. 

2 3 
-'340. 80. -100. -220. O. -1 AO. 
-'340. -~O. -100. 

2 3 
340. 81. -100. 220. O. -180. 
340. -80. -100. 

.' 2 2 
-220. O. -180. no. o. -180. 

2 3 
160. 180. -lOO. 160. o. -180. 
160. RO. -100. 

2 '3 
-160. 180. -100. -16 O. O. -180. 
-160. RO. -lOO. 

2 2 
-160. 180. -100. -160. 180. O. 

2 2 
160. 180. -100. 160. 180. (I • 

2 2 
-160. 80. -100. -160. 80. O. 

2 2 
160. 80. - 11)0. 160. 80. O. 

2 2 
- 340. 80. -100. -340. 80. o • 

2 2 
340. 80. -100. 340. 80. O. 

2 2 
- 340. -80. -100. - 340. -BO. o. 

2 2 
340. -80. -100. 340. -80. O. 

2 14 
160. 80. -80. 340. 80. -80. 
330. 80. -80. 330. 80. -AO. 
190. 80. - 60. 190. 80. -40. 
3'3 O. 80. -40. 330. 80. -20. 
190. 80. -20. 190. 80. O. 
330. 80. O. 330. 80. -BO. 
190. 80. -80. 190. RO. O. 

2 5 
-135. 180. O. -135. 180. -90. 
-85. 180. -90. -85. lAO. O. 
- 135. 180. O. 

2 5 
-140. 180. -1():) • -80. 180. -100. 
-80. PIO. -9(). -140. 1 AO. -90. 
-140. 180. -100. 

2 2 
- 90. 180. -45. -90. ISO. -'35. 

2 5 
-120. lAO. -80. -100. 180. - 80. 
-100. 1'10. -bO. -120. 180. -60. 
-120. 180. -80. 

2 5 
- 60. 180. -80. -30. IBO. -80. 
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-30. lac. -40. - 60. 1 RO. -40. 
-bOo lAO. - 80. 

2 2 
-bOo 1 Be. -bOo - 30. l'ln. -60. 

2 2 
- 45. 180. - aD. -45. 180. -40. 

2 5 
-20. lAO. -81). 80. 180. - 80. AO. 180. -40. -2 o. 18n. -4rJ. 
-2 o. 180 • -80. 

2 5 
90. 180. - 80. 12 o. 180. -80. 
120. 180. -40. qo. 180. -40. 
90. 180. -80. 

Z 2 
90. 180. -bOo 120. 180. -60. 

2 2 
105. 180. -80. 105. 1 An • -40. 

2 5 
-300. 80. -80. -220. 80. - 80. 
-220. 80. -40. -300. ~o. -40. 
-300. 80. -80. 

2 4 
- 280. 80. -80. -280. 8C. -40. 
-281). 80. -60. -300. 80. -60. 

2 4 
-240. 80. - 80. -240. 8 (1. -40. 
-24n. 81. -60. -220. 8('1. -bOo 

1 
TERRAIN 2 2 
-5000. 1500. O. 5000. It;OO. o. 

2 2 
- 5000. 1000. o. 5000. 1000. n. 

2 2 
- 5000. 500. o. 5000. '500. o. 

2 2 
-5000. o. O. 5000. o. o. 

7 2 
-5000. -500. O. 5000. -500. o. 

2 2 
- 5000. -1000. o. 5000. -1')00. O. 

2 2 
-5000. -1500. o. 0;000. -1500. o. 

2 2 
- 5000. 1500. o. - 5000. -1500. o. 

2 2 
-4000. 1500. o. -4000. -1500. o. 

2 2 
-1000. 1500. n. -3000. -1500. o. 

2 2 
-201)0. 1500. o. -2000. -15f)0. o. 

2 2 
- 1000. 1500. o. -1000. -150('). o. 

2 2 
o. 1';00. o. o. -15(10. o. 

2 2 
1000. 1500. O. 1000. -l"i 00. o. 

2 2 
2000. 1500. O. 200(). -150n. o. 

2 2 
1000. 1500. o. 3000. -1500. o. 
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1 2 
4000. 1500. O. 4(,00. - 1500. O. 

2 2 
5000. 1500. O. 5000. -15no. o. 

1 

0 
,..~- , 

1 Cn~F 646. 1".2 O. O. ,) . -4.5 
? CLJ"lF 767. -lfl.4 O. O. O. -4.5 
'3 CLJNF R86. -4. O. ". n. - 4. ') 
4 CONE InoO. - 36. 4 O. O. O. -4.5 
') cnNF 1170. - n. fl. o. O. -4.5 
6 CONE 1222. -54.4 O. O. O. - 4. 5 
7 HIlUSE - 19000. 340. /'). o. O. -90. 
S HOUSE -lqOOO. ~400. o. O. o. - 90. 
C} Hr] IJ Sf' -}9000. 70 r)Q. D. O. n. -qe. 

10 JAVALIN -18500. R Q. o. O. f' gn. 
11 JAVALl N -lil500. 680'1. O. O. fl. - qo. 
12 TERRATN -5000. C. 0. O. o. (\ 

13 TERRAl\! -5000. 311 ao. o. c. o. O. 
14 TERR,AIN -5000. 6000. O. o. o. o. 
15 TERRAIN -15000. '1 • o. o. o. o. 
16 TFRRAIN -15000. 3000. O. O. o. 0. 
17 HRRA[N -15000. 60ao. o. o. o. /). 

18 LAYOUT D. o • o. o. o. o. 

STOP 
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