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Executive Summary

FRC's 2013 change in robot perimeter rules (to 112 inch maximum overall perimeter from the
earlier maximum 28 in x 32 in) opened new opportunities for non-rectangular robots. In
particular, the new rules reduce the stability penalty for a 3-wheeled robot design vis-a-vis the
preceding rules because it allows an expanded wheelbase for a 3-sided chassis.

The primary expected benefit of a 3-wheeled swerve robot over a 4-wheeled is that it enables the
use of two CIM motors per swerve module to yield a drive-train with 6 CIM motors overall. 6
drive CIM motors have become the standard for high-performance tank drive robots within FRC.

A 3-wheeled, 6-CIM swerve robot not only complies with FRC's 2013 & 2014 motor limits, but
the mass reduction realized by eliminating one swerve module allows for the addition of CIM
motors without excessively compromising other robot systems.

Of course, there are expected to be drawbacks to a triangular, 3-swerve chassis as well as
benefits. The team intends to build and test a prototype chassis to gain a better understanding of
both the benefits and deficits of the concept.

The purpose of this paper is to define the mathematics for controlling a 3-swerve robot, both
under chassis-centric and field-centric control.

Chassis Basis

The proposed chassis design has three swerve |
modules arranged at the apexes of an
equilateral triangle. The pivot axes are

located 2.700" from the exterior surface of the
chassis frame, a distance which allows safe
rotation of the pivot (1640's 2013 & 2014
design) without interfering with bumpers, etc.
The chassis frame's apexes are truncated to
flats also 2.700" from the pivot axis. The
designed total perimeter is 111 in, providing
the same 1 in safety margin that 1640 used in
their 2013 & 2014 chassis. All swerve
modules are mounted so that the calibration 0°
faces directly away from chassis center-point.

111 inch overall
_ frame perimeter




A dimensioned schematic of such a chassis is provided in Figure 1.

Conventions

In this document, lengths will be expressed in inches (in or ") and angles in degrees (°).
Longitudinal precision will be 0.001" unless stated otherwise.

Right-hand rule is used in all illustrations for determining positive angle direction. The
mathematics will work equally well under left-hand rule, but this must be applied universally.
This includes pivot numbering (1, 2, 3). If left-hand rule is used, then 2 & 3 swap positions.

Swerve angles will be based on single-direction drive with each module's drive direction being
the swerve angle direction (therefore driving at 0° when the swerve angle is 0°).

Prototype

A Tribot prototype chassis was designed and
built using 3/4" thick laser-cut plywood. An
8-slot cRIO was employed due to ready
availability. Jaguar motor controllers were
elected for the same reason. The design called
for 2013 swerve modules, but 2012 modules
were actually installed, again due to ready
availability. The 2012, 2013 & 2014 swerve
modules share identical mounting bolt hole
patterns (the 2012 having an additional,
unused mounting hole) and identical relations
between these mounting holes and the pivot,
CIM and steering axes, so critical geometry is
unaffected. The 2012, 2013 & 2014 swerve

modules also utilize the same
angle sensors, and these are
mounted in the same manner.

The Tribot prototype maintains
the same swerve module spacing
and orientations as provided in
the Figure 1 schematic on Page 1.

Human Interface

The Driver uses a wired Xbox
controller having dual, thumb-
driven joysticks.




The primary joystick controls the robot's movement in Crab Mode. In Crab Mode, both x and y
information is used with the joystick's angle providing directional settings and the joystick's
displacement from neutral providing speed settings.

The secondary joystick works with the primary to provide the turning capabilities of Snake and
Ocelot Modes. Only the x information is used from the secondary joystick and this indirectly
sets turning radius.

Chassis-centric versus Field-centric control

Chassis-centric and field-centric refer to two different directional references for the driver and
the control logic. Team 1640 has hitherto always used chassis-centric control in which a specific
axis of the chassis is determined to be "straight ahead". Joystick controls then operate on this
reference. This is easier to execute from an instrument and software basis, as it does not require
the robot to "know" which way it is facing relative to the field axes. On the other hand, it
required the driver to know which way the robot is facing relative to field axis and to put her/his
mind into this orientation while driving. This increases the driver's mental burden.

Field-centric control would allow the driver to move the robot around the field using the primary
joystick while controlling the chassis orientation relative to the field with the secondary. The
driver's reference space becomes the stationary field, reducing (we think) driver's mental burden.
From a robot standpoint, life gets harder, as the robot now needs to "know" its orientation
relative to the field. Gyroscopes are the way to know this and only one axis is needed. Issue is
that the gyroscope must remain stable for the match duration (with all its hard knocks) to be
effective.

Other than the change in reference, Crab Mode remains the same in chassis and field-centric
control. The same is not true for Snake and Ocelot, as these undergo a reversal. In chassis-
centric control, Snake Mode is static whereas Ocelot requires dynamic driver input. These
relationships flip in field-centric control.

Pivot 0°
Chassis-centric control will be derived Cha-‘f-‘?U”

first; Field centric follows because it
applies an additional level of calculation
and control to Chassis-centric logic.

Chassis Geometry

Remaining consistent with both Figure 1
on Page 1, the actual prototype, and (as far
as possible) previous white papers by this
author, three swerve modules are arranged
around a chassis center-point with a o s .
uniform distance h between the chassis Fore” pote”




center-point and the pivot axes and an angle = 120° (2n/3R) between each pivot axis around
the chassis center-point. Swerve modules are mounted so that each module's 0° calibration axis
faces directly away from the chassis center-point. Swerve modules are identified by numbers 1,
2 & 3 following right-hand rule.

The line from the chassis center-point to the pivot axis of swerve module 1 defines the 0° chassis
axis.

Note that based on Figure 1, h=17.762 in.

Chassis-Centric Crab Mode

Pivot 0° In Crab Mode, the primary joystick
ClES0? applies a Vector of Motion to the
chassis described in the previous
section. This Vector of Motion
provides both angular direction ()

Vector of Motion

and power/speed (V) information.
y may be 0-360°.

For Crab Mode, all swerves would
be aligned with y. For individual
swerve angles (aci):

aci1 =y eq. 1

~ W AN oy =y-120° eq. 2
Pivoto° Pivot0°

oc3=y-240° eq. 3

All calculated swerve angles must be checked and if <0°, add 360° to make >0°. However, the
right time to make this correction (and the opposite: if >360°, subtract 360° to make <360°) is
after assessing all drive calculations, including Snake Mode.

Drive power (V) is proportional to the primary joystick's displacement from neutral. In Crab
Mode, all drives receive equal power.

Chassis-Centric Snake Mode

Snake Mode drives the chassis in an arc with chassis orientation following the path of the arc.
The basic chassis orientation and speed are based upon the Crab Mode primary joystick inputs,
while the arc radius is indirectly set via the secondary joystick x input.



In the 2009 swerve white papers, |
introduced the concept of a
"reference CL wheel", a useful tool
for working through the
mathematics around Snake Mode.
The "reference CL wheel" concept
will be employed again here.

Center-point

The "reference CL wheel" is not a

real wheel, but a hypothetical pivot

wheel located at a distance h from

the chassis center-point and oriented

along the vector of motion. The
diagram at left shows a "reference

cirele ?bOUt CL wheel" and the real pivot wheels

chassis CP .

Rep on a chassis.

St [Turn Radius

h radius

The secondary joystick steers by

Turn steering the reference CL wheel

directly, creating an angle, oci,

between the vector of motion and

the reference CL wheel's drive
direction. It can be easily shown that the triangle formed by the reference CL wheel, the chassis
CP and the Turn CP is a right triangle and has the angle oci at the Turn CP apex, which allows
calculation of the Turn Radius, Rcp.

h

~ tan OcL

eq. 4

Ree

Equation 4 blows up (division by zero) if oc. = 0 (neutral joystick position). So don't do Snake
Mode calculations if the secondary joystick is neutral.

We need to now define #. ¥ (no subscript) has already been defined as the angular offset
between the chassis axis and the vector of motion. y is the angular offset from the vector of
motion to each individual pivot axis (i = 1, 2, 3). For calculation:

n=-y eq. 5
7 =120°-y eq. 6

3 =240° - y eq. 7



Turn radiuses for all swerve wheels may now be calculated:

. 1 sin y;
R =+/h?cos’y. +(R., —hsiny. ) =h [1+ -2 ' eq. 8
i \/ 7| ( CP 7|) tan2 5C|_ tan5CL q

and drive power factors for each wheel:

V. =V R (Note h is in numerator & denominator and divides out)  eq. 9

A choice is now needed. What will be the range of oc.? In the first "Pivot-Wheel Drive™ white
paper of 2-August-2009, a limited (chassis aligned with vector of motion) snake mode was
presented with a oc| range from -90 to +90°. At the limits of the range, the turn radius is zero
and the turn center-point and chassis center-point are the same. Swerve angle calculations were
complicated by the need to switch calculations based on whether the turn center-point is inside or
outside the wheel-base.

In "Pivot-Wheel Drive - Crab with a Twist" white paper of 29-March-2010, a general (random
alignment between the chassis and vector of motion) snake mode (referred to as Twist 1 in the
paper) was presented, but where d&c('s range is limited to -45 to 45°. By limiting the range of oci,
the turn center-point never comes inside of the h-radius circle around the chassis center-point;
the equations are thereby simplified. The control logic for DEWBOTs IX & X both follow the
mathematics presented in this latter paper, including the limited oc| range. The math for both
cases will be presented here.

For the case that:

[sign of ocL]'Rep/h > [sign of o ]'sin # (Turn center-point is not inside wheelbase -
always true for -45°<d¢ <+45°)
COSY;

eq. 10

8, =[signof &, ]sin”' % =[sign of &, ]sin”*

i Lo
tan” o,  tandg

For the case that:

[sign of o ]'Rep/h < [sign of dc]-sin 4 (Turn center-point is inside wheelbase)

cosy,

1+ 21 2 M giny,
tan“ o,  tandg

hcosy;

S, =180° —tan_l( eq. 11
R

J =180°—tan""

cp —hsiny;




Note that h is now out of the equations. &, & and V; were not dependent on h.
Finally, to calculate the actual steering set-points:

ai=oci+ ¢ (add or subtract 360° as needed for 0-360° range) eq. 12
A working Microsoft Excel model of snake mode control logic was developed.

Chassis-centric Ocelot Mode

Presently, ocelot mode requires that the driver dynamically rotate the vector of motion (using the
primary joystick) to maintain a steady course while snake steering. This should work with the
control equations presented here, although care needs to be taken to keep the turn center-point
away from the chassis center-point. Otherwise the robot will spin in a stationary location. I
understand that the current ocelot drive (4-wheel) basically “rolls” along the h radius circle
which passes through the pivot axes.

Field-centric Control

Field-centric control requires that the robot be able to sense the direction of the field axis relative
to chassis orientation (¢). Typically this requires a gyroscope (ideally at the chassis center-point)
although other options exist. This sensing need be only one axis.

If using a gyroscope, concerns are:
1. Stability of the gyroscope over the match duration
2. Initializing and calibrating the control system to the field axis at match start.

We need to understand what chassis orientation behavior we want in field-centric control. We
know from chassis-centric experience that the orientation relative to the field changes as we
drive. We could accept this; using the gyroscope to control speed and direction relative to the
field but allow orientation to drift as we drive
and then control it using the secondary
joystick only as and when needed, or we could
use the gyroscope data to control chassis
orientation unless the secondary joystick is
used to change it.

Field-centric Crab Mode

There needs to be an additional piece of
information: ¢ (°), the angular displacement of
the field axis from the chassis axis (0-360°).




The joystick steering direction, y(°), is now relative to the field axis, not the chassis axis.

For crab mode, swerve set-points can be calculated:

aci1=y+ ¢ eq. 13
ocr =y+ ¢-120° eq. 14
acs = y+ ¢-240° eq. 15

As with chassis-centric crab mode, these values need to be checked and adjusted to 0-360° range.

All drive motors are driven at the same power on crab mode based on primary joystick
displacement from neutral.

Field-Centric Chassis Orientation

The action of the secondary joystick is fundamentally different in field-centric control than it is
in chassis-centric. In chassis-centric control, this input drives the robot in snake turns. In field-
centric, the secondary joystick rotates the chassis to change chassis orientation while driving in
crab mode. This is an ocelot twist and this drive mode is automatic in field-centric control. In
chassis-centric, ocelot twist driving requires dynamic driver control. In field-centric control, it is
snake turning which requires dynamic driver control. They are flipped.

The white paper "Pivot-Wheel Drive - Crab with a Twist" of 29-March-2010 dealt with ocelot
mode (referred to as Twist 2 in the paper), but not effectively. A different approach is used here.

Actually, an ocelot twist is handled just like a snake turn, but with a critical difference:

e In a snake turn, for a given joystick input, the angle between the vector of motion and the
chassis axis remains fixed and the vector of motion rotates about a turn center-point.
Swerve set-points during a snake turn
are static - they are determined by the
joystick input only and do not change Snake Turn
until the joystick input changes.

tion rotates through tum

Angle between Chassis Axis and

e An ocelot twist, for a given joystick Pl
input, maintains a constant vector of
motion relative to the field axis.
While the turn logic and mathematics
are the same as snake, an actual turn
is prevented by continually adjusting
wheel directions to keep the robot's
course constant. This is a dynamic

steering system.



Field Axis Ocelot Mode

.20 _ Vector of Motion remains constant relative to Field Axis

Angle between Chassis Axis and Vector of Motion changes
To maintain constantVector of Motion through a “turn”
(for constant joystickinput)
As with snake turning, a "reference CL wheel" is used for steering. The steering angle (dcL)
range for this wheel should definitely be constrained to £45°. ¢ci is determined directly by the
secondary joystick x input (just as in snake) and determines (for a fixed speed input) the
rotational speed of the ocelot twist. Note that ocelot twisting will slow the robot's overall

velocity and this effect increases as oc. deviates from 0°.
Variables & calculations:

¢ was defined in the Field-Centric Crab Mode section as the angle between the chassis
axis and the field axis. This is provided in real time via on-board instrumentation. It is
dynamic.

ywas defined in the Field-Centric Crab Mode section as the steering direction relative to
the field axis. This is provided from the primary joystick. Static (as long as joystick
input not changed).

ac1, ac2 and acs have been defined in equations 13, 14 & 15 in the Field-Centric Crab
Mode section. These are the swerve angle set-points for Field-Centric Crab Mode.
Dynamic.

Rce (in) is calculated using equation 4 in the Chassis-Centric Snake Mode section. Even
though we're not actually turning, we run the math as if we are. Static (as long as joystick
input not changed).

7 (defined in the Chassis-Centric Snake Mode section) remains the angular offset
between the vector of motion and each individual pivot axis (i =1, 2, 3). Dynamic. The
calculation of these values changes under field-centric control:



n=-¢-y eq. 16
»n=120°-¢-y eq. 17
;3=240°-¢9-y eq. 18

Ri (in) are the individual wheel distances from the "turn center-point" (i =1, 2, 3) and are
calculated using equation 8. Dynamic.

V;j are the individual wheel power factors (i = 1, 2, 3) and may be calculated using
equation 9. Dynamic.

g (°) are the individual swerve angle "corrections" (from the base acj's) needed to affect
the ocelot twist (i =1, 2, 3). Calculated from equation 10 and are not conditional as long
as -45°<0c <+45°. Dynamic.

a; (°) are the swerve angle set-points (i = 1, 2, 3). Calculated using equation 12.
Dynamic.

So almost all of the mathematics are recycled from snake mode.

A robust Microsoft Excel model of field-centric ocelot mode control logic was developed, but it's
a little heavy to paste in a Microsoft Word document. An observation is warranted, though. The
plots of & versus 4 and V; versus y are very characteristic and regular for a given oc.. Examples
below. There may be an opportunity to reduce some calculation burden with look-up tables.
Something to keep in mind.
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More on the above two charts

The above charts provide an indication that &'s could be stored in a look-up table as a function of
s and oc.. This in fact seems to be the case.



The next set of charts (top of the following page) examines the affect of negating oc. on & and V.
If there is a simple relationship between negated oc's (a reasonable expectation), then the look-
up tables could be cut to half the size (for the same performance).

O Versus 3 V,versus
1

8 & 8B ¥ 8

| &

B & 8 & 8 @

When oci is negated, the affect on both ¢ and V; is a phase shift in % of 180°. So, a look-up table
having only positive (or only negative) dcL'S can be used to cover the entire turning range, but for
negative ocL's, the y# look-up would need to be shifted by 180° (and checked for 0-360° range).

Looking at positive dcL'S only in the range from 5° to 45° using 5° increments of oc. and 3° steps
of %, & and V; were calculated and shown below. These figures are not dependent upon h.

d versus Vi versus 7
1

8 & 8 & B

E & & b B 3 o

b

The tables of calculated values of & and V; are provided at the end of this paper.

A Final Twist in our Story

The final twist is a stationary twist around the chassis center-point. Swerve angles would all be
90° or 270°, depending upon the direction of the twist. We do this now (DEWBOT X). We’ll
need to do it with a 3-swerve robot as well. This is referred to as Twist 3 in "Pivot-Wheel Drive
- Crab with a Twist" of 29-March-2010.



000°L 0004 000°F 000° 0004 0004 000°} 000°L 0004 0SEL- 0EEL- 801~ 286 LG8 (A 196~ 96'e- bie Eve
000°} 0004 000°L 000°L 0004 0004 000k 000°4 000t 00zl €601~ 58'6" vl 8G°L- ve'g 00'g- £5€- 68l ove
000t 000°4 000°t 000°t 000°} 0004 000°L 000°} 000’k 0501~ 156" £9'8- 994~ v9'9- 956 6" 1%y 99'L- 6¥e
000t 0004 000°t 000't 000t 000t 000k 000t 000k 00'6- Lee- oL 1589 0L 8Ly g8le- 9z ¥l [A°14
000" 0004 000°k 000°L 0004 0004 000°} 000°L 000k 0s'L- 8o L1'g- 8¥'G- 9Ly 66°€- Sie- £ge 0L §6¢
000°L 0004 000°L 000°} 0004 0004 000°} 000°L 000k 00’9 L¥'G ve'v- 6EY- [3: 05 6LE- £5°C 6L}~ 960~ 8SC
000°L 0004 000°L 000°L 000°4 0004 000°} 000° 0004 0S¥ A3 0L'e- 6T€- 98'z- ov'e- 06'L- GE'L- gL0- 192
000t 000°} 000°} 000°} 000°} 0004 000°L 000°} 000k oo'e- vle re- oge L6°L- 09'L- L2l 06'0- 8v'0- vog
000t 000°t 000t 000t 000°'L 000t 000k 000t 000k 05'L- e vl OL'b- S6°0- ogo- €90~ Svo- ¥eo- 192
000" 000’k 000°L 0004 0004 0004 000} 000°} 000k 000 000 000 000 000 000 000 000 000 0Le
000°L 0004 000°L 000°L 0004 0004 000°} 000° 000'L 051 LE7) el oLl 560 080 €90 S¥0 veo €Lc
000°L 0004 000°L 000°} 0004 000°L 000°} 000°4L 000'L ooe vLe L¥e oge 167 09’k LZl 060 Bro 8.2
000°L 0004 000°L 000°t 000°L oo0'L 000°L 000°t 000t 05y (134 oLe 6Z€ 9¢.e or'e 06'L SE'L zLo 6.2
000'L 000°t 000'L 000t 000°4 000} 000°L 000°} 000’k 00’9 L¥'S Lichd 6EY 18€ 6L €5°C 6L} 960 [4:14
000t 000°L 000'L 000t 000t 000t 000k 000°L 000k 054 ve'9 L9 8’ 9L’y 66°€ Ske €Ce 0z'L s8e
000" 0004 000°L 000° 0004 0004 000°} 000° 000k 006 T4 oF'L 159 0L's 8L 8L€ 92 eVl 88¢
000" 0004 000°L 0004 0004 0004 000°} 000°L 0001 0S0L LS6 £9'8 99, ¥o'9 956 6EY e 99k 162
000°L 0004 000°L 000°L 000°4 000°L 000°} 000°L 000t ooeh £6°0L 58'6 L8 8G°L ¥e9 00's £ESE 681 ¥6¢
000t 000} 000°} 000'} 000°} 000’4 000°L 000°} 000’k 0sel oezL 80'LL 286 5’8 beL 19's 96'€ L'z 162
000t 0004 000°t 000°t 000°t 0004 000°t 000°t 000t 00'SL 99°€l 6z'clL 6801 i) 8L L2's &£y oty 00e
000t 000'L 000t 000t 000'L 000'L o0oo'L 000t 000'L os9L zostL LSEL 96'LL seoL 98 08’9 8Ly vse €0g
0004 0004 000"k 000°L 0004 0004 000°} 000°L 000k oo'8L LEOL Lyl c0€EL IS 8E6 8e'L 8L'S SLT 90e
000°L 0004 000°L 000°L 0004 0004 000°} 000°L 0001 0561 EL°LL £6'GL 80¥L gL’z ZLolL S6°L LSS S6¢ B0E
000°L 0004 000°L 000°L 0004 0004 000°L 000°L 000'L oo'Le 8061 ELLL ELGL S0l 5801 0se 96'S Sbe (43
000t 000'4 000°t 000°} 000°} 000’4 000°k 000°} 000t osee [A T4 [4>8: 13 L9l €6l 511 S0'6 £€'9 €EE SLE
000t 000t 000t 000°L 000°'L 000t 000k 000t 000k oove e 1561 0z'LL oe'wl el 856 69'9 1SE 8Le
000° 0004 000°L 000° 0004 0004 000°} 000° 000k 05's¢ LLET 69°0C 8L 5961 96°CL oLoL €0°L 69€ lee
000"k 0004 000°L 000"k 0001 0004 000°} 000°L 000k 002 Sy've L1812 £T61 6¥'9L E9EL 1901 98°L S8€ vee
000°L 0004 000°k 000°} 0004 0004 000°} 000°L 000'L 05'82 BL'GC E0'ET (444 eeLL 6e¥L 0L 89°L Loy L2E
000°L 0004 000°L 000t 000°4 0004 000°L 000°L 0001 000e ke 612 LZhe 1 €671 LS'LL 66°L Sby oee
04670 LL6'0 LL6°0 €160 SL6°0 8160 c860 4860 €660 0s'Le £vee £€'GZ gh'ee €68l S5°6L coctL 8ce 62 €EE
760 Zve0 ¥rE0 L¥6°0 LG6°0 1560 ¥96°0 ¥L6°0 9860 ooee SL6C L¥'92 ELee oL'6l Sl'gl Sv'cl g8 R4 9EE
€160 ¥i60 LI6°0 1260 1260 9€6°0 L¥6°0 1960 6460 0s've 90'LE 65'LC L0¥%2 9v’0C €L°9L 98zl og's ESY BEE
9880 1880 0680 968°0 ¥06°0 9160 0€6°0 6¥6°0 (710 00'9¢ o9g'ee 0L'82 86'%C 6L'LZ 8eLlL veEl ¥0'6 £9v 443
6580 0980 ¥98°0 1180 2880 5680 €160 9€6°0 5960 05'Le 99°Ee 662 88'6¢ 06'le 18LL I9EL §¢6 Ly GvE
2e8o vego 680 L1v8°0 6580 980 1680 ¥Z6'0 856'0 oo'6e S6PE Lg0€ 9L'92 85'¢e LeglL vEEL Sv'6 08y 8ve
4080 6080 ¥ie'0 ¥eg0 8e8°0 1580 188’0 [4%:4 LS6'0 0s'ov €29 ¥e'LE loLe ecee 8.8l Sevl 296 187 3214
1840 £8.L°0 0640 1080 4180 8€8°0 9980 1060 S¥60 0ocy 05°L€ 86'CE ¥y'8c S8'EC [44:13 SVl LL6 €6V ySe
FATA] 65.°0 99.°0 BLLO 96.°0 0280 0S80 688°0 6€6°0 0S'EV S.°8€ 00've £26¢ Sy've £9'61 8Lvl 066 L6V LSE
2ELO0 SELO E¥LO 95.°0 S0 1080 SE80 8/8°0 2e60 00'S¥ 0oo¥ 00'se oooe 00's2 0002 00'SL 000 00's 08€
A [ 4
i Or SE 0e S¢ 0¢ Sl ol S St Or Se 0e 4 0z Sl 0L S (o) Vo




2620 ¥0E0 0vE0 £6£°0 Lar'o LGS0 ¥EQ0 6EL0 0980 0S'EL- S0°LS Lz LE'LE ¥o'ge- E6'G1- 9901~ Ev'o- ve'e €ch
91E0 L1280 6SE0 60%°0 EL¥0 0S50 6£9°0 ZrLo 1980 002 £6'95- LSEY BY'EE- 9L'ee- L1891~ LETLL- 68'9- Lie azk
6EED 050 6LE°0 Ser'o 98%'0 6550 ov9'0 ovL'0 £98°0 0504 29'96- £0'vi 6e'Ee- LLve- bLLL: 20l €E°L- 8E'E- 621
€9€°0 ClED 66£°0 erro 66¥°0 6950 €590 05.°0 S98°0 0069 9195 EE VI 80've- e5'Ge- or'gl- ocL- €Ll 85'¢- ceL
98E°0 ¥6£°0 6L¥0 6S¥°0 €150 0850 0990 SS.L°0 19870 05'Lo- LS°GS- i 09ve- 61792 LLBL- 9L'ElL- b8 LLe SEL
60¥°0 LIv0 [Vdy] LLVO 8250 €650 8990 09.°0 698°0 00'98- B88'¥S- 6E i 96'veE- £L°92 8961~ YoEL- Sv'e- S6'€- BEL
[A5% 4] 6EV0 09¥°0 S6%°0 E¥S0 ¥09°0 L1290 99.°0 280 05'v9- bLPS S Ay L1'GE- SL'Le §L'02- 90%L- 9.8 154 347
SSv'0 LO¥'0 18¥'0 ¥i50 6550 980 1890 eLLo 5.8°0 00'es- 9Tes LE'EY- 9z'se- ovr'Le- vs0e- Evl- v0'6- Lev il
LLv0 €8¥°0 2050 2eso S50 6290 4690 6LL°0 880 05'Lo sees LGEP- £gge- 99'Le- veoe- vLvl- 626 Dda Lyl
0050 9050 €250 LS50 LBS0 E¥90 040 98L°0 2880 0008 8e'ls- COEr oL'se- e L0'le 0051~ 156~ €S 0Sk
€250 8¢50 ¥¥50 0450 8090 1590 8LL0 ¥6.L°0 9880 06'85- LE0S Sy'er 88vE- 6L°LC g€e'le A1 696" oy €SL
S¥5°0 0S50 5950 0650 5290 LL9°0 62L0 1080 0680 004G EE6Y L8'LY 8GvE- EL LT el 9€'GL- v8'6- viv 851
8950 €450 4850 0190 E¥90 9830 L0 oL80 5680 06'SG- S8y LY 0Zve- 09'Le- ve'Le L¥'GL- 166" 4:h BSL
L6S0 S650 8090 0E9'0 L99'0 L0L0 ¥SL0 6180 668°0 00'¥S- el 9 0% 9lge- 6e°Le- le'ke £G°GL- 90°0}- 687 418
¥L90 gLe0 0E90 0590 6.9°0 LLL0 990 828’0 ¥06°0 05°es- 00's¥- 95'6€- geee- clLe le'ke vS'SL- Lok vEV Sol
LEY0 oo 2590 L2890 1690 €€L0 64L°0 LE8°0 060 00'Ls- E8vr (75> 69°¢E- 08'9¢- 90'le LS'G1- S0k 86V 891
1990 ¥99°0 .90 1690 91L0 0S40 €6L°0 L¥8°0 §160 05'6%- SOEr ¥8'LE- 80ge- [4 4" T 1802 ¥PSL- SL0L- L0'S- bLL
¥89°0 1890 L1690 ELLO 9€L°0 £9L°0 L08°0 L4580 1260 00'8%- SyEr 26'9¢e- Evie- 66°G2- 2902 E€'GL- EL0L- 20's- vLL
8040 LLLO 6LL°0 vELD §6.L°0 ¥8L0 1280 8980 9260 0591~ €T I L6'6E- €L0g- 25'sZ- ££0¢- 8L'GL- 8004~ zo's- LLL
ceL’o SEL0 EvL0 958L°0 SLL0 1080 S€8°0 8.8°0 2e6’o 00°5¥- Q0'0¥- 00'ge- 00°0g- 00°Ge- 0002~ 0061~ 000L- 006G 08l
L840 65L°0 99L°0 8LL0 9640 0z8'0 0580 6880 BE6B'0 0S'Er- Sige- 00've- o0 T Sv've- €961~ 8L'pL- 066" LBF- €81
1840 £8.°0 06L°0 1080 L4180 8€8°0 9980 1060 S¥6'0 ooer 05°LE- 86'ze- y'8e- 58'€EC (4415 ES¥L- L06° €6V o8l
L08°0 6080 vi8°0 ¥e8’o 8€8°0 LS80 1880 ZL6°0 LGB0 05'0%- £2°0e- ¥6'LE- Lg'Le- ETET 8L81- SZyi- 296" L8V 681
2€80 €80 6E8'0 L¥8°0 6580 9.8°0 1680 ¥26°0 8560 00'6e- S6'FE- L8°0g- 9,92 852 LE8L- ¥6'EL- S¥'6- o8y 26l
6580 0980 ¥98°0 L48'0 =40 G680 €160 960 S96°0 05°Le- 99'ee- 6L'62 88'5e- 0612 LeLL- LOEL- STE Ly S61
988’0 1880 0680 9680 ¥06°0 960 0e6°0 660 ¢l60 00'9¢- ge'ge- 082" 86 ve- 6LLE- 8cLL- veEL ¥0'6 £9% 861
€160 ¥160 L1660 1260 1260 9€6°0 L¥60 1960 6460 05've- 90'LE- i L0¥e 9v'0c- €L91- 98¢l og'e- €Sy 102
P60 Zv60 vrE0 L¥6°0 1660 L5670 960 ¥.16°0 9860 oo'ee- SL'6¢ L¥'9e- ELET 0L'6L- SL'9L- Sy'Zl- 568" Wy 404
060 LL6°0 1160 €60 §.6°0 860 g860 186°0 £66'0 0S'Le- Ev'8e- £E€'GZ- 8L'ge £6'81- §6'G1- [ A% 1A 6Ty L0e
000°L 0004 000°L 000t 000°4 0004 000°L 000°L 0001 00'0¢€- kie- 6L'¥Z- FATA £L'8L- E6'FL- LS 66°L- Sy oie
000'L 000°4 000°t 000't 000t 000t 000k 000t 000k 0582 8l6e £0'ee- ceoe cell- 62¥L- OLbLs 894" LOv €le
000°L 000°4 000°} 000'} 000°} 0004 000°} 000° 000’4 0o'Le- Svve L8 €T6L- 6'9L- €9°€EL- L9'0L- 9€'L G8€- aic
000" 0004 000° 000°L 0004 0004 000°} 000°L 000k 0s'se- LLET 6902 [44: 1y 59°GL- 96°CL- 010k £0°L- 69€- 6ic
000°L 0004 000° 000°4 0004 0004 000°} 000°4 0001 00've- LLve LGB 0ZLL- o8'vi- LTEL- 856" 69'0- LSE- [444
000°L 0004 000° 000°L 0004 000} 000°} 000°} 0004 0s'ze- Zv'oe- zesl- L1191 E6'EL- LSLL- 506" £E'9- £€ee- 144
000t 000} 000°t 000°} 000°} 0004 000°L 000°} 000’k oo'ie- 806" ebLLs €LSL- SO'El- Se'0L- 0s'e- 96'G- Sies 8ze
000'L 000°L 000t 000t 000°'L 000t 000k 000t 000k 0561~ €LLL- £6'GL- 80vL- gleL- ZLoL- S6'L 45°6 S6'e- 334
000" 0004 000" 0004 0004 0004 000°} 000" 000'L oogl- LEQL- (7845 €0EL- 9T 8€'6- 8e'L 8L'G §le vET
000°4 0004 000"k 000° 0004 0004 000} 000°L 000k 0591~ 206G~ LSEL- 9611 SE0L- 98- 08'g- BLY vS'e- LET
000" 000’4 000°L 000" 0004 0004 000°L 000" 0oo'L 00'S)- 99€L- 62ZL- 6801~ EV'6- A 34" L8 EET ove
A [ [
i Or SE 0e S¢ 0¢ Sl ol S St Or Se 0e 4 0z Sl 0L S (o) Vo




2eL’o SELO EvL0 95.°0 S.LL°0 1080 SE8°0 8.8°0 2e6'0 00's¥ ooov 00'se oooe 00'se 0002 00'SL 000k 00's 0
80L°0 LLLo 6LL°0 ¥eLO §S.L°0 ¥8L°0 1280 898°0 926’0 05'9v ETLY L6'SE £L°0€ 25'52 £€°02 8161 8004 e0's €
¥e9'0 1890 4690 €LL0 9eL0 1920 £08°0 1580 1260 ooer Sver 26'9E EVLE 6662 290z oge12 €101 eo's 9
1990 ¥99'0 .90 1690 9lL'o 0SL°0 €640 L¥8'0 Sle'o 05'6¥ S9er ¥8'LE 80¢e 4414 802 ¥yl SLoL L0s 6
LE9°0 LP90 €590 LL90 4690 €EL0 6LL°0 LE8°0 0L6'0 00'LS €8'vy cLee 69¢E og'9g Qo'Le LSGL SLok 86 42
¥190 8190 0€9°0 0590 6490 L1L°0 99.°0 8280 ¥06°0 0s'¢cs 00or 95'6E STEE (44 Ll ¥S'SL (A vEY S
1650 §65°0 8090 0€9°0 1990 L0L0 ¥SL°0 6180 6680 00'¥S ELLY 9g'0v 9Lt BE'LT Le'Le £G°GL 9001 68¥ 8l
8950 €450 4850 0190 £¥9°0 9890 L0 080 5680 06'SS S8y A4 ogve 09'L2 ve'e L¥'SL L66 [4: 04 (14
S¥5'0 0S50 §95°0 0650 §29°0 L1890 62L°0 L08'0 0680 0045 £E6Y L8’y 85've eLLe e 9e'St ¥8'6 viv ¥e
€250 8250 ¥rS0 0.5°0 8090 1590 8LL0 ¥6L'0 988'0 05'8S L8705 Syev 88 vE 6L L2 etle Lesk 69'6 ¥ov iz
0050 9050 €250 LS50 L850 V90 040 98L°0 2880 0009 8e'ls coEr oL'se LLLe L0ie 00°S4 156 €Sy oe
LL¥0 £8¥°0 €050 €eso 5450 6290 1690 6.4L°0 8480 0s'i9 SE'CS LSEY £TGE 99°LC ¥8'0C FL VL 626 Wy 2>
SS¥°0 ] 18%°0 ¥150 6550 9190 4890 2LL0 580 00'e9 92Es LB'EY 92'se 9v'LZ 502 vyl ¥0'6 PXA 4 oe
ZEV'0 BEVOD 09¥'0 S6%°0 EVS0 ¥09°0 L4290 99L0 280 05'%8 LLPS ¥ A 44 L1'SE SL°Le shoz 90wl 9.8 4154 6E
60¥°0 AR 4] ovv'0 L0 8250 2650 8990 09.°0 6980 0099 88'%S 6Evy 96 ¥E eLoe 8961 vOEL Sv'8 S6€ a4
98E0 PEED 6L¥0 65¥°0 €150 0850 0990 G5L°0 4980 0§29 45°6S vy 09've 692 LB gLeL Le Lle Sy
€9E°0 CLED 66E0 (A4 66%°0 6950 €590 0SL°0 5980 0069 9198 EEVY 80ve (414 or'8lL [AX4% E€L°L BSE 8y
6EE0 0SE0 6.E°0 Sev'o 98¥'0 6550 or9°0 ovL’0 £98°0 0S'0L 2995 E0'vY 6EEE Lve bLLL [A1kA% EE°L BEE 3
91e0 L2e0 6SE0 60¥°0 EL¥0 0S50 6€9°0 ZvLo 1980 ooeL £6'9S IGEY 6¥'ee 9L'ee 1891 LE'LL 68'9 Lie s
€620 ¥0E0 ove0 £6€°0 L9¥'0 LSO ¥E9°0 6EL0 0980 0s€s S0'LS viey e ¥oee €66l 99°0L £V'9 ¥6'e 15
8920 4T 0ze0 8.£0 0s+'0 ¥ES0 6290 LEL°0 6580 00'6L 26'9S S9'Ly oooe e 1 28'vl 06’6 ¥6'S LLE 09
£vZ0 6520 20E0 ¥9E0 ovv'0 2250 §e80 SELD 6580 059 8r'98 ocor 9e'ee 661 PLEL 80'6 EV'S ive €9
6120 9€C0 v820 0SE0 0EY0 L250 ¢eo0 ¥ELD 6580 00’8 €965 €E'8E [44°14 8z'8l 0selL T4 68V Lee 99
€610 434 9920 BEED £ero 9150 0290 £€L0 6580 05'6L oA £6'GE FAN 44 6¥'9L 8Lk 0e’L EEY 96k 69
8910 L1610 0S¢0 82E0 9L¥0 €150 8190 £€€L0 0980 0o'L8 80ES £6'2E 6S'LT [4h 4% 9L'6 ve'e Sl'e 69k ZL
L7L'0 0lL0 9E20 8le0 LLF0 LSO 8190 ¥eLD Log'0 05¢8 68'8F ST6Z 2981 6E'CL 28 GE'S Sl'e erl SL
FLL0 6vL0 €220 LIED L0v°0 0Ls0 6L9°0 9EL0 2980 00'¥8 £Cry ogve Zr'Sl LLoL 0L'9 4584 ¥s'e Ll 8L
4800 0€L0 ELE0 90£0 S0¥°0 0150 0290 BELO ¥98°0 0s'se L¥'LE 5561 L1811 0L'L 80°S 9Ce 16} 980 18
6500 FLL0 5020 E0E0 S0¥°0 €50 €290 L0 9980 00'.8 Z6'Le SS'EL 08 6L'S e 6L¢ 1A LS0 e
0e00 ¥0L0 2020 £E0E0 L0¥°0 §150 1290 S¥L°0 698°0 05’88 91’6l 56'9 80% [4°H4 WL oLl Y90 620 18
0000 LoL'o €020 90€'0 LLP0 0zso zeso 0SL'0 2.80 €04t 000 000 000 000 000 000 000 000 06
0E00 vOL'0 2020 €0E0 L0v'0 SIS0 1290 SvL0 6980 05'88- 9L G- S6'9 80 g bLL- oL'L- 90~ 620" €6
6500 pLLO S02°0 €0E0 So¥'0 2lso €290 b0 998'0 00°28- ég'Le- SGEL- 208 61'G- bre- 6l 8z} L5°0- 9%
4800 0€L0 ELE0 90£°0 S0¥°0 0150 0290 8ELO ¥98°0 05'58- LYLE- SG'6L- L1811 0L'L- 806 9ce- 6L 980~ 66
L0 6¥1°0 €220 LLED L0¥°0 0150 6190 9€L°0 €980 00'%8- A og've- (A4 1 LLoL- 0L'9- [ 8 vs'e vil- col
7o 010 9Ee0 BILED LFo LGS0 8190 ¥eLO 1980 0s'ze- 68'8Y AT L1981 6ETL- Les S€'G- Sl'e- vl S0L
8910 L6L'0 0sz'0 8ze0 9lv'o €150 8190 €EL0 0980 00'L8- 80°es- £6'ze- 65°1e- 25rl- 9L'6 veg SLe 691" 801
€610 LAY 9920 8EE0 €2r0 9ls0 0290 €EL0 6580 05'64- €CPS- £6'6e- Live- 67'9L- I oe'L- eV 961" LEL
610 9€e0 ¥82°0 0se0 0EP0 L2500 [£4=N0] ¥ELD 6580 00'8L- €965 [458:n (A4~ 8g8l- 0S€L- Loe 687 lee wil
E¥E0 6520 Z0E0 ¥9E°0 0ov¥0 1250 5290 SELD 6580 05'9L- 8¥'95- Al 9€'8e- 1661~ PLEL- 806" EVS- ive L
8920 28¢0 02e0 8LEQ 0s¥0 ¥eS0 6290 LEL0 6580 00'5Z- 26'85- S9 L1 0o0e- 150 X 88'¥Fl- 06'6- ¥6'6- Ve oz
A [ 4
i Or SE 0€ S¢ 0¢ Sl ol S St Or Se 0e S¢ 0z Sl 0L S () Ve




