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CTC++ channels for Arty 

1 Introduction 
The assignment given for this project was to write CTC++ channels for Arty. The CT in CTC++ 
stands for Communicating Threads. It is a programming construction based on the CSP language 
developed by Hoare in 1978[1]. This has been ported by Gerald Hilderink to a Java[2], a C and C++ 
library. The C++ library is called CTC++ and is being used at the Control Engineering group of the 
University of Twente. 

Arty is a mobile robot that was built in 1999 by a group of second year students. At that time CTC++ 
was being developed, but was not yet usable. Therefore Arty was programmed in a framework called 
20-works that is used at the Control Engineering. The higher control loop was agent based[3,4]. 

To be able to program Arty using CTC++, a CTC++ program should be able to interface to the sensors 
and actuators of Arty. For this purpose, channels were developed that can read from and write to the 
sensors and actuators of Arty. The channels that were written are discussed in chapter 2. 

Besides the writing of the channels, a program was written that can demonstrate the use of the 
channels that were written. This program is discussed in chapter 4. To be able to determine the 
parameters of the PI controllers in this program, a 20-sim model of Arty was made. Chapter 3 
elaborates on this. 
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2 Arty channels 
The main goal of this assignment was to write CTC++ channels that could be used to control the 
hardware of Arty. First a small description of the hardware of Arty is given. After this, a description of 
all the channels is given. 

Figure 1 shows a schematic of the hardware of Arty. The parts are discussed briefly below: 

PC/104 board This processor board contains a 486 processor with 4MB of RAM and a 
1MB Flash disk. It has 2 serial ports, a parallel port, a floppy drive 

connector and connections for IDE hard disks. 

Two drive wheels The wheels are driven by motors that have a 1:200 gearbox and an 
optical encoder connected to the motor axis. The motors are PWM 

steered. 

Two bumpers The bumpers are mounted on the front and the rear, each having 2 
switches; one at the left and one at the right. 

Eight ultrasonic sensors At the front and the back, four ultrasonic sensors are mounted. The 
sensors send out a chirp signal of 49.4 kHz, one at a time. They measure 

the time it takes for the pulse to return. The sensors need at least 20 cm in 
front of them to work properly. 

IR sensor mast Inside the sensor mast, there are two IR sensors that can pickup 40kHz 
modulated IR signals. The mast is connected to an optical encoder and a 

motor. 

6V battery with conversion 
and charging circuitry 

The 6V battery is connected to a circuit that converts the 6V to 5V for the 
electronics. In addition, a charging circuit is available, although this has 
not been tested. The drive motors are powered by the 6V of the battery. 
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Figure 1. Overview of the hardware of Arty 



For the hardware mentioned above, channels are written that can be used in a CTC++ program. The 
channels are discussed below. The channels were tested using the programs in the Channel Test 
directory. 

 

Battery type: ChannelIn<char> 

On Arty, there is the possibility to measure the battery voltage. The Battery channel returns the result 
of an A to D conversion of the battery voltage.  

 

Bumper type: ChannelIn<bool> 

There are four bumper sensors available on Arty: FRONT_LEFT, FRONT_RIGHT, REAR_LEFT, 
REAR_RIGHT. When instantiating a new Bumper channel, one must specify which bumper sensor 
status it must return. When the channel returns true the bumper is pressed, and when the bumper 
returns false the bumper is not pressed.  

The read method only returns when the value has changed. The Bumper channel should be added to an 
InterruptManager to function properly. 

 

Encoder type: ChannelIn<int>, ChannelIn<double> 

Arty contains 3 digital encoder sensors, namely RIGHT, LEFT and IR. Of these, RIGHT and LEFT are 
connected to the right and left motor and they return the value of a pulse counter that is reset after the 
channel is read. This is the only way the counters reset. The IR encoder is connected to the IR sensor 
mast and the value the channel returns is an absolute position, when proper initialization is used.  

The IR encoder is an incremental encoder that has a zero position. The counter will reset at this zero 
position. The problem is that at startup the counter is also zero, with the encoder probably not being at 
the zero position. To initialize the counter properly the encoder should turn to the zero point, so the 
counter will reset at the zero point. The process using the channel should do this initialization. The 
channel itself does not do this. 

The Encoder channels have two operating modes, namely blocking and non-blocking. In the non-
blocking a read action immediately reads the counter value, resets itself for the left en right encoders 
and returns. In the blocking mode, the encoder channel must be registered with a Timer object. Upon a 
read action on the channel, the channel blocks the reading process until the next Timer interrupt. 
Inside the interrupt routine the counter is read, reset and the blocked process is released.  

 

Irpulsewidth type: ChannelIn<int> 

In the sensor mast of Arty there are two IR sensors looking at opposite sides. Each IR sensor is 
connected to a counter that counts the pulse width of the signal that comes from the sensor. The value 
of the counter is reset on the rising edge of the input signal. The counter value is latched to an output 
register on the falling edge of the input signal. The output register is reset after reading from it.  The 
Irpulsewidth channel returns the value in the output register. So when the channel is read before a 
signal was seen the value read is 0. 

When instantiating an Irpulsewidth channel one must specify which sensor to read, the FRONT or the 
REAR sensor. 
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Motor type: ChannelOut<char>, ChannelOut<double> 

There are three motors on Arty: LEFT, RIGHT and IR. The LEFT and RIGHT are connected to the left 
and right wheels. The IR motor is connected to the sensor mast. The motors are controlled using a 
PWM signal. The pulse width and the direction can be controlled with the Motor channel. The 
minimum value that can be written to the channel is –128 and the maximum value 127. In the channel, 
there is no checking of the range sent to the channel. 

 

Powersupplycontrol type: ChannelOut<char > 

The Powersupplycontrol channel provides a way to turn off the power supply to Arty and a way to 
enable the charging of the batteries when a charging voltage is connected.  

When bit 0 of the character that is written is set, the power supply of arty is shutdown. When this is 
done it will not have a way to recover on it’s own. The power switch on Arty should be pressed to 
enable the power supply again. 

Bit 1 of the character written determines if the batteries are being charged. Setting this bit enables the 
charging process. 

 

Powersupplystatus type: ChannelIn<char > 

The power supply print on Arty provides some feedback signals. These can be read using the 
Powersupplystatus channel. 

The A/D converter value that can be read using the Battery channel is constantly compared to 2 
predefined values. These values can be set by dipswitches of the power supply print. The results of 
these comparisons determine bit 0 and bit 1 of the char read from the channel. They are set when the 
A/D value is larger then the predefined value. 

The value of bit 2 is determined by the status of the battery. This bit is set when the battery is fully 
charged. Bit 3 is set when a charging voltage is connected to the power supply print. 

 

Sonar type: ChannelIn<int > 

On Arty there are 8 sonar distance sensors. They are called: FRONT_LEFT, FRONT_MID_LEFT, 
FRONT_MID_RIGHT, FRONT_RIGHT, REAR_LEFT, REAR_MID_LEFT, REAR_MID_RIGHT, 
REAR_RIGHT. When instantiating a Sonar channel one must specify which sonar value to return. 
They work by sending out a 50 kHz acoustic pulse and then measuring the time for the pulse to return. 
Two sensors are used at the same time, one at the front and one at the rear. The switching frequency 
between sensors is 10 Hz, so all distances are updated at a rate of 2.5 Hz. 

The value that is returned by the channel is the value of a counter that increments with a certain 
frequency until the pulse that was send is received back. The frequency was chosen in such a way that 
one step of the counter correspond to a difference of 2 cm in distance to the object. Therefore, the 
value returned by the channel is the distance in cm to the object in front of the sensor, divided by 2. 

The Sonar channel is a blocking channel. When the channel is read, the channel blocks the reading 
process and waits for an interrupt to be generated. This is done when all sensor values are updated. For 
the channel to work properly, the Sonar channel should be added to an InterruptManager. 
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3 20-sim model of Arty 

3.1 Introduction 
When one wants to control Arty, a proper controller should be used. Controllers can be made and 
simulated in 20-sim. When this is done, a suitable model of the plant should be available. As this was 
not the case for Arty, a 20-sim model for Arty was created. 

3.2 The model 
A model of Arty was constructed by looking at the electrical and mechanical parts of Arty. Figure 2 
and Figure 3 show the model. Some of the parameters of the model were already known or could be 
roughly estimated without being too imprecise. The ones that could be determined directly are: 

ElectricalMotorResistance: 

The measured resistance of the motor is 1.3 Ω. 

GearBox: 

The gearbox is a 1:200 so this parameter is 0.005. 

Wheel: 

The radius of the wheel is 5 cm, so this parameter is 0.05 m. 

RotationSpeedToEncoder: 

The encoder gives 2000 pulses on a full rotation. The rotation speed is measured in rad/s. K = 
2000 / (2 * pi) = 318.3 rad/s. 

Sample_time_compensation: 

This changes the encoder value from pulses per second to pulses per measurement by 
multiplying by the sampletime. 

SignalLimiter & Quantize: 

This changes the input values, which is a real, to an integer and then transforms it to a char by 
taking the lowest byte. This means that a value of 128 gives an output value of –128 and a 
value of –129 gives an output value of 127. 

PWMValueToVoltage: 

At a PWM value of –128 the voltage across the motor is approx 6V dependent on the battery 
voltage. This makes the scaling factor 6/128 = 0.046875. 

Wheel_load: 

This is a very small mass when Arty is lifted from the ground and approximately 5 kg per 
wheel when on the ground. This has not been measured and is a very rough estimate.  
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Figure 2. Arty model 
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PWM_holdQuantisize  
Figure 3. Model of the “ElectricalSystem” 

 

The parameters that could not be determined directly are: 

1. DeadZoneCompensation 

2. CurrentToTorque 

3. RotationInertia 

4. BearingResistance 

3.3 Measurement 
To be able to determine the remaining parameters of the model, measurements were needed. These 
were obtained using the MotorParam program. The program periodically (at 500 Hz) reads the 
encoder channel and saves these values together with the PWM values send to the motors. At certain 
moments in time, the PWM value is changed. All this information is stored in arrays and at the end of 
the program, these arrays are written to file. This measurement was done two times. One time with 
Arty lifted from the ground and one time with Arty on the ground. 

The results of these measurements are shown in Figure 4 and Figure 5. The figures show the PWM 
value that was sent to the motors and the measured encoder values. One thing that can be concluded 
by looking at the figures is that the left and the right motor have different responses to the set voltages. 
In addition, the speeds are not linear with respect to the voltage applied to the motors. 

 8 



CTC++ channels for Arty 

-400

-300

-200

-100

0

100

200

300

400

0 5 10 15 20

PWM value
Speed left
Speed right

 
Figure 4. Results of the measurements with Arty lifted off the ground 
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Figure 5. Results of the measurements with Arty on the ground 
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3.4 Parameter estimation 
3.4.1 DeadZoneCompensation parameters 
First, the DeadZoneCompensation parameters were estimated. The DeadZoneCompensation block 
converts the linear input values to a non-linear output. This mimics the fact that for small PWM 
values, the wheels do not move. See Figure 6 for the parameters that are involved. These parameters 
were estimated for both the left and the right motor as they have a different response. This was done 
using the DZC_estimation 20-sim model and the DZC_estimation experiment. 

XF

XB

    dXF 
    dYF 

    dYB 

    dXB Forward_gain = dYF / dXF 
Forward_offset = XF 
Backward_gain = dYB / dXB 
Backward_offset = XB

From the measured data, the steady state encoder values were determined for the different PWM 
values. These were scaled in such a way that the maximum speed of one side equaled 6 Volt (See 
Appendix D). This voltage data was then copied together with time information to a file that can be 
read 20-Sim. Using the model in Figure 7 and the optimization option of 20-Sim, the parameters of the 
DeadZoneCompensation were estimated. The Broydon, Fletcher, Goldfarb, Shanno optimization 

e of 0.005. 

The paramete ations are: 

method was used with a toleranc

r estim

Motor Left Right 

Forward_gain 1.127 1.017 

Forward_offset 12.32 3.59 

Backward_gain 1.106 1.077 

Backward_offset 19.44 17.92 

Figure 6. Parameters of the DeadZoneCompensation 
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Figure 7. Model used for the estimation of the DeadZoneCompensation parameters 

3.4.2 Motor parameters 
After the parameters of the DeadZoneCompensation were determined, the other three parameters that 
where not known could be determined. This was also done using a 20-Sim simulation. The model can 
be seen in Figure 8. 

In this model, both measurements that have been made, namely the one with Arty off the ground and 
the one with Arty on the ground, are taken into account. SignalGenerator1, 2 and 3 read data from the 
measurement with Arty lifted from the ground. SignalGenerator 4, 5 and 6 read data from the 
measurement with Arty placed on the ground. 

The Left_motor and Right_motor blocks contain the model of Figure 2 with two changes. The first 
change is that they now use global variables so that changes made to parameters work on all motor 
models. The second change is that an extra block is added so that the current when running at full 
speed can also be taken into account in the estimation process. If this is omitted, the simulated motor 
current will be larger then the actual current. 

The difference between the model and the measurement is squared and summed together. The goal for 
20-Sim was to minimize this integral of this sum. The optimization option of 20-Sim was chosen to 
minimize the integral of the signal coming into the SignalMonitor. The Broydon, Fletcher, Goldfarb, 
Shanno optimization method was chosen with a tolerance of 0.01. 

 

 11



Measurement with Arty lif ted from the ground

Measurement with Arty on the ground
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Figure 8. Model used to determine the CurrentToTorque, the RotationInertia and the 
BearingResistance. 

For the estimation, it was assumed that the left and right motors are identical. The BearingResistance 
can be different for the both sides because of possible differences in the mounting of the wheels, 
motors and gears. 

After optimization, 20-Sim came up with the following values: 

Motor Left Right 

CurrentToTorque 0.0106 

RotationInertia 0.164 

BearingResistance 0.608 0.427 
 

In Table 1 all the parameters with their values can be found. 
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Parameter Motor 

 Left Right

ElectricalMotorResistance 1.3 

GearBox 0.005 

Wheel 0.05 

RotationSpeedToEncoder 318.3 

PWMValueToVoltage 0.046875 

Forward_gain 1.127 1.017

Forward_offset 12.32 3.59 

Backward_gain 1.106 1.077

Backward_offset 19.44 17.92

CurrentToTorque 0.0106 

BearingResistance 0.608 0.427

RotationInertia 0.164 

Table 1. Parameter values 
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4 MindCT1 
During the D1 project in which Arty was created, software for Arty was written that was called 
MindXX where XX is a certain number. The higher the number, the more advanced the software is[3].  

To have a usable demonstrator for the channels that were written, an attempt was made to write new 
software for Arty using the CTC++ library that would mimic the behavior of the original Mind02 
program. During this attempt, a number of problems were encountered, which are discussed below. 
After this, the complete model is discussed. 

4.1 Agents 
The original Arty software was programmed based on agents. It contained the following agents: 

• Keyboard agent: 
This agent allows control of Arty using the keyboard. It is activated by pressing shift-a and 
deactivated by pressing shift-d. When it is activated, Arty can be controlled by using the 
numeric keypad (with NumLock on). 

• Bumper agent: 
The bumper agent is activated when a bumper is pressed. It is deactivated a certain amount 
of time after all bumpers are released. When a bumper is pressed, it tries to drive away from 
the obstacle that pressed the bumper. 

• Turn agent: 
The turn agent becomes active when the distance traveled over a certain amount of time is 
very low. When it is activated, it turns to the side in which any obstacles are the furthest 
away. It does so until there is 60 cm of room in front of Arty. 

• Explorer agent: 
This agent always wants to be active. The task is to travel as far as it can. It does so by 
steering to the side with the most space in front. This is done by letting the right sonar 
control the speed of the left motor and vice versa. The function used for the motor speed is: 
    Motor speed = ((tanh (( rightValue - 55 ) * 1.6 / 10 ) + 1 ) / 2) * max motor speed 

 

The problem is that the agent concept does not directly map to a CT concept. The reason for this is 
that in the agent concept, only one agent is active at any time, while in CT processes continue to run 
until they terminate. For the agent concept this means that only one agent provides a reference input to 
the PI controllers. When each agent is transformed to a process, there must be some mechanism that 
determines which process provides this input to the PI controllers.  

For this a multiplex process was created. Each process connected to this multiplex process can claim 
the outgoing channel by sending a value that is not infinity. The value send by the process with the 
highest priority is put on the outgoing channel. A process can release its claim by sending infinity to 
the multiplex process. When the highest priority process releases its claim, the multiplex process finds 
the next highest priority process that claimed the outgoing channel and outputs its last value.  

By placing a multiplex process between every channel that has multiple writers, an arbitration 
mechanism is introduced. This way the agent concept can be used in CT. 

4.2 External channels 
In the used version of CTC++, alting on external channels is not possible. This is used in the PI 
controllers and the agents. To overcome this problem, every external channel was buffered by a 
process that reads from the external channel and writes the read value to an internal channel. This way, 
the alting is done on internal channels.  
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4.3 Termination 
The third problem that was encountered was the possibility to terminate the program. There is no way 
to terminate a process externally. The only way to do this, is by sending a signal to the process, and let 
the process terminate as a reaction. 

To be able to terminate the Arty program, a termination process was written. This process waits for a 
true on a Boolean channel. When a true is received, it sets a global variable on which all the buffer 
processes react. When the buffer process has read a value from its input channel and written that value 
to its output channel, it checks the global variable. If this is set, it tries to write to a channel connected 
to the termination process. A consequence of this is that all buffers must complete their read action 
before they terminate. This means that to terminate the MindCT program, first the keyboard signal to 
terminate must be given. After this, each bumper switch has to be pressed once, to terminate the read 
action on the bumper channels. 

The termination process reads from all its registered channels on which it has to wait. When it has 
received a signal from all the buffers, it sends a true on registered output channels, and waits for a true 
to be returned on these channels. This way, all the buffers and all processes are signaled to terminate 
in an orderly fashion. 

4.4 Complete model 
Figure 9 and Figure 10 show the compositional and the communication view of the GMLT model of 
the MindCT software. At the moment everything is in Parallel, but it might be better to place the 
buffers in a PriPar. The effect would be that the external channels would be read as soon as possible, 
which results in a smaller chance of losing external signals. 

In Figure 10 one can see that the number of channels that are involved is rather large. The real number 
of channels is even larger, because now the external channels are modeled as one channel, while in 
reality they are multiple channels. In addition, the channels used for the termination of the program are 
not shown. 

 
 

Figure 9. GMLT model of MindCT (compositional view) 
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Figure 10. GMLT model of MindCT (without communication for termination) 
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5 Conclusions and recommendations 

5.1 Conclusion 
During this assignment, CTC++ channels were written to make it easy to control Arty in a CTC++ 
program. To test the channels that were written, a test program was written called MindCT1. This 
program was to mimic the behavior of a previously written, non-CT program. To determine the correct 
parameters of the PI controllers in the program, a 20-sim model was made. 

Three issues were encountered during the writing of the MindCT1 program: 

1. How to incorporate agents in a program using CT. 
This issue was solved by using a multiplex process. 

2. Alting on external channels. 
This problem can be circumvented by using extra buffer processes between the external 
channel and the process that communicates with them. 

3. Termination of the program. 
This was solved by having a termination process that takes care of an orderly termination of 
all processes. This however gives some problems in the buffer processes, because of the 
impossibility of alting on external channels. 

5.2 Recommendations 
5.2.1 Arty 

• Provide a better development environment for Arty. Now there is no easy way to get 
programs to Arty. During this project, this was done using a serial cable, which is rather 
slow. What is even more of a problem is the available amount of hard drive space on Arty. 
The current flash disk is 1 MB in size. A large part of this is already taken by DOS, the 
serial copy programs and the DPMI host. The Processor board has a connector for a flash 
drive. These can be the same as used on the VIA processor boards. Perhaps it is an idea to 
upgrade the complete processor board to the new VIA board. The power consumption of 
these boards is higher, so this might give problems. 

• Revise the power management print. The current print does not do what is was supposed 
to do. The 6V battery voltage is converted to 5V using a linear regulator which causes it to 
burn away energy. Furthermore, the recharging of the batteries is only partially 
implemented and not tested. Perhaps it is an idea to change to a 12V battery when making 
a new PCB. This would make things a lot easier because there are more IC’s that can 
convert 12V to 5V then 6V to 5V, the battery can be drained further and there is more 
power available for motors. 

• Revise the motor suspension, gears and motors themselves. The current motors give Arty 
a rather slow speed. This can be changed by using other gearboxes with a lower ratio like 
100:1. As can be seen in the measurements Arty accelerates to 95% of its maximum speed 
in 0.2 seconds. By changing the gear ratio, the maximum speed will increase. This will 
also decrease the acceleration, but this can be allowed. The average current usage of the 
motors will also increase. 
The current motors and suspension give a lot of noise, which means they are not running 
very smoothly. By changing the suspension, the gearbox and the motors, the efficiency 
could probably be increased. 

• Make better IR beacons. The current beacons are rather voltage dependant, which is not 
good when powered by batteries. New beacons could be based on a crystal and perhaps a 
microcontroller, which would make them more stable. 
More beacons could be made to incorporate a positioning system. 
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5.2.2 CTC++ channels and MindCT 
• When alting on external channels is enabled in CTC++, some buffers could be removed 

from MindCT1. In addition, the remaining buffers should be rewritten to include an Alt. 
This Alt would guard the external channel and a termination channel. 

• When alting on external channels is enabled, the channels should probably be rewritten to 
include support for alting on external channels. 

• A new MindCT could be written to include IR sensor data. This could give it the same 
behavior as the final software written by the D1 group. 
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Appendix A. Compiling the software 
To be able to compile the software the following is necessary: 

• DJGPP. 
This is the GNU compiler for DOS. It can be downloaded from: 
http://www.delorie.com/djgpp 
The following zip files are minimally needed: 

o bnu214b.zip 

o csdpmi5b.zip 

o djdev203.zip 

o fil41b.zip 

o gcc333b.zip 

o gpp333b.zip 

o mak3791b.zip 

The following zip files can be useful: 

o bsh204b.zip 

o rhid149b.zip 

o sed409b.zip 

o txi46b.zip 

• CT library 
This can be downloaded from the CE CVS server. 

• The software delivered with this report. 

It is assumed here that DJGPP is installed and added to the path, so that all tools can be used in any 
directory. 

To make the CT library, type the following in the CT directory: 
make clean 

make dos 

This will produce the CT library. The C++ version is ctcpp/lib/libcsp.a 

To make the ArtyChannels library, edit the bin/config.dos file in the ArtyChannels directory, so that it 
contains the correct directories. Then type in the ArtyChannels directory: 

make clean 

make dos 

This will produce the ArtyChannels library lib/libartychannels.a 

Type the following in the MindCT1 directory to make the MindCT1 program: 
make clean 

make dos 

The program is exe/MindCT1.exe 
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Appendix B. Communication with Arty 
To be able to run programs on Arty and view its output a connection must be made. This connection is 
made using two serial cables. The cable connected to COM1 on Arty is used for terminal 
communication. The cable connected to COM2 on Arty is used for file transfer. 

The programs for the terminal and the file transfer are to be used under DOS or a DOS box under 
Windows. This is tested under Windows 95 and 98. 

 

1. Connect COM1 of Arty to COM1 of the host computer. 

2. Connect COM2 of Arty to COM2 of the host computer. 

3. On the host computer type: 
tvterm com1 b57600 
This starts a terminal on the host computer. 
One can switch to the terminal by pressing ALT, RIGHT-SHIFT, P together 
One can switch back to the DOS prompt by pressing ALT, RIGHT-SHIFT, L together 

4. Turn on Arty. 

5. Chose the option 2 in the boot menu of Arty. Do this within 3 seconds or Arty will automatically 
start the temp.exe program 

6. Wait until Arty is fully booted into the DOS prompt. 

7. Using the terminal program on the host, execute the following command on Arty: 
twinrec 
This will cause Arty to wait for a file from the host computer 

8. On the host computer type: 
sendexe ‘filename’ 
This will send the file to Arty. It does so by copying the exe file to temp.exe, remove debug and 
compiler info from temp.exe and then send this file to Arty. The speed of the link is 115.2 kbit/s 
so transferring a file can take a while. 

9. Using the started terminal program, one can now start the C:\temp.exe program that was just 
transferred. 
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Appendix C. Running the CTC++ on Arty demonstrator 
To start the Arty demonstrator, do the following: 

1. Make sure that the MindCT1 program is on Arty and called c:\temp.exe 
Read Appendix A and B on how to do this. 

2. Make sure the batteries are charged. 

3. Press the ON button. 
The sonar sensors should now be audible. If this is not the case, press the black button 
beside the battery and press the ON button again. 

4. Wait until Arty starts to move. 
What it tries to do is drive as far as it can by seeking the most open space. 

 

 25





CTC++ channels for Arty 

Appendix D. Scaled steady state motor voltages 
 

PWM Voltage Left Right 

  Speed Scaled 
Voltage 

Speed Scaled 
Voltage 

-128 -6,00 -312,12 -6,000 -332,71 -6,000 

-112 -5,25 -250,94 -4,824 -264,47 -4,769 

-96 -4,50 -205,75 -3,955 -217,63 -3,925 

-80 -3,75 -162,84 -3,130 -173,27 -3,125 

-64 -3,00 -119,16 -2,291 -128,53 -2,318 

-48 -2,25 -77,69 -1,493 -84,94 -1,532 

-32 -1,50 -34,39 -0,661 -39,51 -0,713 

-16 -0,75 0,00 0,000 1,00 0,018 

0 0,00 0,00 0,000 0,00 0,000 

16 0,75 0,00 0,000 27,08 0,488 

32 1,50 57,47 1,105 74,67 1,347 

48 2,25 101,78 1,957 119,59 2,157 

64 3,00 145,94 2,806 163,57 2,950 

80 3,75 190,43 3,661 205,67 3,709 

96 4,50 232,69 4,473 246,29 4,442 

112 5,25 273,00 5,248 287,06 5,177 

127 5,95 307,78 5,917 319,02 5,753 
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