
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Electrical/Programming Team 

Build Season Log 

 

2011 FRC Season 



This Build Season Log documents all tasks that the Electrical and Programming Sub-Teams of FIRST Team 
Імнлу ά¢ƘŜ aŜǘƻƻƭ .ǊƛƎŀŘŜέ ŎƻƳǇƭŜǘŜŘ ŦƻǊ ǘƘŜ Cw/ нлмм {ŜŀǎƻƴΦ  9ǾŜǊȅ ƳŜƳōŜǊ ƻŦ ǘƘŜ ¢ŜŀƳ 
contributed to ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ ƻǳǊ ǊƻōƻǘΣ ŘǳōōŜŘ άtȅǘƘŀƎŀǊŀǳǎ wŜȄέΦ  hǳǊ ǘŜŀƳ ǇƘƛƭƻǎƻǇƘȅ ƛǎ άaŜƴǘƻǊǎ 
!ŘǾƛǎŜΣ {ǘǳŘŜƴǘǎ /ǊŜŀǘŜέΦ   
 
Pythagaraus Rex has the following features: 
-4WD (2 CIM Motors each) through 12.67 sprocket reduction Drive Train, highly maneuverable with 6έ 
tƭŀŎǘƛƻƴ ²ƘŜŜƭǎ ƛƴ ŦǊƻƴǘ ŀƴŘ сέ hƳƴƛ-Wheels in back. 
-Arm that generates 61 ft-lbs of torque (required:  30 ft-lbs with installed Gripper), using 2 Window 
Motors and a 4.8:1 Sprocket Ratio. 
-Gripper easily picks up tubes from inside, scores on Top Peg easily, accurately and consistently, using 2 
Window Motors, 1 acting as a Wrist and 1 to open/close the Gripper. 
-Autonomous Mode:  Scores 1 UBERTUBE on middle rack 82% (out of 11 trials) in 13.5 seconds using 
Line Sensors and a Finite-State-Machine. 
-Minibot:  Deployment to Target Disk:  5 seconds (approx) 
-Weight:   

Robot 118.8 pounds 

Bumpers ~13 pounds 

Minibot 5.2 pounds 

Battery ~13 pounds 

Total: 150 pounds 

 
 
//SIGNED//  
David Gitz, Electrical and Programming Team Mentor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



21-Feb-2011  1 Day till Ship 
Weighed Robot, 123.7 pounds.  Time to go on a big diet.  After about 5 hours, weight down to 118.8 
pounds, LEGAL.  Finished the majority of all wire management, worked on getting spare motors wired.  
Worked on autonomous, got to working at 82% (for middle line).  No testing for left/right lines.  Built 
code and put on Robot.  Did a little more drive team practice. 

 





 



Electrical Team 
Primary 
-Wire Management 
-Inspection Checklist 
-Prep robot for Crate 
Secondary 
-Electrical Schematic/Documentation  
 
Programming Team 
Primary 
-Test Tether operation 
-Autonomous Mode Testing:  With Front bumper 
Secondary 
-Pre-Match Checklist 
-Update Specifications (Controls) 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
19-Feb-2011 
Worked on minibot deployment, it is working but it is so powerful that it hits the pole and then bounces 
ōŀŎƪΦ  DƻƛƴƎ ǘƻ ǘǊȅ ǘƻ Ǉǳǘ ǎƻƳŜ ƳŀƎƴŜǘǎ ƻƴ ǘƘŜ ŜƴŘ ǘƘŀǘ ǿƛƭƭ ŀǘǘŀŎƘ ǘƻ ǘƘŜ ǇƻƭŜΦ  tŀǊŜƴǘΩǎ hǇŜƴ IƻǳǎŜ 
today.  During Open House, Window Motor on Wrist went out, replaced.  Noticed with extra weight of 
bumpers, minibot deployment and minibot robot very hard to rotate and drains battery very quickly.  
Saw that pushing force with one side (2 motors) is minimal and pulses at 1 second intervals, consistent 
ǿƛǘƘ пл! /ƛǊŎǳƛǘ .ǊŜŀƪŜǊΩǎ ǘǊƛǇǇƛƴƎ ŀƴŘ ǊŜǎŜǘǘƛƴƎΦ  Decided to swap out sprockets on Drive wheels with 
larger diameter sprockets to increase torque.  While swapping out sprockets minibot FELL OUT of Robot 
and upon inspection found that small gear in gearbox shattered.  After installing new sprockets robot 
very easy to turn and generates a lot of pushing force.  Worked on autonomous programming with new 
drive, got it working a little (require further testing) and need to work on left/right peg scoring as well. 
Electrical Team 
Primary 
-Wire Management 
-Inspection Checklist 
Secondary 
-Electrical Schematic/Documentation  
 
Programming Team 
Primary 
-Test Tether operation 
-Autonomous Mode Testing:  With Front bumper, rack wall. 
Secondary 
-Pre-Match Checklist 
-Update Specifications (Controls) 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
18-Feb-2011 



Worked on Minibot deployment.  Took a couple steps backward but we have a better plan now with less 
weight, which is great.  Should be able to implement within an hour at next meeting, ready for Open 
House hopefully. 
Electrical Team 
Primary 
-Wire Minibot deployment 
-Wire Management 
-Inspection Checklist 
Secondary 
-Electrical Schematic/Documentation  
 
Programming Team 
Primary 
-Test Tether operation 
-Autonomous Mode Testing:  With Front bumper, rack wall. 
Secondary 
-Pre-Match Checklist 
-Update Specifications (Controls) 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
17-Feb-2011 
Worked on minibot deployment, minibot wiring and removing unnecessary components.  Removed 
approximately 3 lbs from Robot, although added a little for minibot deployment will be able to remove 
another 2 lbs with sproŎƪŜǘ ǘŜƴǎƛƻƴŜǊΩǎ ƻƴ ƻǊŘŜǊ ŀƴŘ Ƴƛƴƛōƻǘ ŘŜǇƭƻȅƳŜƴǘ ƳƻǘƻǊ ōǊŀŎƪŜǘ ƳƻŘƛŦƛŎŀǘƛƻƴǎΦ 







 
Electrical Team 
Primary 
-Remove Relays 
-Remove unneeded sensors 
-Wire Minibot deployment 
-Wire Management 
-Inspection Checklist 
Secondary 
-Electrical Schematic/Documentation  
 
Programming Team 
Primary 
-Test Tether operation 



-Autonomous Mode Testing:  With Front bumper, rack wall. 
Secondary 
-Pre-Match Checklist 
-Update Specifications (Controls) 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
16-Feb-2011 
Started looking at any electrical issue (wires tied down, limit debris failures, etc).  Worked on minibot 
deployment and wiring of minibot.  Weighed robot, 123.1 lbs!  Robot going on a diet.   
Electrical Team 
Primary 
-Epoxy line sensors 
-Wire Management 
Secondary 
-Electrical Schematic/Documentation  
 
Programming Team 
Primary 
-Test Tether operation 
-Autonomous Mode Testing:  With Front bumper, rack wall. 
Secondary 
-Update Specifications (Controls) 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
15-Feb-2011 
Updated Crio TO v28, no issues.  Started working on scoring on left/right pegs in autonomous.  Need to 
check Autonomous modes with Bumpers and a stand-in wall for check if damage will ensue. 
Electrical Team 
Primary 
-Epoxy line sensors 
-Check BB for casing shorts 
-After all this, finish Wire Management 
-Add connections for Jaguar 5 (Minibot Deployment) 
Secondary 
-Electrical Schematic/Documentation  
 
Programming Team 
Primary 
-Minibot Manual deployment:  Controls on Front Panel for debugging 
-Autonomous Mode for Left Peg (no line):  Auto FSM state 
-Test Tether operation 
-Autonomous Mode Testing 
-Document Autonomous Modes for Driver Station 
Secondary 
-Update Specifications (Controls) 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   



-Update Controls Guide on Driver Station 
 
14-Feb-2011 
Had some issues with wiring.  In class some students had started working on moving wires around but 
ŘƛŘƴΩǘ ŦƛƴƛǎƘ ŀƴŘ ŘƛŘƴΩǘ ƛƴŦƻǊƳ ŀƴȅƻƴŜ ƻŦ ǿƘŀǘ ǿŀǎ ƎƻƛƴƎ ƻƴΦ  !ƭǎƻ ŀƴ ŀǘǘŜƳǇǘ ŀǘ ƭŜƴƎǘƘŜƴƛƴƎ the RSL 
cable was made, but no insulation and one wire was not connected, so there was a direct short.  Time 
ŦƻǊ ŀ ŎƻƴǾŜǊǎŀǘƛƻƴΧ 
Electrical Team 
Primary 
-Remove limit switches 
-Remove encoders 
-Epoxy line sensors 
-Cut zip tie tails 
-Swap drive motor back to Jaguar 4 
-After all this, finish Wire Management 
-Add connections for Jaguar 5 (Minibot Deployment) 
Secondary 
-Grill over fans 
-Electrical Schematic/Documentation  
 
Programming Team 
Primary 
-Minibot deployment :  Manual, Automatic 
-Autonomous Mode for Left Peg (no line) 
-Test Tether operation 
-Autonomous Mode Testing 
-Document Autonomous Modes for Driver Station 
Secondary 
-Update Specifications (Controls) 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
Shopping: 
-Fan Grill 
-Minibot top switch 
 
12-Feb-2011 
Spent a lot of time on autonomous mode.  Throughout the morning both encoders would not read for 
about 30 degrees of movement, probably a mechanical issue with the shaft not being aligned with the 
sensor.  Removed all encoders from program and rewrote program using line sensors and timing only.  
At the end of the day, we had completely scored 7 out of 7 times in autonomous mode! 
 
Electrical Team 
Primary 
-Signal Relays 
-aƻǳƴǘ ƭƛƳƛǘ ǎǿƛǘŎƘΩǎ 
-After all this, finish Wire Management 
Secondary 



-Electrical Schematic/Documentation  
-Bill of Materials 
-Minibot wiring  
 
Programming Team 
Primary 
 
Validation: 
-Gripper PID Tuning 
-Gripper Open/Close 
-Autonomous Mode 
Debugging:  
-Signal Relays 
 
Secondary 
-Document Autonomous Modes for Driver Station 
-Update Specifications (Controls) 
-Classmate Programming:  Tube Color, Peg Choice, Arm Angle, Gripper Angle, Line Status, Vision Score 
and target coordinates 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
11-Feb-2011 
Started working on Gripper PID Tuning.  Found that Encoder PCB had come detached from enclosure, 
epoxy had failed.  Going to have to install with mechanical hardware.  Confirmed that Arm Angle holds 
while driving forward in Autonomous.  Worked on Line-Sensing some more. 
Electrical Team 
Primary 
-Signal Relays 
-aƻǳƴǘ ƭƛƳƛǘ ǎǿƛǘŎƘΩǎ 
-After all this, finish Wire Management 
Secondary 
-Electrical Schematic/Documentation  
-Bill of Materials 
-Minibot wiring  
 
Programming Team 
Primary 
 
Validation: 
-Gripper PID Tuning 
-Gripper Open/Close 
-Autonomous Mode 
Debugging:  
-Signal Relays 
 
Secondary 
-Document Autonomous Modes for Driver Station 



-Update Specifications (Controls) 
-Classmate Programming:  Tube Color, Peg Choice, Arm Angle, Gripper Angle, Line Status, Vision Score 
and target coordinates 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
Issues 
-Programming Team:  Dev Computer/Driver Station LV Updates Friday, cRIO Updates Saturday morning.:  
HOLD 
-Minibot Hot-Glue vs. Polycarbonate Glue 
 
10-Feb-2011 
Finished Arm PI Tuning, looking pretty good.  Need to check to see how it holds up when driving around.   
Electrical Team 
Primary 
-Signal Relays 
-aƻǳƴǘ ƭƛƳƛǘ ǎǿƛǘŎƘΩǎ 
-After all this, finish Wire Management 
Secondary 
-Electrical Schematic/Documentation  
-Bill of Materials 
-Minibot wiring  
 
Programming Team 
Primary 
 
Validation: 
-Arm PID Tuning 
-Gripper PID Tuning 
-Autonomous Mode 
Debugging:  
-Signal Relays 
 
Secondary 
-Document Autonomous Modes for Driver Station 
-Update Specifications (Controls) 
-Classmate Programming:  Tube Color, Peg Choice, Arm Angle, Gripper Angle, Line Status, Vision Score 
and target coordinates 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
Issues 
-Programming Team:  Dev Computer/Driver Station LV Updates Friday, cRIO Updates Saturday morning. 
-PID Tuning: 

Manual tuning 

If the system must remain online, one tuning method is to first set Ki and Kd values to zero. Increase 

the Kp until the output of the loop oscillates, then the Kp should be set to approximately half of that value 



for a "quarter amplitude decay" type response. Then increase Ki until any offset is correct in sufficient 

time for the process. However, too much Ki will cause instability. Finally, increase Kd, if required, until the 

loop is acceptably quick to reach its reference after a load disturbance. However, too much Kd will cause 

excessive response and overshoot. A fast PID loop tuning usually overshoots slightly to reach the 

setpoint more quickly; however, some systems cannot accept overshoot, in which case an over-

damped closed-loop system is required, which will require a Kp setting significantly less than half that of 

the Kp setting causing oscillation. 

 
 
9-Feb-2011  
Worked on Gripper PID tuning.  Gripper falls from gravity very fast when given slight downward 
command, need to damp this or PID tuning will be pretty hard and probably not very effective. 
Electrical Team 
Primary 
-Signal Relays 
-Mount limit ǎǿƛǘŎƘΩǎ 
-After all this, finish Wire Management 
-Plastic enclosure panels 
Secondary 
-Electrical Schematic/Documentation  
-Bill of Materials 
-Minibot wiring  
 
Programming Team 
Primary 
 
Validation: 
-Arm PID Tuning 
-Gripper PID Tuning 
-Autonomous Mode 
Debugging:  
-Signal Relays 
 
Secondary 
-Document Autonomous Modes for Driver Station 
-Update Specifications (Controls) 
-Classmate Programming:  Tube Color, Peg Choice, Arm Angle, Gripper Angle, Line Status, Vision Score 
and target coordinates 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
 
8-Feb-2011 
{ƻƭǾŜŘ ƭƛƴŜ ǘǊŀŎƪƛƴƎ ǇǊƻōƭŜƳΣ ƛǘ ǿŀǎ Ƨǳǎǘ ǘƘŀǘ ǘƘŜǊŜ ǿŀǎƴΩǘ ŀ ƘƛƎƘ ŜƴƻǳƎƘ ǾŀƭǳŜ ōŜƛƴƎ ŘŜƭƛǾŜǊŜŘ ǘƻ ǘƘŜ 
motors.  During initial testing on January 20th weight of robot was about 30 lbs less than current.  Since 

http://en.wikipedia.org/wiki/Overdamping
http://en.wikipedia.org/wiki/Overdamping


we do not have the minibot/deploy system or bumpers installed yet, which could add another 30 lbs, 
should wait (or simulate weight) before working on line sensing again. 

 





 
Electrical Team 
Primary 
-Signal Relays 
-After all this, finish Wire Management 
Secondary 
-Electrical Schematic/Documentation  
-Bill of Materials 
-Minibot wiring  



 
Programming Team 
Primary 
 
Validation: 
-Arm PID Tuning 
-Gripper PID Tuning 
-Autonomous Mode 
Debugging:  
- Line Sensing 
-Signal Relays 
 
Secondary 
-Update Specifications (Controls) 
-Classmate Programming:  Tube Color, Peg Choice, Arm Angle, Gripper Angle, Line Status, Vision Score 
and target coordinates 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
 
7-Feb-2011 
Troubleshooting Line Sensor issue.  Sputtering issue remains with different batteries.  Does not occur 
when line sensing is initiated during Autonomous.  Gripper Encoder works. 
6-Feb-2011 
Electrical Team 
Primary 
EBoard -  
 -Labeling 

-Iƻǘ DƭǳŜ {ǇŜŜŘ /ƻƴǘǊƻƭƭŜǊΩǎΣ ƻǘƘŜǊǎ 
-Install Antler Encoder 
-Signal Relays 
-Mount Claw/Gripper Encoder 
-After all this, finish Wire Management 
Secondary 
-Electrical Schematic/Documentation  
-Bill of Materials 
-Minibot wiring  
 
Programming Team 
Primary 
-Fix Operator Autonomous Mode entry (trigger) 
-Test Switches 
-Test Gripper Encoder 
 
Validation: 
-Autonomous Mode 
-Arm PID Tuning 
-Gripper PID Tuning 



Debugging:  
- Line Sensing 
-Signal Relays 
 
Secondary 
-Update Specifications (Controls) 
-Classmate Programming:  Tube Color, Peg Choice, Arm Angle, Gripper Angle, Line Status, Vision Score 
and target coordinates 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
5-Feb-2011 
I was gone for the last week for work.  Today we got the Arm Encoder working and a rough PID tuning 
finished, along with the Arm Angle states.  Worked on minibot wiring.  Worked on Line Tracking using 
timer only, had issue with the robot not working Line Tracking:  Line Sensors were working, correct 
signals were being sent to the drive wheels as indicated by the program and Victors flashing green, but 
motors would sputter once then stop every second or so.  Saw on the diagnostics tab of the DS that we 
were getting a Camera error with the Get Size.vi.  Disabled vision processing for now.  When in manual 
mode the robot ǿƻǳƭŘ ƘŀǾŜ ŀ ƴƻǘƛŎŜŀōƭŜ ƭŀƎΦ  ²ŀǎƴΩǘ ŀōƭŜ ǘƻ ǘǊƻǳōƭŜǎƘƻƻǘ ǘƘƛǎ ŀƴȅ ŦǳǊǘƘŜǊ ŘǳŜ ǘƻ ǘƛƳŜ 
constraints.  Disabled line following for now.  If this problem persists without the vision in place think 
the battery we were using may be bad (it was a fresh battery but when turning in manual mode it would 
dip down to 8 volts, maybe a bad cell). 
Electrical Team 
Primary 
EBoard -  
 -Labeling 

-Iƻǘ DƭǳŜ {ǇŜŜŘ /ƻƴǘǊƻƭƭŜǊΩǎΣ ƻǘƘŜǊǎ 
-Fix Camera Power 
-Install Signal Lights 
-Install Flashlight 
-Intall Arm Encoder 
-Mount Claw/Gripper Encoder 
-Install Ultrasonic Sensors 
-Mount Accelerometer/Gyro 
-After all this, finish Wire Management 
Secondary 
Electrical Schematic/Documentation ς Eric.  This should be presentable on a poster but useful for 
troubleshooting. 
Bill of Materials 
Minibot wiring  
 
Programming Team 
Primary 
-Arm PID Tuning 
-Test Switches 
-Test Encoders 
-Test Ultrasonic Sensors 
-tǊƻƎǊŀƳ ŀǳǘƻƴƻƳƻǳǎ ōŜƘŀǾƛƻǊ ŦƻǊ ά!ƴǘƭŜǊέΥ  ¢ƛƳŜǊΚ 



 
Validation: 
-Test Line Sensing ς Make sure is exiting out of correctly. 
Debugging:  
- Research άwƻōƻǘ CǊŀƳŜǿƻǊƪ ƴƻǘ ǊǳƴƴƛƴƎ Ŧŀǎǘ ŜƴƻǳƎƘέ ƛǎǎǳŜΦ 
-Driver/Operator Camera Mode should turn on Camera Light, turn off when Camera Mode is done 
όŘƻƴΩǘ ǿŀƴǘ ǘƻ Ǌǳƴ ŦƻǊ н ƳƛƴǳǘŜǎ ŘǳŜ ǘƻ ƘŜŀǘ ŘƛǎǎƛǇŀǘƛƻƴύΦ 
-Go through and look for obvious things.   
 
Secondary 
-Update Specifications (Controls) 
-Classmate Programming:  Tube Color, Peg Choice, Arm Angle, Gripper Angle, Line Status, Vision Score 
and target coordinates 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
31-Jan-2011  21 Days till Ship 
Electrical Team 
Primary 
EBoard -  
 -Labeling 

-Iƻǘ DƭǳŜ {ǇŜŜŘ /ƻƴǘǊƻƭƭŜǊΩǎΣ ƻǘƘŜǊǎ 
-Fix Camera Power 
-Install Signal Lights 
-Install Flashlight 
-Intall Arm Encoder 
-Mount Claw/Gripper Encoder 
-Install Ultrasonic Sensors 
-Mount Accelerometer/Gyro 
-After all this, finish Wire Management 
Secondary 
Electrical Schematic/Documentation ς Eric.  This should be presentable on a poster but useful for 
troubleshooting. 
Bill of Materials 
Minibot wiring  
 
Programming Team 
Primary 
-Arm PID Tuning 
-Test Switches 
-Test Encoders 
-Test Ultrasonic Sensors 
-tǊƻƎǊŀƳ ŀǳǘƻƴƻƳƻǳǎ ōŜƘŀǾƛƻǊ ŦƻǊ ά!ƴǘƭŜǊέΥ  ¢ƛƳŜǊΚ 
 
Validation: 
-Test Line Sensing ς Make sure is exiting out of correctly. 
Debugging:  
- wŜǎŜŀǊŎƘ άwƻōƻǘ CǊŀƳŜǿƻǊƪ ƴƻǘ ǊǳƴƴƛƴƎ Ŧŀǎǘ ŜƴƻǳƎƘέ ƛǎǎǳŜΦ 



-Driver/Operator Camera Mode should turn on Camera Light, turn off when Camera Mode is done 
όŘƻƴΩǘ ǿŀƴǘ ǘƻ Ǌǳƴ ŦƻǊ н ƳƛƴǳǘŜǎ ŘǳŜ ǘƻ ƘŜŀǘ ŘƛǎǎƛǇŀǘƛƻƴύΦ 
-Go through and look for obvious things.   
 
Secondary 
-Update Specifications (Controls) 
-Classmate Programming:  Tube Color, Peg Choice, Arm Angle, Gripper Angle, Line Status, Vision Score 
and target coordinates 
-Documentation:  Flow Chart Teleop,Periodic Tasks, Vision (Autonomous when it is completed more).   
-Update Controls Guide on Driver Station 
 
 
29-Jan-2011  23 Days till Ship 
Finished installing new Arm.  Arm torque at 61 ft-lbs!  More work on wiring Arm.  Installed Arm Encoder.  
5ŜǘŜǊƳƛƴŜŘ ǘƘŀǘ DǊƛǇǇŜǊ ǾŜǊ н ǿƛƭƭ ƴƻǘ ǿƻǊƪ ŘǳŜ ǘƻ упέ ŎȅƭƛƴŘŜǊΦ  LƴǎǘŀƭƭŜŘ DǊƛǇǇŜr ver 3.  Installed 
another window motor for Gripper ver 3 actuator.  Worked on refining code for easier control. 



 




