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2.0 SYSTEMS









 2.1 Box acquisition and dropping system (BADS)






Purpose: Stacks boxes on board the tower and drops them upon request

Data input: Orders from brick, trigger sensor
Output: Forklift motor
Description

Forklift: 
It consists of a single fork which fits under a box. The horizontal fork is connected to a vertical shaft which is lifted by a winch controlled by a motor. Lift sequence is triggered by a reading from a proximity sensor located at the back of the shaft. The lowering is a passive mechanism involving gravity. The box is guided into the shaft by rails on both sides.
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Latches:

It’s a passive mechanism that supports the boxes in the shaft after being lifted. The 2 latches, located roughly ½’ higher than the top of a box on the ground, stop the boxes from falling when the forks are dropped. They are opened by a box being lifted and close when the fork reaches a maximum height.
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To unload the stack, we lift the 3rd box high enough to release the blockers, but not high enough to relock them, such that all 3 boxes are supported by the forklift.

Door:


This passive mechanical device eliminates the need for a door protecting the stack from falling during sharp robot movements.

When a single box is present; the extra wide latches are enough to provide adequate support. For a stack of 2 or 3 boxes, a vertical slider with rubber contact points at its bottom generates enough friction to hold the boxes if the robot is tilted 70 degrees forward. The 3rd box is only lifted 1/8” off the ground and the fork is long enough to provide mote than enough support.
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2.2 Box and obstacle Recognition System (BOReS)





NB: This system is fully operational and debugged in stand alone version, but not implemented to the final product presented. It is described here in case the user wishes to implement it, which would drastically improve the performance of the robot.

Purpose: Recognize and locate boxes, obstacles and walls

Data input: High US (HUS), Low US (LUS), 2 x Proximity switches integrated in one lateral proximity sensor (LPS)
Output: Search and retrieve boxes, avoid obstacles

Description

The LUS is positioned 2’ from ground level and provides sight perpendicular to the path, facing left. The LPS is at the same elevation, but provides sight to the right and in front of Megatron, with a much shorter range. The HUS is facing forward at an elevation of 10’. In order to avoid interference between HUS and LUS, they are only activated when asked to do a reading and remain dormant otherwise.
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A reading from the HUS indicated the presence of a wall/obstacle. A reading from the LUS indicated the presence of a box if different from HUS value.


To reduce error due to unreliability of the US, the difference between the LUS and HUS has to be greater than 20cm (10cm of which consist of the box’s width, 10cm for minimal separation from the wall) for the Megatron to detect a box. The downside of this strategy is that boxes 10cm or closer to a wall/obstacle will be ignored.


The LPS is used to follow walls and for more accurate box approach. It is also used to avoid obstacles approaching directly in front of Megatron.
2.4 Navigation System (NAS)








Purpose: Allows the Megatron to navigate in enclosed area and align itself relative to the floor grid.

Data input: 2 x Light sensor, Obstacle and box location from the BOReS,  LPS
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Output: Driving motors

Description


The data from the two light sensors, along with an odometer to keep track of heading, x and y position, allow the NAS to accurately describe Megatron's position on the grid.

The light sensors are used primarily to correct the heading given by the odometer due to inaccuracies caused by slippage. When passing a black line the NAS will trigger a correction macro to realign Megatron parallel/perpendicular to the walls, and correct the x and y coordinates based on which grid square it is in. This function is called after the unit has strayed from its straight path to fetch a box, or when a maneuver has been executed to avoid an obstacle. In this way, the system can correct errors in the heading, and x and y position based on the grid lines.

Simultaneously, the LPS readings are used as input to implement a wall follower for most of the sweeping pattern.

Data from the odometer is used to measure the distance traveled and convert that into x and y co-ordinates, referring to squares (not distance) and using the stacking area as the origin. 

3.0 ARCHITECTURE
The whole system is running off a single brick. Megatron starts by initializing the NAS to orient itself facing east and initiates searching pattern. Most of the search will be done using LPS data to implement a wall follower. The search will go on until Megatron finds the unloading area (constant period of dark floor on both LS)
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With a robot width of 9” and detecting lateral boxes up to 75 cm away, this single spiral is enough to coves the whole area, minus dead angles.

Advantages of this search pattern: 

· simple

· easy to implement

· independent of unknown variables (grid size & stacking location)

Once the unloading area is detected, the system disables orientation correction from NAS & wall following algorithm, marks the start of stacking area and if box count = 3, drops the stack of boxes. After backing up and avoiding the stack, Megatron marks the location of the far edge of unloading zone.

For subsequent stacking, Megatron will follow a consistent approach: slow, but failsafe and easy to implement, using either odometer value or HUS “seeing” previous stack to target next drop.
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If 3 boxes had been picked up before reaching the stacking area, the search will be resumed from there.

Advantages: 

· simple

· easy to implement

· independent of unknown variables (grid size & stacking location)

· Allows for good protection of stacks from dumb robot

Problems: Might be a bit slow (sacrificing speed for security)


Throughout the process, unless deactivated, the BOReS will be actively looking for boxes/walls. When a box is found, the NAS path correction thread is interrupted and the Megatron moves towards the box. Once it gets there, a proximity switch on the back of the forks will interrupt the forward motion and activate a lift sequence. If the rebot detects that a box hasn’t been picked up and seems jammed, Megatron initiates a jiggle movement aimed at properly aligning the box. In the event that we run head first into a box, the BADS will momentarily interrupt the motion and pick it up. If we run into an obstacle, the NAS will go around it.
4.0 COMPUTER SYSTEMS
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Master Brick

· Input: All sensors 
· 2 x LS

· LUS
· I2C Multiplexer

· HUS

· LPS (2 x proximity sensors)

· Lift trigger (1 x Proximity sensor)

· Output: All Motors

· Left Wheel

· Right Wheel

· Lift winch

5.0 LIMITATIONS
Physical limitations:

· CPU processing speed limited at 48Mhz

· Working environment limited to a location which respects the following criterion: dry, good floor traction, room temperature, finite space (10’x10’), navigation grid on the floor of variable grid spacing

· While in operation, human interference can alter performance

· Can not operate in the dark (due to passive light sensing)

· Maximum forklift load of 2kg

· Maximum operation time of roughly 15 minutes (power limitations

· Box size (as specified in glossary) 


6.0 STANDARDS












· NXC language

· NXT sensor protocol emulation for sensor multiplexer
7.0 COMPATIBILITY
· Software is compatible with Lego Mindstorm NXT Bricks

· Proprietary proximity sensor is compatible with Lego NXT

· Compatible with any 9V power source

8.0 PORTABILITY

- The robot can fit in a box of inner dimensions: 8’x10’x16’


- Approx weight: 2.8 kg
9.0 REUSABILITY

It is highly recommended to change batteries between usages.
10.0 CONSTRUCTION REQUIREMENTS
10.1 Materials











· 3 NXT Lego kits

· 18 AA batteries

· 16 AWG wires

· 10 AWG wire (for weight)

· Breadboard

· Solder

· IC chip

· LED light (white, red)

· Network cable female end

· General purpose tape

· Rope (not stretchable)

10.2 Tools











· Laptop (PC or Mac, need a USB or Bluetooth interface)

· Solder iron

· Pliers
· Wire strippers
11.0 GLOSSARY
Box: In out context, a box refers to a 10cm x 10cm x 10 cm Styrofoam boxes weighing approximately 3g and lifted 1cm off the ground by 4 thumb tacks used as legs. Also important to mention that it consists of 2 even horizontal layers of Styrofoam which do not necessarily line up flawlessly 

BADS (Box Acquisition and Dropping System): Includes the forklift and front door of the tower, controlled by the slave brick.

BOReS (Box and Obstacle Recognition System): System responsible to locate boxes and obstacles
HUS (High Ultrasonic Sensor): Refers to the most elevated US onboard the Megatron
LPS (Lateral proximity sensor): Dual proximity sensors located on the right side of the robot

LUS (Low Ultrasonic Sensor): Refers to the least elevated US onboard the Megatron

Megatron: Name of the robot (complete system). Megatron is a self sufficient robot that can track, grab and relocate boxes in an enclosed area with the help of various sensors.
NAS (Navigation System): Enables Megatron to navigate in the proposed enclosed area

NXT:  (taken directly from www.lego.com) LEGO MINDSTORMS NXT includes an NXT Intelligent Brick with 32-bit microprocessor, 3 Servo motors, a sound sensor, an ultrasonic sensor, a touch sensor, and a light sensor. The kit also features 519 LEGO TECHNIC elements, 4 input ports, 3 output ports, 7 6-wire cords Matrix display, Piezo speakers, USB 2.0 and Bluetooth support and a PC and Mac compatible programming software.
PS (Proximity sensor): Consist of an infra-red LED emitter 1 cm away from a receptor. The quantity of reflected IR light detected is inversely proportional to the distance of the object reflecting it.

US: Lego Mindstorm Ultrasonic Sensor
LS: Lego Mindstorm Light sensor
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