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1.

Abstract

The objective of our project, 
Quadratus
, is to design and to build a walking
autonomous robot that will be able to navigate a grid and climb stairs. The robot will be no
bigger than 7x7x7 inches so that it will be able to climb the stairs efficiently. We chose to
design the robot using four legs to provide better stability and to make the task simple. In
addition, the robot will use infrared sensors to determine the distances of the obstacles. We
chose infrared because the robot will perform indoors only.
2.

Project Description

Our goal is to make the robot navigate the grid and climb up and down the stairs in a
timely fashion. The robot will be designed so that it can avoid some obstacles on the grid and
can find a more open route to traverse.
3.

Block Diagram

The intended design of the walking robot is the following:

The 
Robot Controller is the brain of the robot. It will be responsible for receiving the
information about the environment around the robot and from the user interface
.
It also can
make the decisions for guiding the robot across the grid and over the stairs. The proposed
microcontroller for this task is a PIC32.
The 
Sensors are responsible for getting the information about the placement of the
obstacles and the stairs around the robot. This information is then sent to the robot controller.
The proposed sensors are three infrared range finders VL6180.
The 
User commands recognition is a simple system to tell the robot when to start
moving and to make it stop.
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The 
Servo controller receives the instructions from the Robot controller and drives
the servos. We will use the Adafruit 16channel PWM/Servo Shield.
The 
Servos allow the robot to move its legs. The physical design that we want to
achieve consists of four legs with two degrees of freedom on each leg. This will allow the
robot walk, turn, and climb and descend the stairs.
The 
Power System 
gives energy to the whole system allowing the microcontroller and
the sensors to function correctly and making the servos move.
4.

Mockup Illustrations

The proposed design for the walking robot is the following: A fourlegged robot with
two degrees of freedom on each leg. The first movement will be on an vertical axis
perpendicular to the ground and the second movement will be on an horizontal axis parallel to
the ground. This way we can achieve a rotating movement and also we can make the walking
movement. As a result, the robot will have 8 degrees of freedom.
We will also use three infrared range finders to detect the obstacles and the stairs.
These will be placed in the front and the sides of the robot.
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5.

Performance Requirements

As a general requirement, the robot must be able to walk the grid which comprises of
single step increments across a 3x3 square area with obstacles and stairs. Let’s have a look
at the four main performance requirements: Walking, Autonomous Operation, Obstacles and
Stairs.
5.1.

Walking

The robot must comprise of a number of legs rather than wheels to move. The robot
must be able to fit inside a 7x7x7 inch cube. The robot must not exceed this size to prevent it
from simply climbing over the walls to reach it’s destination.
5.2.

Autonomous Operation

The robot must be able to operate autonomously without user input using it’s own
intelligence system, being able to detect obstacles and stairs in order to get to the target
location.
5.3.

Challenge 1: Obstacles

The robot must be able to traverse a flat grid with obstacles as it moves to a target.
The grid will be made of walls that are a few inches tall. The movement must be achieved by
walking. Rolling is not allowed.
5.4.

Challenge 2: Stairs

The robot must be able to traverse a grid with a set of stairs that it must go over as it
moves to a target. It must be able to go up and down the stairs and get to the target.
6.

Testing Procedures

6.1.

Servos

We will use the oscilloscopes and power supplies in the lab to determine the voltages
that we will need to drive the servos for our robot’s specific tasks.
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The servos are standard servos that operate at 
50 Hz, controlled by a PWM signal to
drive the servo position.
6.2.

Sensors

We will use the I2C protocol to monitor data from the sensors and use that data to
determine the distances of walls in front, to the left, and to the right of the robot. We will then
interpret this data to get an understanding of when the robot should stop or turn to avoid
collisions.
6.3.

Microcontroller

The microcontroller is a PIC32 that operates at 50 Mhz. The microcontroller will read
data from the sensors and will send calculated PWM values to the servo controller.
6.4.

Battery

Applying KVL and KCL, we will calculate the voltage and current needed for each
component as well as each circuit so that we can distribute the power appropriately to every
part of the robot.
7.

Benchmarks

7.1.

Servos

The servos are to provide the robot the ability to walk forward as well as turn according
to the PWM signals sent by the servo controller.
7.2.

Sensors

The sensors are to provide the robot with accurate distance readings based on how far
the robot is from the walls.
7.3.

Microcontroller

The PIC32 is to interpret data from the sensors to determine the position on the grid
and stairs. In addition, the microcontroller will drive the motors to behave according to the
robot’s current location.
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7.4.

Battery

The battery is to supply the correct amount of operating power to each of the
components used to create the robot for the entire duration of its performance.
8.

Project Plan

● Marc will be in charge of the sensors and making sure the data is accurate for the
microcontroller to interpret.
● David will be responsible for configuring the servo motors.
● Eric will be in charge of the software that allows the robot to navigate the grid and
climb the stairs.
● Kenny and Va are responsible for the hardware design of the robot.
9.

Milestones

Quadratus will be the result of four months of research, design and construction of the
robot. These are the main milestones:
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10.

Cost Analysis

The available budget for the walking robot project is 
$300
. This is how we are going to
spend the money:

Distribution of expenses:
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