
Hardware Design

scoop
holds and deposits 

regolith

r-bars
linkage to control 

position of jaw

bent sheet aluminum

¼” aluminum plate

3D-printed

p-bars
parallelogram linkage to 
move the entire scoop 
assembly up and down

scoop carriage
rigidly holds shafts upon 
which the scoop and rbar 

pulleys rotate

encoder mount
holds the optical 

encoder for pbar angle

jaw pulley pair
(belts not shown)

custom 2-motor, 
3:1 gearbox



Hardware Design
bent sheet aluminum

¼” aluminum plate

3D-printed

robot mounts
attaches the two structural 
plates to the 80-20 bar on 

the mobile robot base

wrist stepper mount
holds stepper which 

controls articulation of the 
basin part of the scoop

scoop backing assembly
bracket and plate that secures the 
scoop to the axle controlled by the 
wrist stepper via belts and pulleys

DC steppers

DC gearmotors

structural plates
p-bars, motors, pulleys all attach 
here, which attaches to the robot

wrist pulley pair
(belts not shown)
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Software/System Architecture
ROS

Arduino
w/ DC Motor 
Driver Shield

Arduino
w/ DC Motor 
Driver Shield

Arduino
w/ Stepper Motor 

Driver Shield

24V Power

drive motor
output voltage

pbar motor
output voltage

scoop stepper
output pulses

pbar encoder
readings

wheel encoder
readings

localization node
uses wheel odometry and 

AprilTag detections to 
determine robot location in 

map frame

changes localization mode 
(AprilTag vs. odom) 

dynamically

object detection node
uses RGB thresholding and 
morphological operations to 

identify piles

uses depth image to locate 
the pile in 3D space (in the 

map frame)

navigation node
state machine that 

tracks and executes 
high-level trajectory

determines when 
system has arrived at 

each target

provides wheel, pbar, 
and scoop setpoints to 

the hardware node

directs localization 
node to localize with 
AprilTags or odom, 
based on trajectory 

step

Kinect

RGB image

apriltag
detectionsAprilTag 

nodedepth im
age

position data 
via serial

drive+pbar+scoop         control messages

pbar/scoop positions

odom

pile location

hardware 
node

interfaces with 
Arduinos over 

serial ports

reads odom 
and pbar/scoop 

pose from 
Arduinos, 

publishes over 
ROS

receives control 
messages, 

writes setpoints 
to Arduinos

tfrobot pose

AprilTag poses

camera transforms


