ON-SITE MINING

A minimum amount of 10 kg of BP-1 must be mined and deposited during either of two competition attempts
according to the rules to qualify to win in this category. If the minimum amount of 10 kg of BP-1 is not met
for an attempt, then the total score for that attempt will be 0. In the case of a tie, the teams will compete in
a tie-breaking competition attempt. The judges’ decisions are final.

The teams with the first, second and third most mining points averaged from both attempts will receive 25,
20 and 15 points, respectively. Teams not winning first, second or third place in the mining category can
earn one bonus point for each kilogram of BP-1 and/or icy regolith simulant (gravel) mined (&eposited
up to a maximum average of ten points. a\

Mining Points Attempt

Mining Category Elements Specific Points Actual i Ying
N, oints

Pass Inspections: 0 or 1000 1 1000
BP-1 over 10 kg: +3/kg 0
Gravel (Icy Regolith Simulant) +15/kg 0
kg:
Average Bandwidth: -1/50kb/sec a_ 66 | Kbps/sec -21
Camera Bandwidth Usage 200kb/cam 40 Kbps/camera -8
Mining Robot Mass: 62.55 kg -500.4
Report Energy Consumed: 9 Watt-hour -9
Dust Tolerant Design (30%) & 30/19 Judges’ 49
Dust Fee Operation (70%) Decision
Autonomy: 0 0
Total: 0

le 1: Mining Category Scoring Sheet

quired to perform two official competition attempts (10 minutes allowed
terpillar Mining Arena. The Arenas are filled with compacted BP-1 that
lith. The mining area will contain BP-1 up to a depth of approximately
ill be approximately 30 cm depth of gravel with a mean patrticle size

1) Competition Teams will
for each run) using B
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diameter of ~ i imulates icy regolith buried in the Martian regolith. Larger rocks may also be
mixed in with t d BP-1 in a random manner. Note that gravel may be mixed in with the BP-1,
but the b be in the bottom 30 cm of the mining area only. Three obstacles will be randomly
placeg craters on each side of the Arenas. The mining robot will be placed in the arena in
ara ed starting position. Each competition attempt will occur with two teams competing at
thega R sOne on each side of the Arena. After each competition attempt, the gravel will be returned
to the lower 30 cm of the mining area and the BP-1 will be returned to the top 30 cm in a compacted

state, and the obstacles and craters will be re-set in the Arena. The competition attempts will be chosen
at NASA'’s discretion.

2) The scoring for the Mining Category will require teams to consider a number of design and operation
factors such as dust tolerance and projection, communications, vehicle mass, energy/power required, and
autonomy. In each of the two official competition attempts, the teams will score cumulative Mining Points.

3) See Table 1 for the Mining Category Scoring Sheet. The teams’ Mining Points will be the average of
their two competition attempts.
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Each team will be awarded 1000 Mining points after passing the safety inspection
and communications check.

During each competition attempt, the team will earn 3 Mining points for each kilogram in excess
of 10 kg of BP-1 deposited in the Collector Bin. (For example, 110 kg of BP-1 mined will earn
100 Mining points.)

During each competition attempt, the team will earn 15 Mining points for each kilogram of
simulated icy regolith (gravel) deposited in the Collector Bin. The gravel will be sieved ‘tat the
Collector Bin and weighed separately from the BP-1. \

During each competition attempt, the team will lose 1 Mining point fo§each 50
kilobits/second (kb/s) of average data used.

During each competition attempt, the team will lose 200 kb/s of data,for i onal
awareness camera used (Camera Bandwidth Usage 200kb/camera)
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DUST-FREE OPERATION - The 70 points for dust-free operation will be broken down as follows:

i. Driving without dusting up crushed basalt 20 points
ii. Digging without dusting up crushed basalt 30 points
iii.  Transferring crushed basalt without dumping 30 points

the crushed basalt on your own Robot



k) AUTONOMOUS OPERATION - During each competition attempt, the team will earn up to 500
Mining points for autonomous operation. Mining points will be awarded for successfully
completing the following activities autonomously:

i. Crossing the obstacle field (two times only, Outbound and back): 50 points
ii. Crossing the obstacle field, excavate and returning to the collection bin: 150 points
iii. Crossing the obstacle field, excavate and depositing regolith (two times): 250 points
iv. Fully autonomous run for 10 minutes: 500 points

[) The points earned for autonomy are not cumulative. Levels 1 through 4 points will be incrementally
achieved. For example if level 2 is achieved then the points for level 1 are not coynted. The
autonomy points are awarded for the whole competition attempt and not for each ru lggoss the
obstacle zone. If the robot fails to achieve autonomy during the competition attempt, and manual

cannot be transmitted to the mining robot in the autonomous
health of the mining robot is allowed during the autonom
continue to operate for the entire 10 minutes to qualify for

n) The walls of the Caterpillar Mining Arena shall not be us ing by the robot to achieve
autonomy. The team must explain to the inspecti dges heir autonomous systems work
and prove that the autonomy sensors do not us walls. Thefe are no walls on Mars and teams

shall operate as closely as possible to a Mars i0 of operations. Integrity is expected of all
team members and their faculty advisors. i
result in disqualification from the competi

4) All excavated mass deposited in the CoIIe )
weighed after the completion of each ¢
the Collector Bin and weighed separately.

ring each official competition attempt will be
tempt. All gravel will be sieved out from the BP-1 at

5) The mining robot will be pla the randomly selected starting positions. See Diagrams 1 and 2.

terpillar Mining Arena from the team’s starting area. The team'’s starting
immediately before the competition attempt. Mining is allowed as soon

9) is allotted a maximum of 5 minutes to place the mining robot in its designated starting
position within the Caterpillar Mining Arena; and remove the mining robot from the Caterpillar Mining Arena
after the 10-minute competition attempt has concluded and as directed by the Mining Judge.

10) The mining robot operates during the 10-minute time limit of each competition attempt. The
competition attempts for both teams in the Caterpillar Mining Arena will begin and end at the same time.

11) The mining robot will end operation immediately when the power-off command is sent, as instructed
by the Mining Judge.



12) The mining robot cannot be anchored to the BP-1 surface prior to the beginning of each
competition attempt.

13) The mining robot will be inspected during the practice days and right before each competition
attempt. Teams will be permitted to repair or otherwise modify their mining robots while the RoboPits are
open.

14) At the start of each competition attempt, the mining robot may not occupy any location outside the
defined starting position in the Caterpillar Mining Arena. See Caterpillar Mining Arena definition for
description of the competition field.

15) The collector trough/sieve top front edge will be placed so that it is in the vertical plane ofm‘e adjacent
end wall of the Caterpillar Mining Arena. The top edge of the sieve will be approximately @55 meter +/- 0.05
m from the top of the BP-1 surface directly below it. The sieve screen frame will have t ame)ppening
dimensions and internal slope angles as the trough but will be suspended above it. @ege Dia

a) The top opening inner dimensions for both the trough and the sieve s
same: 1.575 m long by 0.457 m deep with the same slope angles of 44 d
degrees at the ends.

ees\long sides and 51

b) With the addition of the sieve screen, the effective height ough lip is raised by 3.8
cm above the trough alone. The sieve screenis 6.4 cm b the si fame top.
See Diagrams 1 — 3.

c) Target(s) or beacon(s) may be attached to the ¢
purposes only. This navigational aid system must\be

r trough (Aot the sieve frame) for navigation
ched during the setup time and removed

d) The outside dimensions of the collector tr
meters wide.

e) The navigational aid syste
be permanently attached

f) The mass of the nayi
kg and must be self-p
g) The target/beace
except for Visible

h) i ation from the laser instrumentation vendor must be given to the inspection

inspect and verify that all laser devices are a class | or Il product and they have not
dified (optics or power).

i)

\*
16)\fhere be three obstacles placed on top of the compressed BP-1 surface within the obstacle area
before each competition attempt is made. The placement of the obstacles will be randomly selected before
the start of the competition. Each obstacle will have a diameter of approximately 10 to 30 cm and an
approximate mass of 3 to 10 kg. There will be two craters of varying depth and width, being no wider or
deeper than 30 cm. No obstacles will be intentionally buried in the BP-1 by NASA, however, BP-1 includes
naturally occurring rocks.

17) The mining robot must operate within the Caterpillar Mining Arena: it is not permitted to pass beyond
the confines of the outside wall of the Arena and the Collector Bin during each competition attempt. The
BP-1 and/or gravel must be mined in the mining area and deposited in the Collector Bin. A team that



excavates any BP-1 from the starting or obstacle areas will be disqualified. The BP-1 and/or gravel must
be carried from the mining area to the Collector Bin by any means and be deposited in the Collector Bin
in its raw state.

A secondary container like a bag or box may not be deposited inside the Collector Bin. Depositing a
container in the Collector Bin will result in disqualification of the team. The mining robot can separate
intentionally, if desired, but all parts of the mining robot must be under the team’s control at all times. Any
ramming of the wall may result in a safety disqualification at the discretion of the judges. The walls may
not be used for the purposes of mapping autonomous navigation and collision avoidance (there are no
walls on Mars). Touching or having a switch sensor springwire that may brush on a wall as g.collision
avoidance sensor is not allowed. é

18) The mining robot must not use the wall as support or push/scoop BP-1 and/or gra
wall to accumulate BP-1. If the mining robot exposes the Caterpillar Mining Arena
excavation, touching the bottom is permitted, but contact with the Caterpillar Mining

up against the

airborne dust raised by either team during each competition attempt.

19) During each competition attempt, the mining robot is limited to auton
only. No physical access to the mining robot will be allowed during e
telerobotic operators are only allowed to use data and video origj
NASA video monitors. Visual and auditory isolation of the teler
the Mission Control Center is required during each competition atteWgt. Telerobotic operators will be able

to observe the Caterpillar Mining Arena through overhea e Caterpillar Mining Arena via
monitors that will be provided by NASA in the Mission rol Center” These color monitors should be
used for situational awareness only. No other outside ¢ jcation via cell phones, radios, other team
members, etc. is allowed in the Mission Control Ce, ompetition attempt begins. During the
5 minute setup period, a handheld radio link will ed between the Mission Control Center team

members and team members setting up the i pbot infthe Caterpillar Mining Arena to facilitate voice
communications during the setup phase only.

Equipment not on the mining ro d to receive data from and send commands to the mining robot for
telerobotic operations is excl e 80.0 kg mass limit.

e its own onboard power. No facility power will be provided to the mining
except that the mining robot must be self-powered and included in
limit of 80.0 kg. The energy consumed must be recorded with a
S) electronic data logger device. Actual energy consumed during each
n to the judges on the data logger immediately after the competition attempt.

be on the roBot and enabled at all times during the competition week. Disabling the kill switch without
authorization from the Competition Staff shall result in a safety disqualification. The emergency stopbutton
or kill switch shall have a minimum diameter of 40 mm on the surface of the mining robot requiring no
steps to access. The emergency stop button must stop the mining robot’s motion and disable all power
to the mining robot with one push motion on the button. It must be highly reliable and instantaneous. For
these reasons an unmodified “Commercial Off-The-Shelf” (COTS) red button is required. A closed control
signal to a mechanical relay is allowed as long as it stays open to disable the mining robot. This rule is to
safe the mining robot in the event of a fire or other mishap. The button should disconnect the batteries
from all controllers (high current, forklift type button) and it should isolate the batteries from the rest of the
active sub-systems as well. Only laptop computers may stay powered on if powered by its internal battery.



23) The mining robot must be contained within 1.5 m length x 0.75 m width x 0.75 m height. The mining
robot may deploy or expand beyond the 1.5 m x 0.75 m footprint after the start of each competition
attempt, but may not exceed a 1.5 meter height. The mining robot mass is limited to a maximum of 80.0
kg. During the excavated mass dumping operations only, the mining robot may deploy itself and exceed
1.5 m in height, but must be lower than the height of the ceiling of the tent, which is less than 2.5 m
above the surface of the regolith. The mining robot may not pass beyond the confines of the outside wall
of the Caterpillar Mining Arena and the Collector Bin during each competition attempt to avoid potential
interference with the surrounding tent. The team must declare the orientation of length and width to the
inspection judge. Because of actual Martian hardware requirements, no ramps of any kind will be
provided or allowed. An arrow on the reference point must mark the forward direction of the ng robot
in the starting position configuration. The judges will use this reference point and arrow to Orient the
mining robot in the randomly selected direction and position. Multiple mining rob systems are
allowed but the total mass and starting dimensions of the whole system must comply wit i
dimensions given in this rule.

Martian environment and if such resources used by the mini
mining robot. Closed pneumatic mining systems are allowed only i

gas is’supplied by the mining robot
e robot and self-contained.

ible System functionality but the components do
prsion. Examples of allowable components are:
patteries; composite materials; rubber or plastic
hes; infrared sensors, inertial measurement units, and
but proceed at your own risk since the BP-1 is very dusty.
they are strong enough to be safe. Teams may not use

not have to be traceable to a Martian qualifie
Sealed Lead-Acid (SLA) or Nickel Metal Hydri
parts; actively fan cooled electronics; mo i

nopPpenetrate the BP-1 surface with more force than the weight of the mining
competition attempt.

2 a

s;rﬁbe to netork, BP-1 manipulation, ramming, flipping, pinning, conveyance of current, or other forms of
damage as decided upon by the judges. Immediate disqualification will result if judges deem any maneuvers
by a team as being offensive in nature. Erratic behavior or loss of control of the mining robot as determined
by the judges will be cause for immediate disqualification. A judge may disable the mining robot by pushing
the red kill switch or emergency stop button at any time.
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