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SPACE-S (Satdllite Positioning and Constructing Entities- SPHEREYS)

TO: Italia SPAZIO-SPHERES Teams
RE: ATTENTION! CALLING TEAMS TO BUILD SATELLITES!
All engineers in Satellite Positioning and Constru

The Italy Governing System urgently needs space en
relocation of humans to Mars.

As you are well aware, Italy is becoming uninhabit
to Mars permanently. For a smooth transportation to
best locations for residences and other buildings.
locations is to build surveying satellites to orbit

The Italian Government already launched the necess
space. Engineering teams are asked to construct the
zones”, identified based on current solar and meteo
coordinates of ideal zones are unknown until teams
Positioning System devices and get a reading. Once
assemble their satellite pieces at their zones.

Good luck to all participating space engineers.
On behalf of the Italian Government,

Alvaro Senza-Otero

cting Entities division,

gineers to facilitate

able and we have to relocate
Mars, we must first scout out the
Fastest way of identifying these
Mars.

ary satellite pieces into the
se pieces into satellites in “ideal
rite activity. However, the
place their three Satellite
the SPS are placed, teams can

RE: RE: ATTENTION! CALLING TEAMS TO BUILD SATELLITE
New information!

We are informed that the space engineers from our
also trying to build satellites to go to Mars. The
construct their satellites fastest will be made a ¢
want some of the satellite pieces that you've alrea
wish all engineering teams luck in this competition

May the best team win.
On behalf of the Italian Government,

Alvaro Senza-Otero
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ZRHS 1taly 2016 Game M anual

1. Game Overview

Figure 1: Game Overview (with axes corrected agagordinates corrected)
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Matches of SPACE-SPHERES will be played betweenSR6IERES, controlled by programs written by
two separate teams. Each team will compete to thevenost points when the round time is up. Each
round lasts 180 seconds. Points may be generatedllbgting the items (representing the satellite
pieces) spread across the playing field and drgpiiem off inside one’s assembly zone, represefttiag
ideal place to construct a satellite.
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1.1 Overview of Game Features

This game features Satellite Positioning Systengj$fems, Assembly Zones, and Satellite Piece ltems

1.1.1 Satellite Positioning System (SPS) Items

At the start of the game, there are three Satélligitioning System (SPS) items given to each SHHER
Teams need to place these three SPS items fartagiarin a triangle; the area of the SPS-triangudat
region is used to calculate the error radius te&rhines the team’s estimated assembly zone. The
greater the area is, the more precisely they wilinformed of the location of their SPACE-S’ assgmb
zone. Read more about SPS items in section 1.4. Assembly zones in section 1.1.2.

1.1.2 Assembly Zones

The assembly zone is a spherical location whicls e interfere with existing satellite orbits,dmsen
randomly from a specific range of coordinatess lbout the size of one SPACE-S, with a diameter of
0.2 meters. Once all three SPS items are placegyldlyer will be able to use the functioool
game.getZone(float zonelnfo[4]) to learn the estimated zone, that is a spheraa avithin

a certain radius of error from the true centeheirtassembly zone. The radius of error of therestd
zone will be calculated as inversely proportiowaite area of the triangle formed by the SPS.
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Figure 2: SPS and Assembly Zones (with axes caueahd X,y coordinates corrected)
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1.1.3 Satellite Piece Items
Once the SPACE-S knows where to assemble thedatallite, it may begin moving satellite piece ieem

to its own specified assembly zone. Satellite iteorse in three sizes: small, medium, and largenicea
accumulate points for every second that an iteleftisn their zone. The larger the object is, theren
points it will be worth, and the slower you will@derate while holding it (read in section 1.4.3.4). In
order for a SPACE-S to pick up an item, it mustldimcthe item (docking information is in sectiod 2).
The items are distributed symmetrically on the mitp the reflection point for each one being akibiet
origin. This way, each item and its reflected pa@ the same distance away from each SPACE-S.

1.1.4 Locations of Items and SPACE-S
The locations of satellite items, and the oppoIiSACE-S are revealed to the teams. Teams enter the
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specified item ID’s (described in section 1.4.3)l aise the functiomoid getltemLoc(float
posl], int itemID) to get the location of the item. A SPACE-S can enamywhere on the map
and have fixed initial positions (described in &attl.3.5).

1.1.5 Docking

To pick up a satellite piece, a SPACE-S needs poogeh the item, slow down to below .01m/s, be
pointing at the item and calling the docking fuantiThe SPACE-S needs to stop in front of the i@
certain distance to pick up and the item will beased at the same distance away (described iorsect
1.4.2). A penalty is added for docking incorre¢diso described in section 1.4.2)

1.2 Game Layout

The Zero Robotics High School Tournament Italy 2@4l6be conducted in simulation. The game is
played in an area called the Interaction Zoneld§rs leave the Interaction Zone, they will be
considered out of bounds. The location of the SPHER measured from the center of the satellite.

The Interaction Zone for the game has the follovdimgensions:

Table 1: Interaction Zone Dimensions

X [m] [-0.75: +0.7&
Y [m] [-0.75 : +0.7E
Z[m] [-0.75: +0.7E
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Figure 3: Interaction Zones (with axes corrected;ay coordinates corrected)
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3D Phase

Penalties are added for a) calling the dock functiben docking criteria are not met, b) collidinighw
items, and c) for staying in the opponent’s assgmbhe for longer than 10 cumulative seconds. See
section 1.4.5 for more information about penalties.

1.3 Satellite

Each team will write the software to command a SRHE satellite to move in order to complete the
game tasks. A SPHERES satellite can move in aktons using its twelve thrusters. The actual
SPHERES satellite, like any other spacecraft, Haglasource (in this case liquid carbon dioxidedl @
power source (in this case AA battery packs). Theseurces are limited and must be used wisely.
Therefore, the players of Zero Robotics are limitethe use of real fuel and batteries by virtimits
within the game. This section describes the lingiteshich players must adhere to wisely use real

SPHERES resources.
esa @
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1.3.1 ZR User API

Here is a list of functions available in this ysagame. Details can be found in the SPACE-SPHERES
API (found in Table 2). In order to use these fiorg, use the syntax game.functionName(inputs).

For example; game.dockltem()

For functions not listed in Table 2, use the symtpixfunctionName(inputs), unless they are math
functions, which can be called without referencéhtoinstance.

For example; api.setPositionTarget(float posTagjet[

Generic ZR user API Linkattp://static.zerorobotics.mit.edu/docs/tutorialR/Ziser API.pdf

Table 2: SPACE-SPHERES API Reference
Name Descriptior

bool dockltem() Returns true if player picks up an item succesgfull
Attempts to pick up the item closest to the SPHERE.

bool dockltem(int itemID) Returns true if player picks up specific item swwstelly
Will only attempt to dock with itemID specified
@param itemID The integer identifier of a givermte

void dropltem() Drops the item that the sphere is currently holding

int getNumltem() Returns the number of total items in play, whethey have
been picked up yet or not.

void getltemLoc(float pos[], int itemID) Copies the location of a given item into the gieeray.
@param pos A pointer to an array of size 3 whidhlve
overwritten by the item location.

@param itemID The integer identifier of a givermite

void getltemZRState(float pos[12], int itemID) | Copies the ZR state of a given item into a giveayar
@param pos A pointer to an array of size 12 whiithbe
overwritten by the item state

@param itemld is the item whose state is beingesigal

bool itemInZone(int itemID) Returns whether the specified item is placed irr yaue.
Returns false if the item is being held or is mothe zone.

int hasltem(int itemID) Tells who has a given item.

@param itemID The integer identifier of a givermite
return O if no one has picked up the specifiethitl if you haveg
picked up item, or 2 if your opponent has pickedhitem.

int getltemType(int itemID) Returns what the item type is.
Possible Item Types:
* ITEM_TYPE_LARGE
* ITEM_TYPE_MEDIUM
* ITEM_TYPE_SMALL
@param itemID The integer identifier of a givesnit
return the corresponding item type to the givdamtifier.

void dropSPS() Drops SPS Items
float getScore() Returns player’s score
float getOtherScore() Returns opponent’s score
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float getFuelRemaining() Returns remaining fuel

Int getCurrentTime() Returns the time in the game

void sendMessage(unsigned char inputMsg) | SendsnputMsg to other satellite

unsigned char receiveMessage() Returns the most recent message sent by othéeliteatel
int getNumSPSHeld() Returns the number of SPSs still held by the sphere
bool getZone(float zonelnfo[4]) If all sps have been placed, returns true and s@=one

estimation in zonelnfo. Otherwise returns falsen Galy be
called once per second. (In 3D the same valueetirmed each
time the function is called)

bool hasltemBeenPickedUp(int itemID) Returns true if itemID has been picked up at sonietpReturns
false otherwise.

1.3.2 Fuel

Each player is assigned a virtual fuel allocatib6@®seconds, which is the total sum of fuel used i
seconds of individual thruster firing. Once th@adition is consumed, the satellite will not be dble
respond to SPHERES control commands. It will fimeisters only to avoid leaving the Interaction Zone
or colliding with the other satellite. Any actidmat requires firing the thrusters such as rotating,
accelerating or moving consumes fuel.

Table 3: Fuel Allocation
‘ Fuel Allocation [s | 60s |

1.3.3 Inter-satellite Communications

The satellites have the ability to communicate w#lch other using binary messages. The API furgtion
sendMessage and receiveMessage may be used tdatarzbtween the satellites. The bandwidth
available to the satellites is as follows: (addimgction for cooperation)

Table 4: Inter-satellite communications bandwidth

| Message si: ‘ Unsigned chz \
1.3.4 Code Size

A SPHERES satellite can fit a limited amount of eddl its memory. Each project has a specific cazie s
allocation. When you compile your project with adeosize estimate, the compiler will provide the
percentage of the code size allocation that yoojept is using. Formal competition submissions irequ
that your code size be 100% or less of the tolatation.
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1.3.5 Initial Position

The Blue Sphere starts at the X, Y, Z of [0.0,50@.0]. The Red Sphere starts at the X, Y, Z@0]- -
0.15, 0.0].

The satellite radius is 0.11m, but satellite positielative to game features is determined bydhbation
of the center of the satellite.

Table 5: Initial Positions

Rec
X [m] 0.C
Y [m] -0.1¢
Z[m] 0.C
Blue
X [m] 0.C
Y [m] 0.1t
Z[m] 0.C

1.3.6 Player ID

Users will identify themselves as “playerID = 1'daopponents as “playerID = 2" for all games, whethe
or not they are the red SPHERES or the blue omectisely.

1.3.7 Noise

It is important to note that although the two cotitpes in a match will always be performing the gam
challenge and have identical satellites, the twellitas may be affected by random perturbations in
different ways, resulting in small or even largeiatons in score. This is fully intended as pdrthe
challenge and reflects uncertainties in the stgallynamic and sensing models. The best performing
solutions will be those that prove to be robughise variations and a wide variety of object patans.

NORTHROP GRUMMAN.

- % o dm ‘i
||||| S @Lzﬁ";?? WNurora -~ cass g




11

1.4 Gameplay

In order to be victorious over the opposing teaachesatellite should place their three SPS iteisk d
satellite items to place in their zones, all whilanaging their fuel, their time, and their locat@mmthe
gameplay area.

1.4.1 Satellite Positioning System

There are 3 SPS items held by each SPACE-S atatie§all the games. The SPACE-S teams must
place them to triangulate their zone’s center. 38 locating works only after all 3 SPSs have been
deployed using the void dropSPS() function. SP8utatle a radius of error inversely proportionatite
area of the triangular SPS items and displays dhe wvith this radius of error. Upon dropping yomaf
SPS you will receive points equal to .1/(error uadli

SPS items cannot be placed outside game boundaries.
Table 6: Accelerating Rates with SPS items

No SPS 1 SPS 2 SPS 3 SPS
acc 8/9*acc % *acc 8/11*ac«

1.4.2 Docking

To dock with an item a SPACE-S must approach an,itet be moving faster than .01m/s, be pointing at
the item with a tolerance of 0.25 radians (The ahgtween the satellite's facing vector and théovec
between the center of the satellite and the ceriiteny face of the item is within 0.25 radians) Wathin

a specified distance of an item and calllthel dockltem() function. A penalty of .3 points is
imposed on a SPACE-S that attempts to dock ( daltkltem()  function) while not fulfilling the

docking requirements. Read more about penaltissdtion 1.4.5.

Table 7: Item Pickup Distances (meters from ceoftéiem)

Item Type 3D
Small [.124 :.146]

Medium [.138:.160]
Large [.151:.173]
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Figure 4: Docking Satellite Items (with axes coteglcand x,y coordinates corrected)
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1.4.3 Items

There are six Satellite items (of three sizes)temad around the interaction zone. Each has a eniqu

numeric identifier from 0 to N-1, where N is thenmoer of items. In the 2D version there are sixltota
items (0-5-).

Table 8: Item IDs and Location

Item Number Item Type 3D Location(X,Y,Z) |
0 Large (.23, .23, .23)
1 Large (-.23, -.23, -.23)
2 Medium (.36, -.36, .36)
3 Medium (-.36, .36, -.36)
4 Small (-.50, .50, .50)
5 Small (.50, -.50, -.50)
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The satellite items come with three sizes of wiiiire are two each. The Small item hasize and mass

of SPHERES. If collected in the zone, it gives Gslger second and if a SPACE-S carries it, it can
accelerate at 8/9 rate. The Medium item has Ysasidemass of SPHERES. When in the zone it gives 0.15
pts per second and a SPACE-S with the medium itewaccelerate &t rate. Finally the large item hés
size and mass of SPHERES. It gives 0.2 pts pendgemmaod makes a SPACE-S accelerate at 8/11 rate.

Table 9: Size and Mass of Items compared to a SEHIER

3D

Large Satellite Itel 3/8
Medium Satellite Iten 1/4
Small Satellite Iter 1/8

Table 10: Acceleration Rates for SPACE-S with dédfg ltems

3D

Large Satellite Itel 8/11
Medium Satellite Iten 4/5
Small Satellite Iter 8/9

Call the game function int hasltem(int item_idd&termine whether the item is held by nobody (0),
you (1), or your opponent (2).

A SPACE-S will be penalized if it collides with &em. The penalty will be determined by the SPACE-
S’s momentum when it collides with the item. Tpénalty applies everywhere except inside a SPACE-S
team’s own Assembly Zone where collisions with isewill not be penalized. See section 1.4.5 foremor
information about penalties.

The diagram below shows how the items are placeair®trically, at the same distance from the
diagonal.
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Figure 5: Diagonal Symmetry (with axes corrected &y coordinates corrected)
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1.4.4 Scoring Summary
Your score is largely based on the items you hay®ur Assembly Zone. Items are worth differeninpoi
values depending on their sizes.
The scoring calculation is as follows:
Table 11: Point Values

3D

Small Item [pts/se: 0.1

Medium Item [pts/se: 0.1%

Large Item [pts/se 0.2
Dropping final SPS ite .1/(error radius from SP
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1.4.5 Penalties

Your score may also change due to various penditéswill be enforced as you play the game.

The penalties will be enforced as follows:
Table 12: Penalties

Dock incorrectl -0.8
Collisions with items (-5.0x your SPHERES momentu

Collisions with SPHERES (at velocitir (-5.0x your SPHERES momentum. T
below collision avoidance threshold)| collision penalty is applied to both SPHERES
Remaining in opponent’s zol -0.4/sec (after cumulative 10 s

*There is no penalty applied for collisions witknts located inside the player's own Assembly Zone.

1.4.6 End of game

The game ends after 180 seconds. Whichever teamdwaspoints wins. In the unlikely case of a tie,
whoever is closer to the center/origin of the piagyfield at game end wins.

2. Tournament

A Zero Robotics tournament consists of several glhaslled competitions. The following table ligie t
key deadlines for the 2016 tournament season:

Table 13: Tournament Key Dates

Date (2017) Event

Until Jan-28th Registration (by submitting application document)
Jan-14 to Jan-27th | Warmup

Jan-30th to Mar-3rd | Competition

Mar-19th Final code submission (only the 6 finalists); no
leaderboard for this code

End March (TBR) National Virtual Finals

The rankings in each competition are determined bgaderboard, described below.

2.1 The Leaderboard

2.1.1 Introduction

The Zero Robotics Leaderboard has adapted oveetirs, and is now based on the Whole History
Rating (WHR) system. The WHR approach tracks ratihgoughout each phase of the competition in
order to rank players on the leaderboard. Ratinglisulated based on the probability of your team
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beating another team during a match (probabilitwiofs and losses). Scores from individual matches a
not factored into the calculation. See the “CalitatpRatings” section below for details.

The Leaderboard calculates ratings daily from thgimning of a competition until the submission
deadline. All matches during the competition pegodnt toward the rating in the competition. At the
end of each competition phase, the final standimgthe Leaderboard will determine which teams
advance to the next phase.

2.1.2 Playing Matches

Each day, at 21:59:59 UTC, (except on competitieadtines where posted times apply) your most
recently submitted code is collected by an autothsystem and played against other teams submissions
as described in the section titled “Standard plessfow. The “Standard Play” cycle is repeated d tufta
five (5) times using the team placement from thevimus cycle as the starting point for the nexieyc
Results are posted on the website after all fiyeybles have been completed. While the daily
competition is ongoing the leaderboard will notimble and clicking on the Leaderboard will rettine
message: “Results will be posted once the dailgddzoard run is complete”. Multiple “Standard play”
cycles are completed for the following reasonstd yettle or converge results daily. (This ensares
more accurate reflection of rank for teams enteaimgmpetition leaderboard for the first time.)I®)
provide more match data for teams at the top attdinoof the leaderboard since these teams playrfewe
matches overall.

2.1.3 Standard play

As a default you will play the 9 teams above yod the 9 teams below you. If there are less than 9
teams above you, you will play all teams above plog the 9 below you. If there are less than 9 seam
below you, you will play all the teams below youdahe 9 teams above you . Teams are randomly
assigned as Blue or Red SPHERE during each match.

2.1.4 Initial submission rule

When your team first submits code to the competitiou will play matches against the bottom quarter
of the teams already on the leaderboard. On teeday with submissions, those teams will playexrs p
“Standard Play”.

2.1.5 Last day of the competition

On the last day of the competition, the leaderbealicbe run multiple times to converge/ stabilthe
results: to calculate entry position of teams sutimgj for the first time and to assess final placatrof
all teams.

2.1.6 Calculating Ratings

A team’s standing in a competition is determinedibsalue called rating. The Leaderboard tracks all
matches a team has played against other playéne icourse of the competition and creates a rating
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based on the outcomes.

Your rating is the factor RO in the equation fog firobability of your team beating another payer of
rating R1 in a single match.

Probability(W) = eR0/ (eR° + eR?)
The variable RO is computed using an algorithm th@aseBayesian inference. The probability of a rank
given a series of game outcomes G is then:

P(r|G) = P(G|nP(r) / P(G)

is the prior distribution of ratings, which is assd to vary in a random walk process with a stahdar
deviation over each day of the competition of @Hgsen after testing for stability of the boardisTh
allows all previous ratings to change, as impligdhe name Whole History Rating. Ignoring P(G)
because it is a normalizing constant with no efédé¢he final rating r, and incorporating the stard
deviation of ratings, having each day of the coiitipatrepresenting k:

[TP(rlG) = P(gln)P(rdricz)
The final term P(r 0) is set to 0.

The algorithm uses newton’s method to maximize phidability as a function of your rating. The nai
at this maximum is your new rating.

2.1.7 Summary

Not all wins are equal. Wins and losses are vahyettheir relation to the projected win probabiligour
rating corresponds to a 50% win probability, megnjou are more than %50 likely to win against teams
with lower ratings than yours, but not against teavith higher scores. Unexpected match resultseeit
favorable or unfavorable, will leave the most nedilble impacts on your rating.

Although this process is based on probabilitys ivholly reliable. The rank computation algorithm
corrects errors in rank history throughout the cetitipn, and optimization and stabilization safemisa
have been added to calculate rank with extremeégioec Also, the leaderboard is designed to allaad
to propagate throughout the system. If two plagenst run against each other because their rank
difference is more than 10 slots, overlapping medalpdate both teams’ ratings. Every team’s rasing
relative to all other ratings.

To summarize -- there are several factors thatb#faeam’s rating:
- Match Outcomes: A team that consistently wins mmegowill usually have a higher rating.
- Opponent Rank Winning against a higher ranked wwahusually improve a team’s rating.

- Other Match Outcomes The Leaderboard takes irdowd all matches played by all teams. Even if two
teams do not have a direct encounter, their matttomes will have an effect as they filter throukind
parties.

The team with the highest rating will be rank ltloa leaderboard. The best way to stabilize and even
improve your rank is the most logical way: keep kilog at your algorithms. There are no surefire
alternatives. Also, don't let fear of a bad mateiming your team'’s prospects keep you from subnjtti
early. Even though every submission is factored yoiur match history, results of past competitions
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demonstrate that teams that make many submissindga perform better.

Finally, it is important to note that after evegnapetition phase, (2D, 3D, Alliance phase) all iagk
data is refreshed and teams start from scratch.

2.2 2D Warmup

All teams that complete a valid registration aigikle to participate in the warmup phase.

2.3 3D Simulation Competition

All teams that complete a valid registration ankrsit code that achieves a nhon-zero score when
competed against a “blank player” (a player withcode) by the warmup deadline are eligible to
participate in the 3D simulation competition.

2.7 Virtual Final Competition

The top 6 teams on the leaderboard at the endnopetition will advance to the Virtual Finals
Competition.

The virtual finals will take in simulation durinbé final event (TBD). Teams will be invited to
participate to the event.

2.7.2 Competition Format

The teams will be divided into 2 conferences far ¥irtual competition. All teams ranked with odd
numbers will participate in Conference A; all tearasked with even numbers will participate in
Conference B, as shown in this figure.

Figure 8: Division of Teams between Conferences

Conferenze A - ranks Conference B - ranks
1,3,5 2,4,6

Each bracket will play 3 matches in round--robilestteam A vs. B, B vs. C, and C vs. A.

After the round--robins are complete, there willdb@inner of each bracket (shown as BR1, BR2 in the
Virtual Competition Bracket figure.) The followingles determine the winner:

1. The team with the most wins advances
2. If alliances are tied for wins, the allianceilhe highest total score advances
3. If scores are tied, one more simulation willrbe to break the tie.

The two winners for each bracket will compete agfa@iach other for 1st and 2nd positions. If scores
differ less than a threshold (TBD), a second matidbe run. If both agree, winner is clear; if the
disagree and the second differs more than thehtbigsthe winner of the second run is the chamgifon;
both are below the threshold, a third match is thie;winner of this is the champion, whatever & th
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score.

The second-ranked for each bracket will competénageaach other for 3rd and 4th positions. Samesrul
apply as for the®lvs. 29 match.

3. Season Rules

3.1 Tournament Rules

All participants in the Zero Robotics High Schoaufnament 2016 must abide by these tournament
rules:

e The Zero Robotics team (MIT / Aurora/ ILC) can sproduce/publish any submitted code.

e In the event of a contradiction between the intdrthe game and the behavior of the game, MIT
will clarify the rule and change the manual or cadeordingly to keep the intent.

e Teams are expected to report all bugs as sodregsate found.
e A “bug” is defined as a contradiction betweenitiient of the game and behavior of the game.
o The intent of the game shall override the behavi@ny bugs up to code freeze.

o Teams should report bugs through the online suppols. ZR reserves the right to post any bug
reports to the public forums (If necessary, ZR witlrk with the submitting team to ensure that reorte
strategies are revealed).

e Code and manual freeze will be in effect 3 daysreethe submission deadline of a competition.

e Within the code freeze period the code shall dgterall other materials, including the manual and
intent.

e There will be no bug fixes during the code frepegod. All bug fixes must take place before the
code freeze or after the competition.

e Game challenge additions and announcement of Tddeg in the game manual may be based on
lessons learned from earlier parts of the tournamen

3.2 Ethics Code

- The ZR team will work diligently upon report ofyannethical situation, on a case by case basis.

- Teams are strongly encouraged to report bugsasathey are found; intentional abuse of an
unreported bug may be considered as unethical hav

- Teams shall not intentionally manipulate the saprnethods to change rankings.
- Teams shall not attempt to gain access to restFi€R information.

- We encourage the use of public forums and alle@wse of private methods for communication.
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- Vulgar or offensive language, harassment of atisers, and intentional annoyances are not permitted
on the Zero Robotics website.

- Code submitted to a competition must be writtely by students.

- Players may not access the implementation instaihtee game or modify any variables of the object.
In particular, the api and game objects shouldoeaduplicated or modified in any capacity.

- Simulation requests may only be done manuallyhgawebsite interface, API calls for simulation are
not allowed (even if doable).

4. Revision History

Revision Numbe Date Changes Mac

2.1.( 14 Jar. 2017 | Adapted to Italian Virtual Championsl
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