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Abstract

This study explores an alternative approach to coperative gaming where players share a
screen. In this approach, the camera must maintain visibility of multiple players and will
divide into split screen each capable of tracking any number of the playerghe individual
sections of the screen (satellites) can divide and recombine with minimal disorientation to
players, are sizedand positioned on screerbased on the relative positions of the playersr

objects they are maintaining visibility of in the world.

Introduction

As games become more ubiquitous in our culture and they become more social in nature,

more and more games are adopting muHplayer options.

This project implemented a dynamic split screen technique in the gamd&he Trip.

Constructscalled satellites were created.This paper defines satellites as:
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Segments of the game world that are framed by a camera focusing on a
collection of focus objects and are rendered on the screen in a size and

position relative to any other satellites that exist in the world.

They are used to track a collection of objects which are capable of moving in and out of
view. When they move out of view, a split is triggered causing the screen to divide into
views of multiple satellites each capable of tracking a new gup of objects. The camera
smoothly transitions to a shared focus on the entire group to individual focuses for each of
the satellites. This allows characters or other objects that are in distant parts of the world
to remain in view on the screen. When theatellites move close enough that they no longer
require separated views, the cameras will align so that they can move back to sharing a

single view.

Goals
1 To develop a dynamic split screen approach that preserve the context of the split

screens between ach other.

1 To make transitions from a single screen to multiple and back occur without overly
distracting camera transitions.
Frame multiple objects in a satellite and accommodate their changing positions
Alert the system if an object moves out of rangand requires a separate satellite.

9 Accurately display satellites on the screen in an orientation that reflects their

relative positions in the world.

Problem Significance

Even in this era of ubiquitous online gaming, there is still a need for local muidlayer,

sometimes known as "couch c@p". This is especially true for familied5 pp. 3]. However
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creating a view of the world where this is possible can be difficulTable 3 (page 282) lists
some approaches that are usually used andhé¢ issues with each. Most of théechniques
limit design opportunities. Specifically, they add some restriction that prevents the game
from being able to use mechanics or level designs that allow or require the players to

separate in the world.

Switching to split screen is an ideal solution for giving the players to move apart in a
cooperative third person game. Of the very few games that do ve dynamic split screen
those that do will split dynamically in half when the players get far enough apart, some
(LEGO Indiana Jonesa&d LEGO Harry Potter Years4) even change the orientation of the

split based on the orientation of the camera.

The proposed solution should both demonstrate the functionality on a broader scale, the
freedom it allows for mechanics that let the players separate and be together, and the

ability to track multiple objects in each partition.

LEGO Indiana Jones 2, LEGO Harry Potter Years 1-4

These two Lego games, videos of gameplay demonstrate the use of dynamic split screen in
local coop games very welt. Creating an effect similar to this with addition functionally

was the main goal of the satellite system.

14 See videohttp://www.youtube.com/watch?v=fnN7Gje7gbo#t=1m00s
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The difference between the functionality shown in these gamesand what the satellite
approach intends is threefold: First, the satellites are capable of each tracking multiple
objects. The Lego games show only tracking of a single object in each of the screen
partitions. Second, because there are only two objects being tracked, there is no need to
zoom to frame the object. So the camera is always at the same distance from what it is
looking at. Additionally, the camera is close enough to both of the focus objects so that
there is little realignment required when switching between a camera focused on both as

opposed to the separate cameras each focused on a single one.

Related Literature

Real Time Cameras: Multi-player Camera Solutions

Haigh-Hutchinson [2 pp. 170-177] deals with the primary problem with multi-player
games

O8OACAOAI AOGO T &£ CAT OAh + OEAUY O1 1 ACEI AO £EA
world adequately when more than one payer shares the display device. These
problems typically stem from the inabilityo display appropriate views of the
game play when individual players are performing actions that are positioned
OAPDAOAOGAT Uh T O OANOEOA O1T ENOA OEAxO 1T &£ OEA

Haigh-Hutchinson highlights many of the potential solutions for multiplayer games and

issues to consider with each. Especially noteworthy are comments on transitioning

between full screen and split screen. The following points are most relevant:

T 4EA OPIEO AAT 1T AAOO OxEAT 1TTA TO0 ITOA T &£ O

screen aréA 8 0

1 Player characters retain their screen relative positions during the split
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T - AOCAO OEI O1 A EAAATT U TAAOO xEAT T AEAAOO E
close to the actual position on the full screen they will occupy when the screen is-re
ET ET AAS

Cinematic Camera Control in 3D Computer Games

Lin et al.[6] emphasizesthe ET BT OOAT AA 1T £ OOET ¢ AAI AOA OAAET I
experience. It proposes a mechanism for camera control in games that is based on
cinematic heuristics. It discusses the inematic principles that have been adopted by

CAIi AGs 4EA OxI iTO00 OAI AGEOA DPOET AEDPI AGq O,
movement, and then the camera follokicd EO6 AT A -ckdndEIét th& ariorBlead

are considered key in minimizing payer confusion during camera transitions.

Generalized Fisheye Views

An article by George Furnag[1] provides one of the earliest discussions of focus+contet
overviewing the importance of having a methodology for displaying specific focal areas in
large information structures. While often considered are informational displays of large

datasets, the same can be applied to representations of a 3D world on a shared screen.

'T AAOAT OACA 1T &£/ CAIi AO EO OEAO DI AUAOO yAi 1660
cannot interact with. However in a multiplayer game they still need a relative context for
T ACGECAOET T8 &001T AOGGAVBATIAADPO ixIA @mik & Biake AA GEEO

T £ 1TTAAT AAOGAET AT A cCci1TAAT AT 1 ikt afghd datkEEO Al

15[sic] z This is the phrase.
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structure and the context of the specific portion being focused on while allowing a closer,

more-detailed view of the focus area.

Traditional game architecture using a treestructured scene graph mimics the Degree of
Interest (DOI) trees shownby Furnas. Game programming to eliminate areas of a scene
that the player is too far away from to interact with in calculations reflects the importance

of relying on focus only in a scene.

However, in multiplayer games, if the players are separatl but must still share a screen,
the focus must be in multiple areas. Without a frame of reference for navigation players can
have difficulty navigating back to each other. The frame of reference is therefore the

relative locations in the world that the dfferent focus areas are to each other.

Tertiary Motion and Vector Consistency During Gameplay

NP S N

Ablog post from Gamasutrg3] AEOAOOOAO OEA 1 AAE 1T £ OOAOOEAOQU

AO OOEA OEOOA1T AAOGATIT PI AT O T A&, especully@hkolgh thd OAT O
OOA T &£ AOOO86 ) OECAT DI ET OO 100 OEAO bDOT Al Al
OAl AGAA O1T OAAOI O ETAT1T OEOOAT AU xEEAE AAOOAO

[have] difficulties in maintaining directional contii OE QU 8 &

Isigan effectively points out why certain camera changes are disruptive during play:

O3ET AA Eii AOGETT OANOEOAO OEA EIT1OOEIT 1 &
feeling of control over actions, the resulting disorientation will pull the player

out of the depths of her experience. One reason for tertiary motion being so

distracting is that it happens often based on a decision of the game Al, and not
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the character. It is normal that any player would perceive this as an

ET OAOZEAOAT AA O1 CAi APl AU ATA A 1100 1 06A0 A
-AET OAETET ¢ A OATOA 1T &£ ACAT AUu H®IA 11 AAIAB 80E A K
OEA OAOAI 1 EOA ADPDPOT AAE Al AOT 60 OOA OAOOEAOU i
on motion of focal objects, the importance of vector consistency was heavily considered as

was maintaining a sense of agency and immersion.

Visibility Transition Planning for Dynamic Camera Control

Oskam et al. [4] presents a reaitime camera control system that allows the camera to

smoothly navigate paths in the world avoiding obstacles.

Four criteria are listed as critical for automatic camera control fointeractive applications:

ReatOEI A AAAAOOA OEA pPI AUAOSO AAOET T O AOA 1
Smooth: preventing disorientation from rapid changing in viewpoint and breaking
of view continuity

1 Visibility: the player (or other focus target) must be kept in view and unobstructed

These criteria are all taken into consideration strongly when developing the satellite

system.

Implementation

Implementation required several key steps:

1 Integration into the rendering system so that the satellites could be drawn
1 Building a camera that had the necessary base behavior to maintain visibility and

preserve a static perspective
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1 Adding the ability for the satellite to track and center on a group of objestand
compensate for their changing positions in the world
Add the ability for the camera to zoom to maintain visibility
Ability to draw to the correct location relative to other satellites

Ability to smoothly separate and recombine

Components of a Satellite

A satellite requires five major components:

Render Targetz The off screen location the satellite is rendered to

Destination Rectanglez Location on the screen to draw the satellite

Source Rectanglez the segment of the render target drawn into the dstination
rectangle

Cameraz Perspective the satellite draws the world onto its render target

Focus objects Collection of objects to keep in view.
Focus Objects

A key aspect of expanding the dynamic split screen beyond two players is the idea of

multiple focus objects.

A focus object is any object that the satellites and cameras can use to frame a scene.
Framing includes aiming the camera to look at some central point between all the objects

and zooming to keep all the objects in view.

The idea of a focus object, or a collection of them, is essential to the camera framing. In a

multi -player game where all players are sharing the screen, the camera must be in a
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position to keep them all in view. Since an individual satellite reflects onla portion of

objects that must be tracked, a collection of focus objects is held by each satellite.

01T OEOETITO 1T &£ OEAOA T AEAAOO ET OEA xi Ol A AOA
based on the approximate center of the group. (Because this commapproach works well

x EOE -PONGGPAAOEOASG AAI AOAO OOAE AO EOI i AOOEAR ¢
were all at fixed perspectives) Focus objects can have weights applied which indicate how

heavily their position affects the COF. So more importambjects will be in a more central

position on the screen.

Visibility Sphere

Each focus object has a visibility sphere around it (the blue circles iRigure 27) that
indicates the desired space that should remain in view. This is to prevent the objects from
being rendered too close to the edges of the screen and aid in framing.Time Trip, visibility
spheres were also used in indicating objects thatra in close enough proximity that they

should belong in the same satellite.

Framing Focus Objects

&OAT ET C T &£ £ AOCO 1T AEAAOO EO AiITA Au AT I PAOET G
view frustum. Collision with their visibility sphere against the fustum indicates that the

camera needs to zoom out. It will zoom out some amount, based on a given speed, each

frame until there is no longer a collision. Once objects move closer together, the camera

will zoom in until it collides with an area just outside the visibility sphere. The speed at

which zooms occur must be calibrated with the movement speeds of focus objects to
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AT OOOA OEAO OEA AAI AOA AT AOI 860 Aii1 OETI OA Oi

and a state where it must zoom in.

Zoom In Zoom Out

Figure 27: Location of visibility and outer visibility spheres in various zoom states. Red is outer
sphere, blue is normal sphere, green is the object itself, and the black box is the viewable area of the
world.

The camera will check thefrustum against all the objects in a focus group. If it finds an
object that it needs to zoom out to keep in frame but the camera has reached the maximum

zoom distance, it will trigger a split on that object.

Satellite Cameras and Transitions

Smooth trangtions between the view of the world before and after satellites split and
merge are required to prevent the transitions from being disruptive during gameplay. The
transitions must be smooth and maintain a consistent control and visual frames of

reference.

For simplicity, the satellite camera and the rest of the cameras in the system all maintain a

fixed relationship zooming in and out along the LookAt vector.

[251]



The Trip Independent Research Topics

Ideally, at the moments right before a split and a merge, the cameras for both satellites
should be looking at the same point. This allows for the view of the world to have almost no

change before and after splits/merges.

Because the split includes dividing the initial focus group between the satellites, the
satellites will not have the same COF. Thefore, to provide the same view, the LookAt for
the cameras should not actually be looking at the COF, but rather the shared COF for the
entire group. It also means that the cameras will have to be zoomed on the entire group
rather than just the collection of objects for each of the satellites involved (see

PairCamerg.

The simplest approach to make this transition would be to identify the correct pasons of
the camera when viewing the combined focus group and the split focus groups and to make
the transitions between them over time. However this was rejected as an option (sééerge
Focus Groups: Alternative Approachbelow). Additionally, it is difficult to know what

appropriate camera position will be after the merge when the cameras are separated.

Instead of making the transition start and stop at given poits, it was instead based on the

changing distances between the satellites. This is accomplished by determining the weight

being imposed by the presence of other satellites on a given satellite.

Weighting

'O AT U CEOAT bi1 ET O ETaimaEdwkighfed GOk OAd wieighOabdied A A1 A
is based on the relative distances other satellites are from the satellite in questi@nd the
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relative weights of the satellites (the weight of a satellite is the sum of the weights of all the

focus objects). Theamount of weight satellite A can exert on satellite B is:

8

oo '(M)"Q.d

For example: If the two satellites have equal weights, then the maximum amount of weight
they can exert on each other is half. This maa that the weighted center of focus for each is

halfway along the vector between them.

This value is then scaled by the distance the satellites have travelled from the point where
the full weight would be exerted. This distancelQ is the distance the atellites should be
when they split and the distance they should be when they merg¥.is a distance fromQto
stop exerting any weight. As satellite B moves from a distance 6#o a distance ofQ 'Y
from B, the amount of influence A has on B goesofn & & @ w XHEIAXO0. Therefore, if

Q QQ 0 WNAVOQEHE & |, the amount to scale the weight by:

AN S
UQ@QYOOOOG—Q,Y—

And the actual weight can be found by simply:

0 Q@WDOQI W@ABAYD & DO ¢ ¢ AEQQ

The COF for B is then adjusted:
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6 6 6 z0QWDEQRI 0QQ

This weighting is relatively simple.’Y can be calibrated to achieve the desired transition
time and appearance. However, the value dis affected by a variety of values that can
change during gameplay: the direction the split is from (splits on a diagonal occur farther
apart than splits directly above or to the side) plays a role and so does the relative
arrangement of focus objects irthe scene. Additionally it is based on the sizes of visibility

spheres, the aspect ratio of the camera and the maximum zoom distance of the camera.

At the time of split, this puts the weighted COF for both satellites in the split at the same

location as he COF of the old satellite. As the two satellites move farther apart, the amount

of weight they exert on each other decreases. At zero, the weighted center of focus is the

OAi A AO OEA OAOAI 1 EOCAGBO AAOOAI #1/ &8

4EA xAEGCEOAA #/ & EO O ObhdkionABYy halitghhe dakérds @AkGaD , 1 1 F
this point, the LookAt for the camera of the satellites will align as the satellites move closer

together.

50ET ¢ OEEO OAAET ENOA AlTi11Tx0O0 & O OEA 0Oii110E OC
account for thechanges in position resulting from the need to frame different focus groups.
&1 O OEEOh AT1 OEAO AAIi AOA EO OOAA Oi AAEOOO

influence on the given satellite.
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PairCamera

When satellites merge or split, their camerasttempt to align so that the transition from
the camera of the satellite to the new camera of the pair is almost seamless. During a split,
the cameras start at the shared position. The weighted COF will accommodate the re
aiming of the camera while the natral zooming will reframe the focus object throughout

the transition.

Aiming is therefore accomplished without having a separate camera. However, once the
AAI AOAO EAOGA 11 O6AA APpAOOh OEAU AT160 EAOA
will be when they have remerged. Without an adjustment of the zoom, the moving from
two separate cameras to one new one may result in a rapid change in zoom. This is
because, during a merge, the focus group for one satellite is relocated to the other. Then the
one which hal its focus objects removed is dropped from view. While weighting and
merging criteria mean that the objects in the lost satellite will not have had their screen
positions changed, the scaling may jump if it does not match that of the kept satellite. The

other one will merely rezoom to the proper framing.

-T OET ¢ OEA AAI AOAOGS DI OEOETT O OI xAOAO AAAE

point. Because of how the cameras must frame thentire group of focus objects, a
combination of the two cameras was insdicient to indicate the final position of the camera
upon merge. The camera would have the correct LookAt but not have the correct position

because it was not sufficiently zoomed to frame the group. Instead of moving towards each
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other, the cameras move twards a PairCamera that is assigned to each possible pair of

satellites.

Each PairCamera has two satellites it references. It contains a focus group that holds all the
focus objects of both satellites. At any given time, a satellite camera can move towsatte

position of a pair camera to align its camera to that of another satellite.

z

The fact that there are

pair cameras for¢ satellites and that the framing requires

continuous rebuilding of the ViewMatrix for each of the cameras means that large

number of satellites would be computationally expensive. However, the PairCamera does

not need to track satellites that are not active and, in fact, cannot because in active satellites
ATT1T80 EAOGA A A1 AOO cOi 6b O1 bbioteikédata3dit. A 0AEO#
4EA OAEO#AiI AOA OAAET ENOA EO AOOmatiodwhiletiel 1T U OO
satellites are relying on the weighted focus. Using the weighted center of focus means that

the cameras will always be looking at the comct spot. The height of the cameras is
AAEOOOAA OiF OI EAA Ol xAOAO OEA O0OAEO#AI AOAGO EA

to view all the focus objects) based on the weight exerted.

Coordination with the PairCameras further could likely be used fuher to improve the
camera behavior and evaluate merge criteria. Currently, PairCameras require a lot of
AAl AOI AGETTO AOO AOA 11T1uU OOAA O1 AAEOOO OE!/

camera is weighted.
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Source and Destination

The satellites are eals rendered offscreen to a RenderTarget. This renders the entire view
of the world by the camera. When the camera is looking directly at the focus group and no
weight is exerted, this will be a properly framed view of the world. The entire rendered

texture AAT OEAT AA AOAx1 11 OEA OAOAAT EIT OEA

The Destination Rectangle is the portion of the screen that the satellite exists in. Its size is
based on the relative weight of the satellites. Its location is determined the rdlae

positions of the satellites in the world (sed~arCamerg.

At the time of split, the two satellites will have the same cameras looking at the sam
position. This means that the two scenes are approximately the same scene. If the entire
texture is used, this will mean that the view after the split will be two satellite each holding
small versions of the world. Instead what they should be showing ithe section of the

screen focused to the correct size on their focus area.

fps: 60

Player 2 HP: 100

Figure 28: A larger portion of the screen is used for satellites with more focus objects
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To determine how the size should be changed, the weight imposég the satellites on each
other was saved. When the weight was at maximund (Q "@QY ® & @) Che satellites were
very close together and the source will close to the destination in size (this is the smallest it
can be). When the weight is close trero, the source size will be closer to the full size of the

source texture.

Floating Satellites

Although this technique would cause a loss of screen real estate, it would work well with
the setting of the game which restricted most of the game play toghted areas leaving
much of the outer reaches of the screen in blackness. This was selected to be the final
version of the game because it was more functional than the inset version and less prone to

error.

The floating satellites move fluidly around thescreen reflecting the relative positions of the
focal areas in the world. When they are close enough that the destination rectangles begin

to overlap, they are usually also close enough that they will merge.
In addition giving a context for the position d the focal area, context is also given for the
OAl AGEOA Ox1 O0OE6 1T £ OEA OAOAI 1 EOA8 3A0AIT EOAOD

of greater interest to players and are therefore given a larger percentage of screen space.
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fps: 60

Player 2 HP: 100

Generator Fuel: 650.67

Figure 29: Three floating satellites

The biggest issue with the floating satellites currently is the use of screen space. Depending
on how the satellites are arranged in the world, their screen positions combined with their

relative sizes @an mean that there is a lot of extra screen space not being used.

Inset Satellites

11 Al OAOT AOGEOGA Oi OEA O&I 1T AGET ¢ OAOAI 1 EOAOGS
OAOAT 1 EGA AO A Oi AET 6 OAOGAIT 1 EOA OEAaspihd Al x.
I AAODOOAARh OEA OAOGAI T EOA xi 61 A AAOOAI T U AA AOA

OEA xiI Ol A xEAOA OEA OPI EO OAOAI I EOAOCS A& AOO i

To prevent the view of the world in the main satellite from being obstructed by the
presence ¢ the inset satellites on top of it on the screenpbjects referred to as

MainViewWeightsdwere used.
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These focus objects are used to represent the location of an actual satellite. Each weight is
attached to a satellite. They are only active when the satellite they are attached to is active.

Their location in the world is determined by projecting the screa location of a satellite into

OEA x1 Ol A OEAxAAT A AU OEA | AET OAOAI 1 EOGA8O AA
according to the main satellite. But having this weight there, it will prevent the main

satellite from being centered on its true dcus group. This will push the objects out of focus

away from the area of the screen covered by the other satellites.

This technique is reasonably effective when the relative size of the inset satellite is less
than half the size of the screen. When it imore than that, this is generally not an effective
way to deal with them. An alternative would be to have the main satellite always be the

larger one but this was not explored more in depth because of the needs of the gafne

O

Figure 30: Left: focus area without shifting to accommodate the location of the other satellite. Right:
Shifting to accommodate. The focus area is moved away from the more crowded section of screen to
where it has room.

16 A video of this before it was abandoned in favor of the floating view is available:
http://www.youtube.com/watch?v=gB3doecWyZs
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Source Size

The source size is the same as the destination size but scaled by the excess weight imposed
on the satellite. At the moment of split, the source is the same as the destination. Both
satellites involved in the split are rendering approximately the same sce. As the cameras
move apart, they focus on their own focus area. That focus area begins to fill the entire
source. This means that the entire source texture is drawn into the destination rectangle.
The transition from the starting source size, where it ratches the destination, and to full

screen (texture) size is accommodated by the saved weight from the weighting calculation.

The relationship between the size of the source and the extra weight on the satellite is
inverse: if a weight is being exerted thT OEA AAI AOA6O ,TTE!' O EO
and the focus area is taking up less of the rendered texture. Conversely, when no weight is

exerted, the camera is focused entirely on the focus are and it will take up the entire source

texture. Therefore the source rectangle is the size of the texture.

=l =l
= =

[ €01 OQYHOMDOOQIQIB®ME "Qd 6 Qi ®QE "Q
QA DN ol OAUNDDIRQE OO QWO RQQ

[ £01 OO QYFOW@QO R £ 1D ®'QQO
[ £01 Q@WOR'@QAI OEVIBIVE ¢ I '0QQQ

Figure 31: Relationship between source size, destination size, and viewport (rendered texture) size.
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Because the source rectangle is the size of the destination rectangle abecause it is
centered around the focus objects which may be close to the edges of the rendered target,
the source rectangle must be clamped between the size of the texture (viewport size) and

the size of the destination rectangle. This generally will noaffect the values of the source
dimensions except when the satellite is weighted by more than one other satellite. This is a
preventative measure. One possible solution is to, instead of saving theQ @D w ' Qi 0 QQ

save the0d 'Q @QY o éndl Ren divide by the number of other satellites in the system.

Objects appear to grow larger on the screen as the camera for each satellite zooms in on its
focus objects. This allows the focus objects to receive more attention on the screen and

minimizes the displaying of areas of the world that are farther away.

Figure 32 diagrams the relationships between source, destination, weighted COF, and the
focus objects moving in the world. Also shown is the relationshp between the world
(right) and the screen (left). On the right, the dashed boxes indicate the source rectangle
while the solid boxes are the rendered source texture. The source texture is always
centered on the weighted center of focus while the source céangle is centered on the
center of focus. Additionally, the objects appear larger in their satellites as each satellite

focuses on the objects properly.
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O & O O & O

Single satellite just prior to split: Weighted focus and shared focus are aligned. Each focus object is on the far
side of the screen. Objects are close together in the world

© 4L @ © A ©

Two satellites just after split: Weighted center is where the previous shared center was. Each satellite’s center
has relocated to the center of the focus areas. Each satellite is rendered separately. The rendered section of the
world is the same for both satellites. The sections of source being framed are as close to centerad on the focus
area as they can be without overflowing outside of the rendered area of the world.

T T T T

@ Aala ) DN A

L____-__IL__ —_————

Two satellites partially influencing each ather: The weighted centers of focus are closer to each other than the
actual centers of focus. Camera continues to be focused on the weighted center of focus, But the framed area is
centered on the focus group. The rendered texture (solid lines) is the same size but is showing a smaller portion

of the world. The source rectangles (dashed) are partially expanded to be closer to the full size of the rendered

area. The size of the rendered focus areas are somewhat enlarged on the screen.

o ® 3

Two satellites fully separated: The weighted center of focus is the same as the center of focus because no
weight is exerted. The source rectangles are the size of the rendered screen space. The rendered image reflects
a smaller part of the world focusing on the area. The source and rendered space are both full size while the
destination size has not changed. The camera for each satellite is now looking directly at the focus objects.

Figure 32: Relationships between center of focus (diamonds) and weighted ¢ enter of focus (triangle)
during a split.
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Table 2 illustrates the relationships between destination size, source size, the distance a
satellite is from another satellite, the amount of being exerted on the satellite, and the
distance the satellite's weighted COF is from the unweighted COF. Data was collected
before, during and after the transition from one satellite taking up the full screen to two
evenly sized satellites each taking up half the screenAt point 1 the split has not occurred.
Point 2 is right after the split. The source and destination sizes drop while the weight exerted
and distance between weighted and true centers of focus is dligisest point. Between points

two and three, the satellites are still close enough to exert their full weight and there is no
change. After point 3, the satellites are far enough apart to begin using separate cameras. As
the distance grows, the source exys back to the full size of the screen. At the same time, the
percentage of weight exerted decreases and the weighted COF moves close to the unweighted

COF. At point 7, no weight is exerted.

800 ——Distance Between
200 Satellites
/

500 \ / Destination Height
500 \ —Source Height
400
300 —\Weight Exerted

(Percent)
200

Distance Between
100 Weighted and True

0 - ] — i | Centers of Focus
1 2 3 4 5 6 7 8

Table 2: Various relationships for a single satellite after splitting
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The graph shown inTable 2 is somewhat misleading because it shows a gradual change
from points 1 and 2. In fact, thevalues all remain steady until just before the data from

point 2 is recorded at which there is an abrupt jump in all values.

Note that the weight exerted only goes as high as 50%. This is because the graph is only
showing one satellite. The weighted centeof focus only needs to go as high as the
percentage of weight the satellite has over the combined weights of both. So, each satellite
has half the weight and the cameras for each will be halfway between them both (where it
would have been if they were oe single satellte) at the moment of split. After the split, the
cameras will track the weighted center of focus back to the normal center of focus as the

satellites move apart.

By calculating it based on distance rather than slowly sliding the camera tdé new
location over time, we can account for movements of the focus objects (which are generally
players) being erratic. This way, the camera will not continue to swing away if the player
turns around and decides to come back. It will also not move if th@dayer does not move,

and it will always know the new place to be.

Using this method means that the technique for handling camera transitions during both
merge and splits can be handled the same way. As the players move in and out of the area
where the satellites would share cameras, the camera will track the appropriate positions

by keeping track of the weighted center of focus.
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FarCamera

The FarCamera is an integral part of the maintaining of context for each of the satellites. It

tracks and frames thebi OEOETT1 O 1T &£ AAAE OAOAI 1 EOA EI OE
parallels the relationship between an individual satellite and its focus objects. Similar to the

way a satellite must use its camera to keep its focus group in view, the FarCamera keeps

eadh satellite in view on the screen. When there is only one satellite, the far camera

Qu

i AOAEAO OEA bPi OEOEIT 1T &£/ OEA OETGCI A OAOAI I EOA

When all of the satellites are in view, projection from their positions through this camera to
the screen allows foraccurate representations of the relative positions of the satellites in

screen space.

Initially the FarCamera tracked all the focus objects in the world. However, it was
determined that this was unnecessary and instead it tracked the satellites themselvey

implementing the focus object interface on the satellites. When the FarCamera was initially
designed, it combined the focus group management of a satellite with the framing functions

of a game camera.

By projecting the positions of a satellite (indc® AA AU OEAO OAOAI T EOABO
camera, the correct relative screen position of a satellite can be determined.
Splitting

At the time of a split the following occurs:

1 The new satellite is activated and its camera is set to match the originatsllite.
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1 The pair camera for the two satellites (old and new) is reset to match that same
camera. Any preexisting focus group that it held is cleared, and it gets the focus
group of the old satellite. This occurs before that focus group is split betwedine old
and newly created satellite.

The object that triggered the split is moved to the new satellite.

1 Any objects close enough that they would also be included are also relocated to the
new satellite.

1 A brief timer is set to prevent the satellites fron immediately remerging (since at
this point, they are also close enough to merge. SBeundary Zone Wavering

1 All the other pair cameras that were a#icted by the split have their focus groups

updated.
Merging

Visually, the merge should appear to move the camera in the reverse of what occurs during

a split. However, the check for starting the split (collisions with the frustum) could not be

used because the camera motion would have to begin before the objectsrevelose enough

Ol AT1TEAA xEOE AT 1T OEAO OAOGAI 1 EOA3O A00OOOOI 8
some method for determining a point where the satellites are close enough that their

cameras should begin to align.

The weighting algorithm takesinto account a maximum distance at which weight can be
exerted. Regardless of whether the satellites are merging (moving closer together) or
splitting (moving farther apart), when satellites are within that range, the weighting

adjusts the camera. This mas that one only has to check whether a split occurs or

whether a merge is complete.
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When a merge is complete, one of the satellites will gain all of the focus objects of the other
satellite. Because the weighted COF when full weight is exerted on the twatellites is the

same as the unweighted COF on the combined group, the additions to the focus group will
1TT0 AAOOA A AEAT GCA ET OEAO OAOAI 1 EOAGO #/ &8

Merge satellite A and satellite B

9 -1 OA AAA OAOGAIT T EOA 180 &£ ADOO' 01 6P O1 OAOGAI

1 Update any other RirCameras that have satellite B as one of the satellifés

M1 Set satellite A to be inactive.

The selected behavior for determining if a merge is complete is a check on the distance
between weighted COFs for both satellites. When the distance is small enoudgifiey are

fully aligned. There are other options that can be used for checks.

Merge Focus Groups: Alternative Approach

Prior to utilization of the weighting approach, transitions following the split were a simple
transition over time from the starting camera view to the satellite view. At the time of split,

the focus objects were relocated to their new satellite and the camera began to slide from

its current position to the new position where it would focus solely on the new focus group.

This refocusingbegan to occur as soon as the split occurred and did not stop until it was
realigned. This caused issues when the player stopped or reversed directions because the
AAI AOA x1 O1I'A EAAD 11 OET C8 4EEO OEiI |1 AGAA OEA

thA D1 AUAOGO OAT OA 1T &£ ACAT Aus

17 The focusGroup could be set to be that of the pair camera blite Trip requires an extra check for player
focus objects so it can do raypicking for targeting. Therefore, it is necessary to check each object.
18 PairCameras including satellite A do not need to be updated because satellite A will no longer be active.
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This problem was solved by adding a check for changing positions of focus objects before
the camera made its transition each frame. It would swing back if the focus objects were
moving back toward their old satellite and notmove at all if the focus objects were not
moving. This became a much smoother technique and initially it seemed as if this was an
appropriate method for making the camera transition after a split. If the focus objects never

1 AEOG OEEO Oi AOCBamdl wad tansitidhiAg) ik wollE dlso handle the
realignment for merging. However, it had no way of knowing how to begin a transition
once the camera left that buffer zone (the camera was considered out of this zone

whenever it was able to eventually rach its new position for that satellite).

After this point, it was unclear how to deal with merging. Ideally, the camera should be in
the correct position so that the satellite has the same view of its focus area that the main

satellite has before it getsnto merge range.

To do this, it seemed that the following would work:

1 Check to see if two satellites were close enough to mergeigure 33). Thesatellite is
now in a merge zone.

T 3A0 A OiI AOCA &I AOO cOi 6po6 A1 O AAAE T £
the shared focus groups.

1 Track the center of focus for the merge focus group (basically what the PairCamera
does now)

1 While the camerais in the merge zone, move the camera from wherever it currently

is to look at the merge center of focus.
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Figure 33q, 3 AO0AI 1 EOAOG OEAO EAOA Ai i A ET O Oi AOCAInAT CAE8 4
sphere, around the left focus object is colliding with the frustum for the left satellite

This approachfor handling mergesappeared to work reasonably well for detecting merges
and moving the camera but it raised several issues when expanding beyond two satellites
was considered. In order to prevent this, merges were not checked until after the camera
had finished making thetransition after a split. However this meant that if the focus objects
only moved a small distance after a split and then attempted to remerge, they would be

unable to.

The main issue was how to scale beyond a two satellite system. If more than two sated
were involved in a merge, it would require constant rechecking and reevaluating of the
merge focus group. This ended up resulting in an extreme amount of state checking and
cases to handle when dealing with merges. Problem areas as well as the overathplexity

of this approach can be seen iRigure 34.

The current approach, using a weighted center of focugreatly improves over this method:
T ThereEO 11 OAT OA T &£ A OPIEO AAETI C OZET EOEAAG
need to do extra checking for the state of the satellite before moving the camera.

1 It handles the weights of all the satellites in the system at once
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T 4EA OA1T OA 10RO AOEAEIAMGOS AT A OI AOCA &I AOO
PairCameras

T)Y0 EO O1 OAT 1T U AAPAT AAT O 11 OEA DI OGEOGEITO 1
change over time. So the camera will only move if the players are moving. This will
not need extrachecking.

7' TAx AAT OAO I &# A& AOO AT A0 110 1TAAA OI AA
weighted COF accomplishes the same thing more elegantly without the need to keep
track of all the possible combinations of focus groups.

1 The weighting gradually noves the camera in a way that is sensitive to the distance.
The storing of the weight applied made a simple indicator of whether or not a
satellite was being influencel by any other satellites. This made it a simple method

for knowing how to scale the souce size.

The merge focus groupsapproach makes it difficult to work with multiple satellites
i AOCET ¢ AO TTAA AT A AEAT 60 ETAI OAA A OAT OA 1
LookAt during transitions. It also had no way of scaling the source rectalegso it would

reflect an accurate scaling of the view into the destination rectangle.

This method required an elaborate set of states to be considered and checkédgire 34).

At the time the algorithm was dismissed because it had issues handling if more than two
satellites were attempting to merge. It required constant changes to the merge focus
groups of the satellites to be aware of what satelliteshared merge focus groups with other

satellites.

It ran into issues when two satellites were checked who were in a state of merging but

were not merging with each other. The new algorithm accounts for all the satellites in a
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system each having an effectrothe calculation of the weighted center of focus. Problem

areas of the algorithm are indicated in red offrigure 34.

Seeing that this approach would lave many events that would have to be handled with
special considerations and that this was overly complicated, it was scrapped in favor of the

final weighting approach.

merge?

Are they
merging with
gach other2

Are they
merging?

Two satellites to
test

Are they still

merging? Cancel Merge

Yesl

™ DONE!

1

Set to be not
merging, kill off the
death one, set

Merge focus
groups, Set one to

focus groupto Yes die, Set them to be
merge focus mergin
group, check the g
playeré targetting.
Change merge
b 8 focus group
focus group
Are the)_/ done No
merging?
A
Yes— 222?
A

Adjust merge focii,
move cameras, etc

Figure 34: Status checks on a padr of satellites each frame. Diagram includes events that were not fully
explored before this approach was dismissed.

Game Integration

As a fourperson local ceop game,The Tripa good example of the kind of game that can
benefit from dynamic split screen. The game mechanics force the players to remain
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together most of the time except on a few occasions where a player can survive separated
from the group. The focus areas are edgidefined as regions of light framed by darkness.
This means that areas outside of the light do not need to be shown at all as part of the

context.

During implementation, the satellite system was integrated into the game and engine from
an early point for several reasons:

1 The system had to be tied into the rendering system

1 The game world could be used to test the functionality.

1 Immediate catching of gameplay that would affect the system logic

1 Monitor performance as new features are implemented because dacsatellite
requires a complete drawing of the entire scene.

1 This system included the camera functionality that would allow the framing of

multiple focus objects. This was necessary for testing the game itself.

Satellite rendering is handled by the gam& 1T CET A6 O OAT AAO OUOOAI 8 8. !
to render the textures stored on different render targets onto the main screen. Sprite
drawing has built in accommodations for specifying a source and destination rectangle

onto the screen.

The advantage of ging the floating satellites inThe Tripwas that it would hide the loss of
screen space because the unused area of the screen was the same color as the dark areas of

OEA xi O A OEAO x1 01 AT860 AA OAAT AT UxAUq
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Figure 35: Satellites with The Trip's lighting

Currently, the ability for satellites to split has been removed from the game, however. This
is because the current method has difficulty dealing with boundary zones (discussed

below). The game still retains the ability to zoom and track focus objects effectively.

Results

This project was successful in many ways: Firstly, the FarCamera performed as expected,
correctly tracking the relative locations of the satellites. Secondly, the satellites effectively
tracked multiple objects and maintained proper visibility of those objects through
transitions. Additionally, the camera transitions were entirely smooth in certin cases,

especially when dealing with satellites of equal weight.

The two satellites shown in the following figures each contain two focus objects. The

satellite on the right is moving both focus objects together while the satellite on the left has
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both focus objects remaining stationary. The mobile focus objects proceed without

changing direction1?

Figure 37: Anticipated division of world by satellites

19 A video of this process is availableattp://www.youtube.com/watch?v=bR5nVw_7kVo

[279


http://www.youtube.com/watch?v=bR5nVw_7kVo

The Trip Independent Research Topics

Figure 38: Anticipated appearance of screen due to loss of real -estate from the even scaling of
destination rectangles

Figure 40: Midway between the point they split at and the distance they need to be to exert no weight
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Figure 41: Final camera positions when no weight is exerted

While the results demonstrate some successful methods for performing smooth transitions
during split, the current reliance on the Qvalue in the weighting mean that it does not
appear smooth in all cases. The sample shown is with an estimaté¥alue that works well

for that number of focus objects when making the split in that direction.

The primary areas for success lie in opening up new areas of research. This project was
able to identify many of the areas that require further exploration. Especiallyjnethods for

determining the appropriate method for applying weights to cameras.

Finally, the project was able to successfully run within the platform constraints. Making use
I £ 8.180 3DPOEOA" AOAE O1 AOAx &£OT i1 O1 h®AA
satellites separately before they were drawn. This meant that the research could proceed
without delving into the rendering pipeline. This again shows areas that can be greatly

expanded on, however.
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Boundary Zone Wavering Issue

The criteria for merging is based on distance. When the correct distance is reached, the
weighting is applied to the COF. IiThe Trip criteria for merge is based on the proximity of
OEA Ox1 OAOAI 1 EOAOG xAECEOAA #/ &08 4EEO | AATC

weights on each other and their cameras are fully aligned.

At the time of a split, the weighted COFs are already the same. In fact, immediately after a
OPI EO EO xEAT OEA AAI AOAO AOA AAOGO Al ECT AA8 3

cameras fuly aligned so that the merge will appear smoot®t® AAT T 1T O AA OOAA

indicator of the appropriate time to merge.

4EEO | AAT O OEAO OEAOA 10600 AA Al A@GOOA AEAAE
come from a split and should not merge right away. To accomplish this, a short timer is

used to indicate that a split has just occurred. Generally, the focus objeatill have moved

enough in towards a split or merge option during this time that this will not cause issues.
However, when there are more than two satellites in close proximity, the weighting causes

the satellites to influence each other enough that it tees a greater distance between the

focus objects for the weighted COFs to move apart.

The result was that, when there were more than two satellites in close proximity, the
satellites would waver between a split and merged state. If the focus objects aretrmoving

but standing still in the area where this would occur, the cameras will not move enough for
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this to be noticeable. However, if the focus objects are moving enough to cause camera

shifts but not enough to avoid this wavering, it will be noticeable

Several methods were attempted between the weighting approach and the other approach

as alternative merge criteria.

Firstly, using simple proximity of the satellites is not a valid option because the distance
satellites have to be in order to split or nerge is not always the same (as indicated by the
issues with finding the value ofQin the weighting algorithm). Because this value varies in
different cases, using a buffer on the value (i.e., the distance to merge is smaller than the
distance to split) would not be effective. This also stems from the fact that splitting criteria

is based on a visibility check with frustum collisions while the criteria for merging is based

solely on distance.

Alternative criteria for merger were also considered such as amplete visibility

AT 1 OAET T AT O ET OEA 1T OEAO OAOAI T EOCA8O OEAX

yile)

/| OAOI APbPET C T £#/ OEA 11 OAOAAT AOAxEIT CO 1 &£ OEA

attempted. Both of these techniques varied in causingerges not to occur soon enough or

merges to occur much too soon.

Conclusion

It is believed that by combining elements of the weighting approach with the merge focus
approach will eventually be effective at resolving this issue and even with resolving the

issue of not knowing an appropriate value ofQ This may include evaluating the distance
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AAROxAAT OEA AAGCAO 1T &# OEA OAOAI 1 EOAOS ~AOOOOA

part of the weighting.

No matter what, it is apparent that a compromise bateen the two approaches will likely
be needed. While weighting is successful in scaling the source and removing the need for
excess state checking, it relies on that unknown variable. It seems clear that part of the
solution lies in either using pure distance for split and merge evaluation, or using frustum

checks for both.

This research opened many doors and was able to successfully show the potential of a

satellite approach and illustrate how it might look.

Future Work
1 Solve the boundary wavering issuediscussed above.

1 Improve screen real estate usage so that satellites are drawn on as much of the
screen as they can. This would work better with a different rendering system where
source and destination shapes did not have to rectangles.

1 The ability to render to and from nonrectangular spaces would be beneficial

1 Reduce amount of renderingz Currently, the entire render target is rendered
although, when the camera is weighted, only a portion of it is drawn to the screen.
Improvements could be made so thabnly the drawn portion is rendered at any
given time.

1 When the number of focus objects in a system changes (such as on the death of a
player) the relative sizes of all satellites will change and can cause rapid jumps in
satellite size. The tracking of thecenter of focus calibrates by interpolating to a new
position when there is a change in the amount of objects in the system but it does
not accommodate for this change by interpolating to a new size for the source and

destination.
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T

Explore possible method for determining an appropriate value for the variable®Q

described in the weighting approach.

%D AT A £O01 AGEITTEI ¢ OI xI OE xEOE AAi AOAO OE
Blend satellites so that their edges are less obtrusive

The Tripcan do without this because the focus areas are general already framed by

OEA x1 Ol AG6O AAOET AOOs

Explore methods of using this system as part of a game mechanic

Improve use of PairCamerag Coordination with the PairCameras further could

likely be used to improve the camea behavior and evaluate merge criteria.

Currently, PairCameras require a lot of calculations but are only used to adjust the

EAECEO T £ OEA AAiI AOAOS6 DI OEOEIT xEAT OEA A
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Technique Issues Example Cap Games
“[R]estrict player motion so that 1 Veryartificial, can break immersion Castle Crashers, Donkey Konc¢
they must remain within the 1 Limits design opportunities
boundaries of the viewable region
of the world"20
Create game mechanics that f Requires building such a mechanic into the Qystal Chronicles, Mario Kart
require players to remain together game Double Dash
as part of the game logic 1 Limits design opportunities
Players who lag behind out of 1 Frustrating for slower players New Super Mario Bros. Wii
camera range are killed 1 Local ceops often favored by families who
have varying skill level*
1 Limits design opportunities
Zoom out to keep all players in 1 Works on smaller worlds but larger worlds Geometry Wars, Contra, New
view can mean that the camera has to zoom ot Super Mario Bros. Wii
too far for the game to be practical
Split screen: each player gets a 1 Players close together in the world do not Halo, Mario Kart, Army of
portion of the screen require separate views Two
1 Does not give a context for players to know
where they are in relation to each other.
1 Normally the division gives equal sized
splits*
Split when players move apart 7 Not demonstrated for more than two Lego Indiana Jones 2, Lego
players Harry Potter, Cyber Dogs
1 Only considers one player to track on eacl

side of the split.

20 [2 pp. 173]

21 [5 pp. 3]
22 [2 pp. 175]

Table 3: Viewing approaches for multi -player games
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