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Abstract   

This study explores an alternative approach to co-operative 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 players. The individual 

sections of the screen (satellites) can divide and recombine with minimal disorientation to 

players, are sized and positioned on screen based on the relative positions of the players or 

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 multi-player options.  

This project implemented a dynamic split screen technique in the game The Trip. 

Constructs called 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 group 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 the satellites 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 
¶ To develop a dynamic split screen approach that preserve the context of the split 

screens between each other.  

¶ 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 range and requires a separate satellite.  

¶ 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 multi-player, 

sometimes known as "couch co-op". This is especially true for families [5  pp. 3] . However 
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creating a view of the world where this is possible can be difficult. Table 3 (page 282) lists 

some approaches that are usually used and the issues with each. Most of the techniques 

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 have dynamic split screen, 

those that do will split dynamically in half when the players get far enough apart, some 

(LEGO Indiana Jones 2 and LEGO Harry Potter Years 1-4) 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 well14. Creating an effect similar to this with addition functionally 

was the main goal of the satellite system.  

                                                           
14 See video: http://www.youtube.com/watch?v=fnN7Gje7gbo#t=1m00s  

http://www.youtube.com/watch?v=fnN7Gje7gbo#t=1m00s
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The difference between the functionality shown in these games and 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:  

ȰȣÒÅÇÁÒÄÌÅÓÓ ÏÆ ÇÅÎÒÅȟ ɍÔÈÅÙɎ ÓÏÍÅÔÉÍÅÓ ÆÁÃÅ ÄÉÆÆÉÃÕÌÔÉÅÓ ÉÎ ÄÉÓÐÌÁÙÉÎÇ ÔÈÅ ÇÁÍÅ 

world adequately when more than one payer shares the display device. These 

problems typically stem from the inability to display appropriate views of the 

game play when individual players are performing actions that are positioned 

ÓÅÐÁÒÁÔÅÌÙȟ ÏÒ ÒÅÑÕÉÒÅ ÕÎÉÑÕÅ ÖÉÅ×Ó ÏÆ ÔÈÅ ÇÁÍÅ ×ÏÒÌÄȢȱ 

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: 

¶ 4ÈÅ ÓÐÌÉÔ ÃÁÎ ÏÃÃÕÒ Ȱ×ÈÅÎ ÏÎÅ ÏÒ ÍÏÒÅ ÏÆ ÔÈÅ ÃÈÁÒÁÃÔÅÒÓ ÉÓ ÁÂÏÕÔ ÔÏ ÌÅÁÖÅ ÔÈÅ ÖÉÓÉÂÌÅ 

screen areÁȢȱ  

¶ Player characters retain their screen relative positions during the split 
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¶ -ÅÒÇÅÓ ÓÈÏÕÌÄ ÉÄÅÁÌÌÙ ÏÃÃÕÒ ×ÈÅÎ ÏÂÊÅÃÔÓ ÈÁÖÅ ȰÒÅÁÃÈÅÄ Á ÐÏÓÉÔÉÏÎ ×ÈÅÒÅ ÔÈÅÙ ÁÒÅ 

close to the actual position on the full screen they will occupy when the screen is re-

ÊÏÉÎÅÄȱ 

Cinematic Camera Control in 3D Computer Games 

Lin et al. [6 ] emphasizes the ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÕÓÉÎÇ ÃÁÍÅÒÁ ÔÅÃÈÎÉÑÕÅÓ ÔÏ ÅÎÈÁÎÃÅ ÔÈÅ ÕÓÅÒȭÓ 

experience. It proposes a mechanism for camera control in games that is based on 

cinematic heuristics. It discusses the cinematic principles that have been adopted by 

ÇÁÍÅÓȢ 4ÈÅ Ô×Ï ÍÏÓÔ ÒÅÌÁÔÉÖÅ ÐÒÉÎÃÉÐÌÅÓȡ Ȱ,ÅÔ ÔÈÅ ÁÃÔÏÒ ÌÅÁÄȡ 4ÈÅ ÁÃÔÏÒ ÉÎÉÔÉÁÔÅÓ ÁÌÌ 

movement, and then the camera follow[sic] ÉÔȱ ÁÎÄ  ÁÖÏÉÄ ÊÕÍÐ-cuts and let the actor lead 

are considered key in minimizing player confusion during camera transitions.  

Generalized Fisheye Views 

An article by George Furnas, [1]  provides one of the earliest discussions of focus+context15 

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. 

!Î ÁÄÖÁÎÔÁÇÅ ÏÆ ÇÁÍÅÓ ÉÓ ÔÈÁÔ ÐÌÁÙÅÒÓ ÄÏÎȭÔ ÎÅÅÄ ÔÏ ÂÅ ÃÏÎÃÅÒÎÅÄ ×ÉÔÈ ÁÒÅÁÓ ÔÈÁÔ ÔÈÅy 

cannot interact with. However in a multiplayer game they still need a relative context for 

ÎÁÖÉÇÁÔÉÏÎȢ &ÕÒÎÁÓȭÓ ÃÏÎÃÅÐÔ ×ÁÓ ÔÏ ÕÓÅ Á ÆÉÓÈ-ÅÙÅ ÌÅÎÓ ÏÎ ÆÏÃÕÓ ÁÒÅÁÓ ÔÏ Ȱprovide a balance 

ÏÆ ÌÏÃÁÌ ÄÅÔÁÉÌ ÁÎÄ ÇÌÏÂÁÌ ÃÏÎÔÅØÔȱȢ 4ÈÉÓ ÁÌÌÏ×Ó ÁÎ Á×ÁÒÅÎÅÓÓ ÏÆ ÔÈÅ Åntirety of the data-

                                                           
15 [sic] ɀ This is the phrase. 



 
 
The Trip  Independent Research Topics  
 

[247] 
 

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 tree-structured scene graph mimics the Degree of 

Interest (DOI) trees shown by 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 separated 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 different focus areas are to each other.  

Tertiary Motion and Vector Consistency During Gameplay 

A blog post from Gamasutra [3]  ÄÉÓÃÕÓÓÅÓ ÔÈÅ ÌÁÃË ÏÆ ȰÔÅÒÔÉÁÒÙ ÍÏÔÉÏÎȱ ×ÈÉÃÈ )ÓÉÇÁÎ ÄÅÆÉÎÅÓ 

ÁÓ ȰÔÈÅ ÖÉÓÕÁÌ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ Á ÓÃÒÅÅÎ ÅÖÅÎÔ ÂÁÓÅÄ ÏÎ ÓÈÏÔ ÖÁÒÉÁÔÉÏÎ, especially through the 

ÕÓÅ ÏÆ ÃÕÔÓȢȱ )ÓÉÇÁÎ ÐÏÉÎÔÓ ÏÕÔ ÔÈÁÔ ÐÒÏÂÌÅÍÓ ÃÁÕÓÅÄ ÂÙ ÓÕÃÈ ÔÅÒÔÉÁÒÙ ÍÏÔÉÏÎ ÁÒÅ ÏÆÔÅÎ 

ÒÅÌÁÔÅÄ ÔÏ ÖÅÃÔÏÒ ÉÎÃÏÎÓÉÓÔÅÎÃÙ ×ÈÉÃÈ ÃÁÕÓÅÓ ÔÈÅ ÐÌÁÙÅÒ ÔÏ ÌÏÓÅ ȰÔÈÅ ÆÅÅÌÉÎÇ ÏÆ ÃÏÎÔÒÏÌ ÁÎÄ 

[have] difficulties in maintaining directional contiÎÕÉÔÙȢȱ 

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

Ȱ3ÉÎÃÅ ÉÍÍÅÒÓÉÏÎ ÒÅÑÕÉÒÅÓ ÔÈÅ ÉÌÌÕÓÉÏÎ ÏÆ ÁÇÅÎÃÙȟ ÁÎÄ ÁÇÅÎÃÙ ÉÓ ÂÁÓÅÄ ÏÎ Á 

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 AI, and not 
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the character. It is normal that any player would perceive this as an 

ÉÎÔÅÒÆÅÒÅÎÃÅ ÔÏ ÇÁÍÅÐÌÁÙ ÁÎÄ Á ÌÏÓÓ ÏÖÅÒ ÁÇÅÎÃÙȢȱ  

-ÁÉÎÔÁÉÎÉÎÇ Á ÓÅÎÓÅ ÏÆ ÁÇÅÎÃÙ ÉÓ ÃÌÏÓÅÌÙ ÔÉÅÄ ÔÏ ÔÈÅ ÉÄÅÁ ÏÆ ȰÌÅÔÔÉÎÇ ÔÈÅ ÁÃÔÏÒ ÌÅÁÄȱȢ !ÌÔÈÏÕÇÈ 

ÔÈÅ ÓÁÔÅÌÌÉÔÅ ÁÐÐÒÏÁÃÈ ÄÏÅÓÎȭÔ ÕÓÅ ÔÅÒÔÉÁÒÙ ÍÏÔÉÏÎȟ ÉÎÓÔÅÁÄ ÒÅÌÙÉÎÇ ÓÍÏÏÔÈ ÔÒÁÎÓÉÔÉÏÎÓ ÂÁÓÅÄ 

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 real-time 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 for interactive applications:  

¶ Real-ÔÉÍÅȡ ÂÅÃÁÕÓÅ ÔÈÅ ÐÌÁÙÅÒȭÓ ÁÃÔÉÏÎÓ ÁÒÅ ÎÏÔ ËÎÏ×Î ÉÎ ÁÄÖÁÎÃÅ 

¶ Smooth: preventing disorientation from rapid changing in viewpoint and breaking 

of view continuity  

¶ 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:  

¶ Integration into the rendering system so that the satellites could be drawn 

¶ Building a camera that had the necessary base behavior to maintain visibility and 

preserve a static perspective  
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¶ Adding the ability for the satellite to track and center on a group of objects and 

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 Target ɀ The off screen location the satellite is rendered to 

¶ Destination Rectangle ɀ Location on the screen to draw the satellite 

¶ Source Rectangle ɀ the segment of the render target drawn into the destination 

rectangle 

¶ Camera ɀ Perspective the satellite draws the world onto its render target 

¶ Focus objects ɀ 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 only a portion of 

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

0ÏÓÉÔÉÏÎÓ ÏÆ ÔÈÅÓÅ ÏÂÊÅÃÔÓ ÉÎ ÔÈÅ ×ÏÒÌÄ ÁÒÅ ÕÓÅÄ ÔÏ ÄÅÔÅÒÍÉÎÅ Á Ȱ#ÅÎÔÅÒ /Æ &ÏÃÕÓȱ ɉ#/&Ɋ 

based on the approximate center of the group. (Because this common approach works well 

×ÉÔÈ ȰÎÏÎ-ÐÅÒÓÐÅÃÔÉÖÅȱ ÃÁÍÅÒÁÓ ÓÕÃÈ ÁÓ ÉÓÏÍÅÔÒÉÃȟ ÔÈÅ ÇÁÍÅ ÃÁÍÅÒÁÓ ÕÓÅÄ ÉÎ ÔÈÉÓ ÒÅÓÅÁÒÃÈ 

were all at fixed perspectives) Focus objects can have weights applied which indicate how 

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

position on the screen.  

Visibility Sphere  

Each focus object has a visibility sphere around it (the blue circles in Figure 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. In The Trip, visibility 

spheres were also used in indicating objects that are in close enough proximity that they 

should belong in the same satellite. 

Framing Focus Objects 

&ÒÁÍÉÎÇ ÏÆ ÆÏÃÕÓ ÏÂÊÅÃÔÓ ÉÓ ÄÏÎÅ ÂÙ ÃÏÍÐÁÒÉÎÇ ÔÈÅÉÒ ÖÉÓÉÂÉÌÉÔÙ ÁÇÁÉÎÓÔ ÔÈÅ ÃÕÒÒÅÎÔ ÃÁÍÅÒÁȭÓ 

view frustum. Collision with their visibility sphere against the frustum 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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ÅÎÓÕÒÅ ÔÈÁÔ ÔÈÅ ÃÁÍÅÒÁ ÄÏÅÓÎȭÔ ÃÏÎÔÉÎÕÅ ÔÏ ÊÉÔÔÅÒ ÂÅÔ×ÅÅÎ Á ÓÔÁÔÅ ×ÈÅÒÅ ÉÔ ÍÕÓÔ ÚÏÏÍ ÏÕÔ 

and a state where it must zoom in.    

 

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 the frustum 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 transitions 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. 
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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. Therefore, 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 

PairCamera).  

The simplest approach to make this transition would be to identify the correct positions 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 (see Merge 

Focus Groups: Alternative Approach below). 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 points, 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  

!Ô ÁÎÙ ÇÉÖÅÎ ÐÏÉÎÔ ÉÎ ÔÉÍÅ Á ÓÁÔÅÌÌÉÔÅȭÓ ÃÁÍÅÒÁ ÉÓ aim at a weighted COF. The weight applied 

is based on the relative distances other satellites are from the satellite in question and 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). The amount of weight satellite A can exert on satellite B is:  

άὥὼὡὩὭὫὬὸ  
ὃ

ὃ   ὄ
 

For example: If the two satellites have equal weights, then the maximum amount of weight 

they can exert on each other is half. This means 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 distance, Ὧ, is the distance the satellites should be 

when they split and the distance they should be when they merge. Ὑ is a distance from Ὧ to 

stop exerting any weight. As satellite B moves from a distance of Ὧ to a distance of Ὧ Ὑ  

from B, the amount of influence A has on B goes from άὥὼὡὩὭὫὬὸ to 0. Therefore, if 

Ὠ ὨὭίὸὥὲὧὩ ὦὩὸύὩὩὲ ὃ ὥὲὨ ὄ , the amount to scale the weight by:  

ύὩὭὫὬὸὛὧὥὰὩ 
Ὑ Ὠ Ὧ

Ὑ
 

And the actual weight can be found by simply: 

ύὩὭὫὬὸὉὼὩὶὸὩὨύὩὭὫὬὸὛὧὥὰὩάzὥὼὡὩὭὫὬὸ 

The COF for B is then adjusted: 
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ὄ  ὃ  ὄ ύzὩὭὫὬὸὉὼὩὶὸὩὨ 

This weighting is relatively simple. Ὑ can be calibrated to achieve the desired transition 

time and appearance. However, the value of Ὧ is 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 in the 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 the 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 

ÓÁÍÅ ÁÓ ÔÈÅ ÓÁÔÅÌÌÉÔÅȭÓ ÁÃÔÕÁÌ #/&Ȣ 

4ÈÅ ×ÅÉÇÈÔÅÄ #/& ÉÓ ÕÓÅÄ ÁÓ ÔÈÅ ÃÁÍÅÒÁȭÓ ,ÏÏË!Ô position. By having the cameras look at 

this point, the LookAt for the camera of the satellites will align as the satellites move closer 

together.  

5ÓÉÎÇ ÔÈÉÓ ÔÅÃÈÎÉÑÕÅ ÁÌÌÏ×Ó ÆÏÒ ÔÈÅ ÓÍÏÏÔÈ ÔÒÁÎÓÉÔÉÏÎ ÏÆ ÔÈÅ ÃÁÍÅÒÁȭÓ ÌÏÏË ÁÔ ÂÕÔ ÄÏÅÓ ÎÏÔ 

account for the changes in position resulting from the need to frame different focus groups. 

&ÏÒ ÔÈÉÓȟ ÁÎÏÔÈÅÒ ÃÁÍÅÒÁ ÉÓ ÕÓÅÄ ÔÏ ÁÄÊÕÓÔ ÔÈÅ ÚÏÏÍ ÂÁÓÅÄ ÏÎ ÅÖÅÒÙ ÏÔÈÅÒ ÓÁÔÅÌÌÉÔÅȭÓ 

influence on the given satellite.  
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PairCamera  

When satellites merge or split, their cameras attempt 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 natural zooming will reframe the focus object throughout 

the transition. 

Aiming is therefore accomplished without having a separate camera. However, once the 

ÃÁÍÅÒÁÓ ÈÁÖÅ ÍÏÖÅÄ ÁÐÁÒÔȟ ÔÈÅÙ ÄÏÎȭÔ ÈÁÖÅ Á ×ÁÙ ÏÆ ÄÅÔÅÒÍÉÎÉÎÇ ×ÈÁÔ ÔÈÅ ÎÅ× ÚÏÏÍÉÎÇ 

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 had 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. 

-ÏÖÉÎÇ ÔÈÅ ÃÁÍÅÒÁÓȭ ÐÏÓÉÔÉÏÎÓ ÔÏ×ÁÒÄÓ ÅÁÃÈ ÏÔÈÅÒ ×ÏÕÌÄ ÏÎÌÙ ÍÏÖÅ ÔÈÅÍ ÔÏ Á ÃÅÎÔÒÁÌ 

point. Because of how the cameras must frame the entire group of focus objects, a 

combination of the two cameras was insufficient 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 towards 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 towards the 

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

The fact that there are  
ᶻ

  pair cameras for ὲ satellites and that the framing requires 

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

ÄÏÎȭÔ ÈÁÖÅ Á ÆÏÃÕÓ ÇÒÏÕÐ ÔÏ ÔÒÁÃËȢ 3Ï Á 0ÁÉÒ#ÁÍÅÒÁ ÏÎÌÙ ÎÅÅÄÓ ÔÏ be initialized at a split.  

4ÈÅ 0ÁÉÒ#ÁÍÅÒÁ ÔÅÃÈÎÉÑÕÅ ÉÓ ÃÕÒÒÅÎÔÌÙ ÏÎÌÙ ÕÓÅÄ ÔÏ ÍÁÔÃÈ ÔÈÅ ÃÁÍÅÒÁÓȭ positions while the 

satellites are relying on the weighted focus. Using the weighted center of focus means that 

the cameras will always be looking at the correct spot. The height of the cameras is 

ÁÄÊÕÓÔÅÄ ÔÏ ÓÌÉÄÅ ÔÏ×ÁÒÄÓ ÔÈÅ 0ÁÉÒ#ÁÍÅÒÁȭÓ ÈÅÉÇÈÔ ɉÔÈÅ 0ÁÉÒ#ÁÍÅÒÁ ÈÁÖÉÎÇ ÔÈÅ ÃÏÒÒÅÃÔ ÚÏÏÍ 

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

Coordination with the PairCameras further could likely be used further to improve the 

camera behavior and evaluate merge criteria. Currently, PairCameras require a lot of 

ÃÁÌÃÕÌÁÔÉÏÎÓ ÂÕÔ ÁÒÅ ÏÎÌÙ ÕÓÅÄ ÔÏ ÁÄÊÕÓÔ ÔÈÅ ÈÅÉÇÈÔ ÏÆ ÔÈÅ ÃÁÍÅÒÁÓȭ ÐÏÓÉÔÉÏÎ ×ÈÅÎ ÔÈÅ 

camera is weighted. 
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Source and Destination  

The satellites are each rendered off-screen 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 ÃÁÎ ÔÈÅÎ ÂÅ ÄÒÁ×Î ÏÎ ÔÈÅ ÓÃÒÅÅÎ ÉÎ ÔÈÅ ÓÁÔÅÌÌÉÔÅȭÓ ÄÅÓÔÉÎÁÔÉÏÎ ÒÅÃÔÁÎÇÌÅȢ  

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 relative 

positions of the satellites in the world (see FarCamera).  

At the time of split, the two satellites will have the same cameras looking at the same 

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 in the section of the 

screen focused to the correct size on their focus area.  

 

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 imposed by the satellites on each 

other was saved. When the weight was at maximum (ύὩὭὫὬὸὛὧὥὰὩρ), the 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 to zero, 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 to lighted 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 the screen 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 of the focal area, context is also given for the 

ÒÅÌÁÔÉÖÅ Ȱ×ÏÒÔÈȱ ÏÆ ÔÈÅ ÓÁÔÅÌÌÉÔÅȢ 3ÁÔÅÌÌÉÔÅÓ ÔÈÁÔ ÁÒÅ ÔÒÁÃËÉÎÇ ÍÏÒÅ ÏÂÊÅÃÔÓ ÁÒÅ ÁÓÓÕÍÅÄ ÔÏ ÂÅ 

of greater interest to players and are therefore given a larger percentage of screen space.  
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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 can mean that there is a lot of extra screen space not being used.  

Inset Satellites  

!Î ÁÌÔÅÒÎÁÔÉÖÅ ÔÏ ÔÈÅ ȰÆÌÏÁÔÉÎÇ ÓÁÔÅÌÌÉÔÅÓȱ ×ÁÓ ÁÌÓÏ ÃÏÎÓÉÄÅÒÅÄȢ 4ÈÉÓ ÖÅÒÓÉÏÎ ÔÒÅÁÔÅÄ ÏÎÅ 

ÓÁÔÅÌÌÉÔÅ ÁÓ Á ȰÍÁÉÎȱ ÓÁÔÅÌÌÉÔÅ ÔÈÁÔ ×ÁÓ ÁÌ×ÁÙÓ ÄÒÁ×Î ÆÕÌÌ ÓÉÚÅ ÔÏ ÔÈÅ ÓÃÒÅÅÎȢ 7ÈÅn a split 

ÏÃÃÕÒÒÅÄȟ ÔÈÅ ÓÁÔÅÌÌÉÔÅ ×ÏÕÌÄ ÁÃÔÕÁÌÌÙ ÂÅ ÄÒÁ×Î ÁÓ Á ÓÍÁÌÌ ȰÉÎÓÅÔȱ ÐÒÏÖÉÄÉÎÇ Á Ȱ×ÉÎÄÏ×ȱ ÉÎÔÏ 

ÔÈÅ ×ÏÒÌÄ ×ÈÅÒÅ ÔÈÅ ÓÐÌÉÔ ÓÁÔÅÌÌÉÔÅÓȭ ÆÏÃÕÓ ÏÂÊÅÃÔÓ ×ÅÒÅȢ  

To prevent the view of the world in the main satellite from being obstructed by the 

presence of the inset satellites on top of it on the screen, objects referred to as 

ȰMainViewWeightsȱ were 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 screen location of a satellite into 

ÔÈÅ ×ÏÒÌÄ ÖÉÅ×ÁÂÌÅ ÂÙ ÔÈÅ ÍÁÉÎ ÓÁÔÅÌÌÉÔÅȭÓ ÃÁÍÅÒÁȢ )Ô ÉÓ ÔÈÅÎ ÔÒÅÁÔÅÄ ÁÓ ÁÎÏÔÈÅÒ ÆÏÃÕÓ ÏÂÊÅÃÔ 

according to the main satellite. But having this weight there, it will prevent the main 

satellite from being centered on its true focus 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 is more 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 game16.  

 

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 

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 scene. 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 matches 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 thÅÎ ÔÈÅ ÃÁÍÅÒÁȭÓ ,ÏÏË!Ô ÉÓ ÆÁÒÔÈÅÒ ÆÒÏÍ ÔÈÅ ÆÏÃÕÓ ÁÒÅÁ 

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.  

 

►▄■╪◄░○▄╦▄░▌▐◄
▪◊□╫▄► ▫█ █▫╬◊▼ ▫╫▒▄╬◄▼ ░▪ ╧
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 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 and because 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 not affect 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 the ύὩὭὫὬὸὉὼὩὶὸὩὨ, 

save the ύὩὭὫὬὸὛὧὥὰὩ and then 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 relationship 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 rectangle 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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Figure 32: Relationships between center of focus (diamonds) and weighted c 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 screen.  At 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 at its highest 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 expands 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. 

 

Table 2: Various relationships for a single satellite after splitting  
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The graph shown in Table 2 is somewhat misleading because it shows a gradual change 

from points 1 and 2. In fact, the values 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 center of 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 one 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 to the 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 the player 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 the ÐÏÓÉÔÉÏÎÓ ÏÆ ÅÁÃÈ ÓÁÔÅÌÌÉÔÅ ÉÎ ÔÈÅ ÅÎÔÉÒÅ ×ÏÒÌÄȠ ÉÔȭÓ ÆÕÎÃÔÉÏÎÉÎÇ 

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 

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

ÍÁÔÃÈÅÓ ÔÈÅ ÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ ÓÉÎÇÌÅ ÓÁÔÅÌÌÉÔÅȭÓ ÃÁÍÅÒÁȢ 

When all of the satellites are in view, projection from their positions through this camera to 

the screen allows for accurate 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 themselves by 

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 (indicaÔÅÄ ÂÙ ÔÈÁÔ ÓÁÔÅÌÌÉÔÅȭÓ #/&Ɋ ÔÈÒÏÕÇÈ ÔÈÅ ÆÁÒ 

camera, the correct relative screen position of a satellite can be determined. 

Splitting  

At the time of a split the following occurs:  

¶ The new satellite is activated and its camera is set to match the original satellite.  
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¶ 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 between the old 

and newly created satellite.  

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

¶ Any objects close enough that they would also be included are also relocated to the 

new satellite.  

¶ A brief timer is set to prevent the satellites from immediately remerging (since at 

this point, they are also close enough to merge. See Boundary Zone Wavering) 

¶ All the other pair cameras that were affected 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 objects were close enough 

ÔÏ ÃÏÌÌÉÄÅ ×ÉÔÈ ÁÎÏÔÈÅÒ ÓÁÔÅÌÌÉÔÅȭÓ ÆÒÕÓÔÕÍȢ )Î ÏÒÄÅÒ ÔÏ ÍÅÒÇÅ ÓÕÃÃÅÓÓÆÕÌÌÙȟ ÔÈÅÒÅ ÈÁÓ ÔÏ ÂÅ 

some method for determining a point where the satellites are close enough that their 

cameras should begin to align.  

The weighting algorithm takes into 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 means 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 two satellites is the 

same as the unweighted COF  on the combined group,  the additions to the focus group will 

ÎÏÔ ÃÁÕÓÅ Á ÃÈÁÎÇÅ ÉÎ ÔÈÁÔ ÓÁÔÅÌÌÉÔÅȭÓ #/&Ȣ  

Merge satellite A and satellite B 

¶ -ÏÖÅ ÁÄÄ ÓÁÔÅÌÌÉÔÅ !ȭÓ ÆÏÃÕÓ'ÒÏÕÐ ÔÏ ÓÁÔÅÌÌÉÔÅ "17 

¶ Update any other PairCameras that have satellite B as one of the satellites18 

¶ 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 enough, they 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 refocusing began 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 

ÃÁÍÅÒÁ ×ÏÕÌÄ ËÅÅÐ ÍÏÖÉÎÇȢ 4ÈÉÓ ÖÉÏÌÁÔÅÄ ÔÈÅ ÒÕÌÅ ÏÆ ȰÌÅÔÔÉÎÇ ÔÈÅ ÁÃÔÏÒ ÌÅÁÄȱ ÁÎÄ ÄÁÍÁÇÅÄ 

thÅ ÐÌÁÙÅÒȭÓ ÓÅÎÓÅ ÏÆ ÁÇÅÎÃÙȢ    

                                                           
17 The focusGroup could be set to be that of the pair camera but The Trip requires an extra check for player 

focus objects so it can do ray-picking 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 not move 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 

ÌÅÆÔ ÔÈÉÓ ȰÍÅÒÇÅ ÚÏÎÅȱ ×ÈÅÒÅ ÔÈÅ camera was transitioning, it would also 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 reach 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 gets into merge range.  

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

¶ Check to see if two satellites were close enough to merge (Figure 33). The satellite is 

now in a merge zone. 

¶ 3ÅÔ Á ȰÍÅÒÇÅ ÆÏÃÕÓ ÇÒÏÕÐȱ ÆÏÒ ÅÁÃÈ ÏÆ ÔÈÏÓÅ ÓÁÔÅÌÌÉÔÅÓ ÔÈÁÔ ÒÅÆÌÅÃÔÅÄ ÔÈÅ ÃÏÎÔÅÎÔÓ ÏÆ 

the shared focus groups.  

¶ Track the center of focus for the merge focus group (basically what the PairCamera 

does now) 

¶ While the camera is 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 33ȡ 3ÁÔÅÌÌÉÔÅÓ ÔÈÁÔ ÈÁÖÅ ÃÏÍÅ ÉÎÔÏ ȰÍÅÒÇÅ ÒÁÎÇÅȱȢ 4ÈÅ ͼÍÅÒÇÅ ÓÐÈÅÒÅͼȟ ÁÎ ÅÎÌÁÒÇÅÄ ÖÉÓÉÂility 
sphere, around the left focus object is colliding with the frustum for the left satellite  

This approach for handling merges appeared 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 the transition 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 satellites 

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 overall complexity 

of this approach can be seen in Figure 34. 

The current approach, using a weighted center of focus, greatly improves over this method: 

¶ There ÉÓ ÎÏ ÓÅÎÓÅ ÏÆ Á ÓÐÌÉÔ ÂÅÉÎÇ ȰÆÉÎÉÓÈÅÄȱ ÏÒ Á ÍÅÒÇÅ ÂÅÉÎÇ ȰÓÔÁÒÔÅÄȱȢ 4ÈÅÒÅ ×ÁÓ ÎÏ 

need to do extra checking for the state of the satellite before moving the camera.  

¶ It handles the weights of all the satellites in the system at once 
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¶ 4ÈÅ ÓÅÎÓÅ ÏÆ ȰÍÅÒÇÅ ÃÅÎÔÅÒÓ ÏÆ ÆÏÃÕÓȱ ÁÎÄ ȰÍÅÒÇÅ ÆÏÃÕÓ ÇÒÏÕÐÓȱ ÉÓ ÒÅÍÏÖÅÄ ÔÏ ÔÈÅ 

PairCameras  

¶ )Ô ÉÓ ÔÏÔÁÌÌÙ ÄÅÐÅÎÄÅÎÔ ÏÎ ÔÈÅ ÐÏÓÉÔÉÏÎÓ ÏÆ ÔÈÅ ÓÁÔÅÌÌÉÔÅÓȭ ÆÏÃÕÓ ÏÂÊÅÃÔÓ ÁÎÄ ÈÏ× ÔÈÅÙ 

change over time. So the camera will only move if the players are moving. This will 

not need extra checking. 

¶ ! ÎÅ× ÃÅÎÔÅÒ ÏÆ ÆÏÃÕÓ ÄÏÅÓ ÎÏÔ ÎÅÅÄ ÔÏ ÂÅ ÔÒÁÃËÅÄ ÆÏÒ Á ȰÍÅÒÇÅ ÇÒÏÕÐȱȢ 2ÁÔÈÅÒȟ ÔÈÅ 

weighted COF accomplishes the same thing more elegantly without the need to keep 

track of all the possible combinations of focus groups. 

¶ The weighting gradually moves 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 influenced by any other satellites. This made it a simple method 

for knowing how to scale the source size. 

The merge focus groups approach makes it difficult to work with multiple satellites 

ÍÅÒÇÉÎÇ ÁÔ ÏÎÃÅ ÁÎÄ ÄÉÄÎȭÔ ÉÎÃÌÕÄÅ Á ÓÅÎÓÅ ÏÆ ÔÈÅ ÃÁÍÅÒÁȭÓ ÐÏÓÉÔÉÏÎȟ ÏÎÌÙ ÔÈÅ ÃÁÍÅÒÁȭÓ 

LookAt during transitions. It also had no way of scaling the source rectangle so 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 checked (Figure 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 satellites shared 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 effect on the calculation of the weighted center of focus. Problem 

areas of the algorithm are indicated in red on Figure 34. 

Seeing that this approach would leave 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. 

Two satellites to 

test

Are they 

merging?

Are they 

merging with 

each other?

Are they still 

merging?

Can they 

merge?

No

Yes

Yes

Yes

Has the focus 

group 

changed?

Has the merge 

focus group 

changed?

Change merge 

focus group

Yes

No

NoDONE!

Can they 

merge?
No No

Yes

Merge focus 

groups, Set one to 

die, Set them to be 

merging

Cancel Merge

Yes

?????

Yes ????

No
Are they done 

merging?

Yes

Set to be not 

merging, kill off the 

death one, set 

focus group to 

merge focus 

group, check the 

playerôs targetting. 

Adjust merge focii, 

move cameras, etc 

 

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

Game Integration  

As a four-person local co-op game, The Trip a 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 easily defined 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:  

¶ The system had to be tied into the rendering system 

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

¶ Immediate catching of gameplay that would affect the system logic 

¶ Monitor performance as new features are implemented because each satellite 

requires a complete drawing of the entire scene.  

¶ 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 game ÅÎÇÉÎÅȭÓ ÒÅÎÄÅÒ ÓÙÓÔÅÍȢ 8.! 3ÐÒÉÔÅ"ÁÔÃÈ ÉÓ ÕÓÅÄ 

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 using the floating satellites in The Trip was 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 

ÔÈÅ ×ÏÒÌÄ ÔÈÁÔ ×ÏÕÌÄÎȭÔ ÂÅ ÓÅÅÎ ÁÎÙ×ÁÙȡ  
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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 certain 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 direction.19 

 

Figure 36: Just prior to split  

 

Figure 37: Anticipated division of world by satellites  

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

http://www.youtube.com/watch?v=bR5nVw_7kVo
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Figure 38: Anticipated appearance of screen due to loss of real -estate from the even scaling of 
destination rectangles  

 

Figure 39: Actual view just after split  

 

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 Ὧ value in the weighting mean that it does not 

appear smooth in all cases. The sample shown is with an estimated Ὧ value 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. Especially methods for 

determining the appropriate method for applying weights to cameras.  

Finally, the project was able to successfully run within the platform constraints. Making use 

ÏÆ 8.!ȭÓ 3ÐÒÉÔÅ"ÁÔÃÈ ÔÏ ÄÒÁ× ÆÒÏÍ ÓÏÕÒÃÅ ÔÏ ÄÅÓÔÉÎÁÔÉÏÎ ÏÎÌÙ ÒÅÑÕÉÒÅÄ ÒÅÎÄÅÒÉÎÇ Ôhe 

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. In The Trip, criteria for merge is based on the proximity of 

ÔÈÅ Ô×Ï ÓÁÔÅÌÌÉÔÅÓȭ ×ÅÉÇÈÔÅÄ #/&ÓȢ 4ÈÉÓ ÍÅÁÎÓ ÔÈÁÔ ÔÈÅ ÓÁÔÅÌÌÉÔÅÓ ×ÉÌÌ ÂÅ ÅØÅÒÔÉÎÇ ÔÈÅÉÒ ÆÕÌÌ 

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 

ÓÐÌÉÔ ÉÓ ×ÈÅÎ ÔÈÅ ÃÁÍÅÒÁÓ ÁÒÅ ÂÅÓÔ ÁÌÉÇÎÅÄȢ 3Ï ÕÓÉÎÇ ÁÎÙÔÈÉÎÇ ÔÈÁÔ ÉÓ ÁÎ ÉÎÄÉÃÁÔÏÒ ÏÆ ȰÁÒÅ ÔÈÅ 

cameras fully aligned so that the merge will appear smooth?ȱ ÃÁÎÎÏÔ ÂÅ ÕÓÅÄ ÁÓ ÁÎ 

indicator of the appropriate time to merge.  

 4ÈÉÓ ÍÅÁÎÓ ÔÈÁÔ ÔÈÅÒÅ ÍÕÓÔ ÂÅ ÁÎ ÅØÔÒÁ ÃÈÅÃË ÔÏ ÍÁËÅ ÓÕÒÅ ÔÈÁÔ ÔÈÅ ÓÁÔÅÌÌÉÔÅÓ ÈÁÖÅÎȭÔ ÊÕÓÔ 

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 objects will 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 takes 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 are not moving 

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 merge is not always the same (as indicated by the 

issues with finding the value of Ὧ in 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 complete visibility 

ÃÏÎÔÁÉÎÍÅÎÔ ÉÎ ÔÈÅ ÏÔÈÅÒ ÓÁÔÅÌÌÉÔÅȭÓ ÖÉÅ× ÆÒÕÓÔÕÍ ÂÙ Á ÆÏÃÕÓ ÏÂÊÅÃÔ ÉÎ ÔÈÅ ÆÉÒÓÔ ÓÁÔÅÌÌÉÔÅȢ 

/ÖÅÒÌÁÐÐÉÎÇ ÏÆ ÔÈÅ ÏÎ ÓÃÒÅÅÎ ÄÒÁ×ÉÎÇÓ ÏÆ ÔÈÅ ÓÁÔÅÌÌÉÔÅÓȭ ÄÅÓÔÉÎÁÔÉÏÎÓ ÒÅÃÔÁÎÇÌÅÓ ×ÁÓ ÁÌÓÏ 

attempted.  Both of these techniques varied in causing merges 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 of Ὧ. This may include evaluating the distance 
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ÂÅÔ×ÅÅÎ ÔÈÅ ÅÄÇÅÓ ÏÆ ÔÈÅ ÓÁÔÅÌÌÉÔÅÓȭ ÆÒÕÓÔÁ ÁÓ ÏÐÐÏÓÅÄ ÔÏ ÄÉÓÔÁÎÃÅÓ ÂÅÔ×ÅÅÎ ÔÈÅÉÒ #/&Ó ÁÓ 

part of the weighting.  

No matter what, it is apparent that a compromise between 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  

¶ Solve the boundary wavering issues discussed above. 

¶ 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.  

¶ The ability to render to and from non-rectangular spaces would be beneficial 

¶ Reduce amount of rendering ɀ 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 that only the drawn portion is rendered at any 

given time. 

¶ 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 the center 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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¶ Explore possible methods for determining an appropriate value for the variable Ὧ 

described in the weighting approach. 

¶ %ØÐÁÎÄ ÆÕÎÃÔÉÏÎÉÎÇ ÔÏ ×ÏÒË ×ÉÔÈ ÃÁÍÅÒÁÓ ÔÈÁÔ ÄÏÎȭÔ ÈÁÖÅ Á ÆÉØÅÄ ÐÅÒÓÐÅÃÔÉÖÅȢ  

¶ Blend satellites so that their edges are less obtrusive 

¶ The Trip can do without this because the focus areas are general already framed by 

ÔÈÅ ×ÏÒÌÄȭÓ ÄÁÒËÎÅÓÓȢ  

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

¶ Improve use of PairCameras ɀ Coordination with the PairCameras further could 

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

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

ÈÅÉÇÈÔ ÏÆ ÔÈÅ ÃÁÍÅÒÁÓȭ ÐÏÓÉÔÉÏÎ ×ÈÅÎ ÔÈÅ ÃÁÍÅÒÁ ÉÓ ×ÅÉÇÈÔÅÄȢ 
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Technique Issues Example Co-op Games 

"[R]estrict player motion so that 
they must remain within the 
boundaries of the viewable region 
of the world"20 

¶ Very artificial, can break immersion 
¶ Limits design opportunities 

Castle Crashers, Donkey Kong  

Create game mechanics that 
require players to remain together 
as part of the game logic 

¶ Requires building such a mechanic into the 
game 

¶ Limits design opportunities 

Crystal Chronicles, Mario Kart 
Double Dash 

Players who lag behind out of 
camera range are killed 

¶ Frustrating for slower players 
¶ Local co-ops often favored by families who 

have varying skill levels21 

¶ Limits design opportunities 

New Super Mario Bros. Wii 

Zoom out to keep all players in 
view 

¶ Works on smaller worlds but larger worlds 
can mean that the camera has to zoom out 
too far for the game to be practical 

Geometry Wars, Contra, New 
Super Mario Bros. Wii 

Split screen: each player gets a 
portion of the screen 

¶ Players close together in the world do not 
require separate views 

¶ Does not give a context for players to know 
where they are in relation to each other.  

¶ Normally the division gives equal sized 
splits22  

Halo, Mario Kart, Army of 
Two  

Split when players move apart ¶ Not demonstrated for more than two 
players 

¶ Only considers one player to track on each 
side of the split.  

Lego Indiana Jones 2, Lego 
Harry Potter, Cyber Dogs  

Table 3: Viewing approaches for multi -player games  

                                                           
20  [2 pp. 173]  
21  [5  pp. 3] 
22  [2 pp. 175]  


