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Abstract 
 
In command and control systems, for example air traffic control, operators must view many moving objects                
simultaneously. Graphical labels that identify objects move along with them, and for readability it is important                
that such labels do not overlap or hop around erratically as objects come close to each other. Instead, the labels                    
should smoothly revolve around their objects. The goal of this thesis is to explore label placement strategies for                  
moving objects that avoid overlap and hopping effects. In this thesis, we consider a simplified problem, in                 
which time is coarsely discretized and each label is of a fixed size and can only be displayed in a limited number                      
of distinct positions relative to its corresponding object. An optimal and a reactive heuristic algorithm are                
developed and applied to a number of test cases, which are then analysed for different statistical measures. In a                   
scene with 25 objects traveling across a common area, the reactive algorithm is on average able to keep                  
approximately half of the labels visible the whole time, whereas the optimal algorithm could only be applied to                  
test cases with at most four objects. A prediction mechanism is implemented that on average decreases the                 
number of times labels alternate between being hidden and visible. Future work could investigate how users                
perceive the usability of a system implementing the reactive algorithm. 

 
 

 
 
 

Sammanfattning 
 
I lednings- och övervakningssystem för t.ex. flygtrafik måste operatörer hålla uppsikt på flera rörliga objekt               
samtidigt. För att kunna identifiera objekten visas de tillsammans med grafiska etiketter som följer dem åt, och                 
för att det ska gå att läsa etiketterna ordentligt är det viktigt att de inte överlappar eller gör hastiga oförutsägbara                    
rörelser när objekt närmar sig varandra. Istället bör etiketterna röra sig mjukt runt sina respektive objekt. Målet                 
med detta arbete är att utforska strategier för att placera etiketter till rörliga objekt på ett sådant sätt att överlapp                    
och hastiga oförutsägbara rörelser undviks. I arbetet behandlas ett förenklat problem där tiden är grovt               
diskretiserad och varje etikett har en förutbestämd storlek och enbart kan visas på ett begränsat antal platser i                  
förhållande till objektet den tillhör. En optimal och en reaktiv heuristisk algoritm utvecklas och tillämpas på ett                 
antal testfall som sedan analyseras för mätdata. I en vy med 25 objekt som färdas genom ett gemensamt område                   
klarar den reaktiva algoritmen i genomsnitt att behålla ungefär hälften av etiketterna synliga hela tiden, medan                
den optimala algoritmen endast kunde tillämpas på testfall med som mest fyra objekt. En förutsägelsemekanism               
implementeras och lyckas i många fall förhindra att etiketterna växlar mellan att vara dolda och synliga.                
Framtida arbete skulle kunna utreda hur användare upplever användbarheten av en praktisk tillämpning som              
använder den reaktiva algoritmen. 
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1 Introduction 
In command and control systems, for example air traffic monitoring applications, operators must view 
many moving objects simultaneously. To be able to access information about an object, some text is 
usually displayed in a label connected to it. As objects move close to each other, we want to prevent 
the labels from overlapping, to keep the information readable. It is also important that labels do not 
make sudden hops to new faraway locations or flicker by alternating too much between being visible 
and invisible, as that would make it more difficult to keep track of them. Instead, the labels should 
avoid each other by moving smoothly around their respective objects. 

 
Fig 1.1: Example of a view with objects identified by labels. The small red squares represent objects. Labels are displayed adjacent to them 
and contain information about their corresponding objects. A label in this figure shows the object ID followed by the relative label position 

on the first line. The second and third line show the x and y position of the object, respectively. 
 

1.1 Problem statement 
The goal of this thesis is to explore label placement strategies which avoid overlapping, hopping and 
flickering effects as much as possible. However, it is impossible to ensure that all of these are avoided 
entirely. Label overlap will therefore be forced to be eliminated completely. Hopping, meaning that a 
label changes to a far away position from one frame to the next, will also be completely eliminated, 
while flickering effects caused by labels alternating between being hidden and visible are allowed, but 
will be attempted to be minimized. 
 

 
Fig 1.2: Two objects (0 and 1) with labels about to collide. They start as shown on the left, with the gray lines highlighting their future 

trajectories, and should successfully end up as shown on the right, with the labels having changed their relative positions. In the middle the 
labels are overlapping, which is what will happen if the relative positions of the labels do not change, even though the objects are at the same 

locations as on the right. 



2 Background and theory 
2.1 Automatic label placement 
Automatic label placement  is an area about which there has been much recent research. It involves 
computer methods of placing labels in a view in various ways. The most common application is 
cartography, where the goal is to create a map where cities, countries, rivers, etc. – commonly referred 
to as features  – are labeled with a name in such a way that a user can intuitively associate every name 1

with its corresponding feature. 
 
There are usually several different places where a label can be placed to be intuitively associated with 
its corresponding feature. Placing the label in one particular place might prevent other features from 
being labeled, whereas placing it somewhere else might not. In order to avoid potential ambiguity, the 
labels can be only allowed to be positioned in certain ways, depending on the nature of the 
corresponding feature. A river, for example, is generally represented by a line feature , which has the 
shape of a line, and as such, the label can usually be placed anywhere along that line. A country is 
typically represented by an area feature , and requires a label to be located within some geometric 
area. Finally, there are point features , which can be used to represent cities, or other objects with a 
negligible size when seen on the map, including vehicles. The label of a point feature is typically 
required to be located close to the specific point denoting the location of that feature. In the case of 
point features, one common option is to let labels be placed in one of four positions: directly to the 
right of, above, below, or to the left of the feature. This can also be increased to multiple other 
locations, including, for example, anywhere  within a certain radius from this point. The label 
associated with a specific feature is typically the closest one, although leading lines can be drawn 
between a feature and a label to clarify the connection. 
 
One common problem is how we can label as many features as possible while satisfying these 
restrictions. For static views, this calculation only needs to be executed once, and therefore does not 
necessarily need to be done in a very short time frame. Christensen, Marks and Schieber [1] compare 
a number of algorithms for static label placement. A Simulated Annealing approach outperforms 
several other methods like Gradient Descent, random and greedy placement, in terms of the number of 
labels successfully displayed without overlap. The computation time is close to the average of the 
algorithms tested. They also state that this problem is NP-hard. Rabello et al. [2] introduce a 
clustering search heuristic which outperforms many previous methods, including POPMUSIC and 
Tabu Search, when it comes to displaying as many labels as possible. Wolff [3] describes the area of 
label placement and several problems it can involve, and a number of algorithms are tested and 
compared. There also exists additional research on the topic of static label 
placement [4], [5], [6], [7], [8]. 
 

2.1.1 Dynamic views 
A dynamic view is any view that can change over time, either due to changes in the viewed 
environment itself, or a change of the user perspective. When working on dynamic views and 
real-time applications, there is a time constraint which needs to be satisfied in order to provide a 
smooth user experience, as label positions may need to be recalculated every time the view is updated. 
Depending on the nature of such a change, the computational cost of recalculating the label positions 
can vary significantly. Pre-computations can be made to support certain predictable view changes – 
for example panning and zooming – at little extra cost, but unpredictable movements are more 
difficult to handle. 

1 Note that the term feature  is here in no way related to the term feature  used in machine learning. 



 
Several authors deal with maps where the user can pan or zoom [9], [10], [11]. Yamamoto et al. [12] 
introduce FALP; an algorithm that performs well both in terms of runtime and the number of labels 
placed. Interactive maps are stated as the area of use. However, the conflict graph, which at any given 
time denotes which label candidates prevent others from being displayed due to overlap, is 
precomputed for a certain number of zoom levels, meaning the runtime is probably reduced 
significantly. Kevin Mote [13] describes the conflict graph construction as a computationally 
relatively expensive operation. An algorithm is constructed that achieves results that run fast enough 
for an interactive map. In the conflict graph construction phase, the “trellis strategy” is used to reduce 
the runtime. Gemsa et al. [14] deal with maps that are dynamic in the sense that the view follows a 
certain trajectory, but the points in need of labeling are static relative to the map. In the work of 
Azuma et al. [15] which focuses on augmented reality view management, features are identified by 
labels which are placed using various heuristic algorithms. A model is used where the distance 
between label and feature is constant, and the angle can change each time the labels update. In this 
case, all labels are always displayed, thus allowing the possibility of labels overlapping. Labels are 
updated at a slower rate than the underlying view, and the movements are interpolated between 
updates to achieve temporal coherency. They also refer to a previous study [16] saying that temporal 
coherence – that is, continuous label movements with respect to time – is important for readability. 
This is also mentioned in the work by Stephen Daniel Peterson [17].  
 
Thierry Stein and Xavier Décoret [18] deal with dynamic label placement in a way more similar to 
this thesis. More specifically, they explore label placement for features in interactive 3D views, for 
example in video games. Leading lines and graphical scaling of labels are used. Labels are not 
allowed to overlap, and leading lines are not allowed to intersect with labels or with other leading 
lines. Apart from that, the labels can theoretically be placed anywhere, although some locations are 
considered better than others depending on how well the authors believe the association to the correct 
feature will be perceived. Certain parts of the scene itself are considered more important than other 
not to block by labels. Smooth label movements are made more likely by prioritizing positions close 
to the previous position of the considered label. When the algorithm still decides that a label should 
make a large sudden movement, the movement is delayed and spread out over the coming frames, 
thus making the movement look smooth. Labels are ordered by an estimation of how difficult they are 
to place, and then placed greedily one at a time. In their evaluation, they are able to place and 
visualize tens of labels in an interactive view. 
 

2.1.2 Moving features 
When labeling features like vehicles – which can change position over time – labels will also have to 
move in order to keep the intuitive association between the labels and their corresponding features. 
While many vehicles can move in predictable patterns, it is important to understand that they can also 
be unpredictable. An aeroplane can move linearly for a long period of time, but then make a sudden 
change of direction due to various circumstances. A monitoring application for aeroplanes therefore 
needs to be able to adjust to these types of situations, as they are impossible to make pre-computations 
for. The author has found no prior research that focuses on moving features. 
 
  



3 Methods 
This thesis deals with a simplified label placement problem for moving point features. In this 
simplified problem, time is discretized. All labels are rectangular and axis-parallel, and for each point 
in time, a label can only be displayed in four or eight distinct positions relative to its corresponding 
point feature, with the feature just touching the label in one of its four corners, or in the middle of one 
of its four edges. Only the corner positions are considered in the case of four allowed positions. A 
label can also be hidden. Rectangular labels and the use of only a few predetermined relative label 
positions are common choices in algorithms described by previous studies [1], [3], [12] and are 
chosen here for simplicity. 
 

 
Fig 3.1: With the point feature denoted by the small central light grey square, a label can be placed in the positions highlighted by the large 

non-filled squares. Allowed positions can be either only those on the left, or all eight positions. 
 
There are limitations as to how a label can change its position from one point in time to the next. In 
the case of four allowed positions, a label can move to an adjacent corner, but not to the opposite one. 
In the case of eight allowed positions, a label in a corner position can move to an adjacent corner or 
side position, but not to the opposite corner or its adjacent side positions, whereas a label in a side 
position can only move to an adjacent corner position. A label can of course also remain in its current 
position. Also, a label can enter a hidden state from any position, and it can appear in any position 
when leaving a hidden state. 
 

 
Fig 3.2: In the case of four allowed label positions, a label located in the upper left corner, as shown on the left, is allowed to move to an 
adjacent corner position (upper right or lower left), marked in green, but not to the opposite corner position, marked in red. In the case of 
eight allowed positions, it can also move to an adjacent side position, that is to any of the positions not marked at least partly by red. As 

shown on the right, a label in a side position can move only to an adjacent corner, but not to any other area marked at least partly by red. A 
label can of course also remain in its current position. 

 
When displaying the results in an interactive application, the features will be shown at the positions 
assigned to them for any given discrete point in time, along with the label at the assigned relative 
position, if any. Between these points in time, the positions of the features and labels will be 
computed using linear interpolation. This will ensure that labels move smoothly, which is important 
for readability [16], [17]. The label movement restrictions ensure that the point feature touches the 
border of the label during the whole transition. Labels are not allowed to overlap, not even partly, 
neither for any particular discrete point in time nor between two adjacent such points. 
 
This specific problem is in many ways fundamentally different from that described in the work of 
Stein & Décoret [18]. This work focuses on views where the user perspective does not change, but the 
features are moving. It has nothing to do with 3D views specifically, which simplifies the constraints. 
It also limits the number of relative label positions, does not use leading lines, and applies collision 
detection only between labels. 



3.1 A problem instance 
An unsolved  problem instance, or test case, consists of a set of point features and their locations for 
each discrete point in time included in a defined time frame. The movement patterns of the point 
features do not necessarily have to be linear. Each feature has a label size, which for the purpose of 
this thesis is always 50 by 50 length units. A solved  problem instance additionally contains the 
relative positions of all labels – or information denoting that a label is hidden – for all features for all 
points in time within the defined time frame. A solving algorithm must thus assign label positions to 
all features for every point in time. An algorithm used for real-time applications must be reactive , 
meaning it must be able to place the labels for a certain point in time as soon as it is known where the 
features are located for that point in time, and without knowing where they will be located later on. 
 

3.2 Collision detection 
To determine whether two labels should be allowed to move in certain specific ways during a 
transition between two points in time, we must determine whether that would cause their paths to 
cross. Collision detection is trivial for rectangles, but since we must consider the whole transition, we 
have to use more advanced methods. 
 
If we consider the entire area that a rectangle covers during a transition between two adjacent points 
in time, we end up with a shape that is hexagonal, or rectangular in case the label remains stationary 
or moves only in one dimension relative to the view. The shape of these hexagons still follow very 
specific rules, which makes the collision detection simple. A hexagon will have either top-left and 
bottom-right corners, or top-right and bottom-left corners. These corners have 90 degree angles with a 
horizontal and a vertical line equal to the width and height of the label, respectively. Two parallel 
diagonals then connect the other endpoints of these lines. 

 
Fig 3.3: The path of a label makes up a hexagon. 

 
If we take the difference of the velocity vectors of the two considered moving rectangles, we end up 
with the first label movement relative to the other one. Determining whether the paths cross is now 
just a matter of determining whether the hexagon corresponding to the relative movement of the first 
label intersects with the rectangle representing the second label, which is trivially stationary relative to 
itself. 
 



 
Fig 3.4: Heatmap of two labels of which the paths cross. The black color indicates where a label starts during a time step transition, and 
yellow indicates where it finishes. Colors are interpolated in between to indicate the period of time when the label was present there. The 
dark blue represents the area where both labels are simultaneously present at some point, while light blue represents an area where both 
labels are present at some point, but not simultaneously. The presence of a dark blue area thus indicates that labels will overlap. To the left, 
both labels move according to their velocity vector, and on the right, one label moves according to the velocity vector representing its 
movement relative to the other label.  
 
Determining intersections between a rectangle and one of these special case hexagons can be done 
using just a few comparisons. First, the rectangle is tested for intersection with the circumscribed 
rectangle of the hexagon, that is, its bounding box. Two rectangles intersect if and only if neither 
rectangle is completely either to the left of, above, below or to the right of the other rectangle. No 
bounding box intersection means no actual intersection, while a bounding box intersection means 
further testing is needed. 
 
The rectangle is then tested for intersection between the two rectangles that describe the starting and 
ending position of the label represented by the hexagon. As these rectangles are completely inscribed 
in the hexagon, rectangular intersection implies actual intersection, while a result of no rectangular 
intersection requires more testing. 

 
Fig 3.5: Label 1 being compared to label 2 for collision detection. 

 
If intersection is still not determined, the diagonal lines of the hexagon are compared to the corners of 
the rectangle. For a hexagon whose diagonals stretch between down-left and up-right, actual 
intersection holds if and only if both the top-left corner of the rectangle is above the lower diagonal 
and the bottom-right corner of the rectangle is below the upper diagonal. For a hexagon whose 



diagonals stretch between down-right and up-left, actual intersection holds if and only if both the 
top-right corner of the rectangle is above the lower diagonal and the bottom-left corner of the 
rectangle is below the upper diagonal. 
 
The collision detection is only applied to the labels and not the point features themselves as they are 
considered to be of negligible size. 
 
In previous studies regarding stationary features, for example the work of Yamamoto et al. [12], the 
collision detection can be done in a pre-processing phase, as the positions of the features relative to 
each other are constant or alter between a few known states. In our case, the collision detection has to 
be applied again for each time step. 
 

3.3 The optimal algorithm 
In order to be able to judge the results achieved by a reactive algorithm, an "optimal" algorithm was 
developed. This algorithm is not designed for practical use, due to the computation time. It takes an 
unsolved problem instance as input, together with a parameter denoting the number of allowed 
positions for a label relative to its feature (four or eight). Solutions were only produced for problem 
instances with up to four features, but even three features give rise to significant computation time 
issues. The fact that these solutions can be computed in a non-real-time context means that all the 
feature trajectories can be considered at once. It is different from a reactive algorithm, where label 
updates must be computed one at a time.  
 
The word optimal is put inside quotation marks because there is often no unambiguous way of saying 
what constitutes an optimal solution unless all labels can be shown at all times, which is often not the 
case. It is optimal, though, in the sense that given a specified cost function for various actions, such as 
hiding a label or moving it from one position to another, it will produce a solution that is guaranteed 
to minimize that cost. In our case, the costs of the different actions are chosen as indicated in the table 
below. 
 

 
Action 

Hiding a 
recently 

displayed label 

Keeping a 
label 

hidden 

Displaying 
a recently 

hidden label 

Moving 
a label 

Moving a label to 
a non-adjacent 

position 

Allowing 
two labels 
to overlap 

Cost 1,000,000 1,000,000 1,000,000 1 ∞ ∞ 

 
This set of costs will ensure that, as desired, a visibility status change will always be worse than any 
number of label movements that can potentially be reached within the scope of the evaluation, and an 
illegal label movement or an overlap is always worse than any number of legal label movements or 
visibility status changes. The numbers are arbitrary as far as other purposes are concerned. 
 
The optimal algorithm can be seen as a graph search algorithm. The nodes are ordered into different 
groups, where each group represents a specific point in time. The first group represents the first point 
in time and the last group represents the last point in time. Within such a group, each node represents 
a unique combination of how the labels are placed in relation to their corresponding features. For 
example, if there are three objects and four ways to place a label relative to its object, there are 5³=125 
different possible combinations as the labels can be in any of the four relative positions or hidden, 
independently of each other. Each group of nodes will thus contain 125 nodes. Each node has directed 
edges pointing to all nodes in the group representing the adjacent future point in time, if it exists. The 
weight of each edge is calculated by summing the costs of all actions that take place in the transition 



between those two states. Collision detection must be done for each different time transition, while the 
rest of the cost is independent of the feature positions and thus the same for each time transition. The 
shortest path from any  node in the first group to any  node in the last group is then determined using 
dynamic programming and is considered to represent the solution. 
 
The algorithm scales exponentially time-wise with respect to the number of labels, but linearly with 
respect to the number of time steps, which allows for trajectory lengths equal to those used when 
solving the same problem instances reactively. The drawback is that because earlier visibility history 
of the labels is not taken into account, meaning that the optimal algorithm could potentially perform 
subjectively worse than a reactive method in some aspects. 
 

3.4 The reactive algorithm 
Considering the NP-hardness of placing labels even for one point in time, a heuristic label placement 
algorithm was developed. It takes as input an unsolved problem instance, as well as a set of 
parameters denoting whether trajectory prediction should be applied and the number of allowed 
positions for a label relative to its feature. Because the algorithm must work in a real-time situation, it 
is reactive and will place labels for one point in time at a time without taking future feature positions 
into account. 
 
This algorithm is inspired by the algorithm described in the previously mentioned work by Kevin 
Mote [13]. To compute a label placement for a single time step, we iterate through all point features in 
the order of priority, which at the start is determined purely by their unique identification numbers. 
For each feature, we generate all of its new potential label positions and compare them against all new 
potential label positions of all features of lower priority to see where collisions would arise. Between 
two time steps, a label can, if visible, only move to an adjacent corner position, or, in the case of eight 
allowed positions, to an adjacent side position. If a label was hidden in the most recent time step, it 
can appear in any position, and for the purpose of collision detection, it will be treated as if it were 
located in the same position relative to its feature as in the new potential position currently 
considered. The label candidates are then assigned a penalty score depending on how many other label 
candidates they intersect with and their priority. 
 
A collision with another label candidate increases the penalty score with one divided by the number of 
label candidates left for the other feature, assuming that this other feature had its label hidden in the 
previous time step. If the label was displayed, the penalty score increase will be ten times as high. If 
trajectory prediction is used, this will further contribute to the penalty score. All these increments are 
summed up to a total penalty score for each label candidate of the currently considered feature. 

P k = ∑
 

i∈F
∑
 

j∈Li

vi
|L |i

 

Formula 3.1: The penalty Pk for a label candidate k. F is the set of all features, i, with lower priority than the feature corresponding to k. Li is 
the set of label candidates of i not yet excluded. vi is 10 if i had its label displayed in the previous time step and 1 otherwise. 

 
For a particular feature, the label candidate with the lowest score is selected and established as the 
label to be displayed. All label candidates overlapping with this label are as of this excluded from 
selection in this time step. If there are no remaining label candidates for a particular feature, its label 
will not be displayed at all. After this, we move on the the next feature. 
 
The visibility history of the labels is taken into consideration. The visibility history comes in the form 
of a natural number for each feature denoting how many time steps in a row its corresponding label 
has been visible up to the most recent time step. A feature whose label was hidden in the previous 



time step will thus have a visibility history value of zero. When sorting the features ahead of each 
label update, these values will affect the priority order of the features so that the higher the visibility 
history value is, the higher the priority will be. This means that a feature which has had its label 
visible for a long contiguous period of time is more likely than others to have its label visible in the 
following time step as well. Over time, this will ensure that the priority of a feature is unlikely to 
fluctuate and thus cause more flickering effects. 
 
The features are sequentially numbered, and if two labels cannot be separated by priority in any other 
way, their identification number will be the final decisive divider. This will ensure that when choosing 
between two labels of equal priority at several adjacent points in time, the outcome will be 
deterministic, preventing randomly generated flickering effects. 
 
When we have iterated over all features and for each one established a label candidate or chosen to 
hide the label, we are done with that time step. The process can then be repeated for the rest of the 
known set of feature positions over time. 
 

3.4.1 Trajectory prediction 
In many situations where label placement for moving features is desired, the features involved move 
in patterns resembling straight or almost straight lines. For this reason, it would be reasonable to 
expect that the label placement could be improved by trying to predict the feature trajectories. This 
algorithm features an option to predict the trajectory of each feature one time step into the future. The 
predicted future position of the feature is calculated by assuming that the vector describing the 
predicted movement will be equal to that of the most recent movement, that is, between the two most 
recent time steps. 
 
The prediction is limited to one time step for several reasons, the most important one being that a 
more extensive prediction would consume significantly more time. The predictions would also likely 
be less accurate because of the nature of the movement patterns of, for example, various vehicles. If a 
vehicle turns to change direction, it will typically do so at such a pace that a linear prediction of one 
time step will not be very far from the reality, whereas a multiple time step prediction will disregard 
the change of direction happening during that time. A one time step trajectory prediction will also 
make sure that a label can reach any position relative to its feature in the latest time step being 
predicted, from the most recently established position, except the opposite side if the most recently 
established position is in a side position in the model with eight possible label positions. This ensures 
that if a feature has to have its label moved to the opposite corner in order to avoid a certain potential 
collision, this opportunity will be detected and considered. 
 
For each label candidate that the currently considered label candidate does not  collide with in the next 
time step, the prediction mechanism can be applied. If so, all the potential label candidates for these 
two features one time step further into the future are compared to each other. A collision here will 
increase the penalty score of the considered feature by the same amount as a collision in the current 
time step divided by the number of movement option combinations for these two labels in the next 
time step. For example, a label in a corner position has five potential visible positions in the next time 
step, while a label in a side position has three, which means that 3*5=15 collision tests have to be 
made. A collision in the current time step is thus fifteen times as severe as a potential collision 
achievable in only one way in the next time step, and exactly as severe as a guaranteed  collision in the 
next time step, for two such features. 



4 Evaluation 
The reactive algorithm and the optimal algorithms were implemented using C++ and Visual Studio 
2013 and run with several different randomly generated test cases as input. The application was 
executed on a desktop PC featuring an Intel Core i5-4670K 3.40 GHz CPU and 8 GB RAM, running 
Windows 10 Home 64-bit. 
 
A total of 110 test cases were constructed, ten of each containing exactly 1, 2, 3, 4, 10, 25, 50, 10, 
250, 500, and 1000 features respectively. The test cases were constructed according to certain rules. 
Each feature was independently assigned a velocity with a magnitude between 50 and 100 speed units, 
inclusive, and a direction angle, all chosen at random. Every velocity vector was constant, meaning all 
feature would travel in straight lines for the purpose of this evaluation. Each feature was then assigned 
a trajectory halfway position in R² within a well-defined square area with its center at (500, 500). The 
starting position of each feature was then given by subtracting its velocity vector times half the 
trajectory length from its assigned halfway position. Depending on the number of features in a test 
case, the size of this area and the trajectory length were given by the table below. 
 

Number of features 1 2 3 4 10 25 50 10 250 500 1000 

Halfway area size 
(length units x length 

units) 

300 
x 

300  

100 
x 

100 

200 
x 

200 

300 
x 

300 

400 
x 

400 

500 
x 

500 

600 
x 

600 

700 
x 

700 

800 
x 

800 

900 
x 

900 

1000 
x 

1000 

Trajectory length 
(number of time steps) 6 6 6 6 8 10 12 14 16 18 20 

 
For example, one certain test case may contain 25 features, which start in positions so that in exactly 
five time units, they will all be located inside a square area with a size of 500 by 500 length units and 
its center at (500, 500). All labels in all test cases have sizes of 50 by 50 length units. 
 

 
Fig 4.1: All features gathered in a central square area, marked in red, halfway through their trajectories. The labels may not be inside the 
area, though, depending on what their relative positions are. 
 
The algorithm was applied to each test case twelve times, with different sets of parameters; with or 
without a one time step linear prediction, with either four or eight different possible label locations, 
and with label updates either once, twice or four times per time unit – all combinations. More label 
updates per time unit simply means that more discrete points in time are inserted into an unsolved test 
case to allow the labels to move more often. This means a label movement will be quicker in a 



real-time application. Test cases with four features or fewer were also solved with the optimal solver 
six times each, with either four or eight different possible label locations, and with label updates either 
once, twice or four times per time unit. The number of transitions made in total for each test case is 
calculated deterministically so that each features will be inside the limited square area as described 
above, exactly halfway through its trajectory, which means that when a test case is solved with a 
different label position update frequency, the number of time step transitions is different, but the total 
amount of time remains the same. 
 
The solutions were processed and analysed for several statistical measures. This includes the number 
of labels remaining visible or remaining hidden throughout a whole session, how often labels switch 
between being hidden and being visible, how often they transition from one position to another and 
how often labels are visible in total. To measure time, the .NET System::Diagnostics::Stopwatch API 
was used. After starting the stopwatch, all test cases with the same number of features were solved in 
succession with the same set of parameters, which was followed by stopping the stopwatch. The time 
was extracted by dividing the ElapsedTicks  field of the stopwatch with its Frequency  field, resulting 
in the elapsed time in seconds. This result was divided by the number of test cases and the number of 
transitions, in order to get the average time required for each transition. This process was repeated for 
all parameter combinations and for all sets of test cases containing the same number of features. 
  



5 Results 
All statistics can be seen in appendix A. In this section, the most important statistics will be presented. 
It is important to note that the y  scales of the diagrams measuring time are logarithmic. 
 

5.1 Number of features influence 
For fig 5.1-5.4, a standard set of parameters is used; the test cases are solved using the reactive 
algorithm with trajectory prediction enabled, an update frequency of one update per time unit, and 
four possible relative locations for labels. When comparing cases with different numbers of features, it 
is important to remember that they have different trajectory lengths and boundaries for halfway 
points. 
 

 
Fig 5.1 & 5.2: Statistics showing how often labels move relative to their features and how many labels that always are visible. 
 
The number of label movements naturally increases with respect to the number of features, but 
counted per feature and transition they generally only do so up until a certain point. It is important to 
remember that cases with a higher number of features have them spread out over a larger area. In 
crowded areas, labels are of course more prone to move. Also, in large feature sets, many labels will 
be hidden for large periods of time, during which they cannot move  in the same sense. As can be seen, 
the portion of labels that stay visible throughout the entire course decrease dramatically with the 
number of features. This is to be expected as labels are more likely to be forced to be hidden in 
crowded areas. 
 
When there is only one feature in the test case, the label always stays visible and never moves, which 
is desired behavior for a label that will never risk coming close to another label. For cases with two 
features, both labels stay visible, but they will eventually have to move in order to avoid overlapping. 
 
 



 
Fig 5.3 & 5.4: Statistics showing how often labels change visibility status, and how much time a transitions takes on average. 
 
The portion of label transitions that change the visibility status increases with respect to the number of 
features, up until 250 features. Similarly to what fig 1 reveals, many labels in large feature sets will 
stay hidden for large periods of time, simply because the view is so crowded. 
 
The time it takes to compute a full transition naturally increases with respect to the number of 
features. The time is independent of the number of transitions made, the size of the area that contains 
all the trajectory halfway positions and also the size of the view, and it is therefore easier to make 
direct comparisons. The time aspect is important to consider for a practical implementation as it 
affects the delay of the information viewed. 
 
  



5.2 Prediction influence 

 
Fig 5.5 & 5.6: Statistics showing how often labels move relative to their features and how many labels that always are visible, depending on 
whether trajectory prediction is enabled. 

 
Fig 5.7 & 5.8: Statistics showing how often labels change visibility status, and how much time a transitions takes on average, depending on 
whether trajectory prediction is enabled. 
 
In fig 5.5, it is shown that trajectory prediction causes more labels to move. While label movements 
themselves are undesirable, they are likely triggered as a means of preventing labels to be forced to 
become hidden in the following time step. If a collision is not predicted, then chances are that the 
label will not make the necessary move to avoid it. Prediction can thus be said to have a positive 
effect as fig 5.6 and 5.7 show that the portion of transitions between hidden and visible are reduced 
and the portion of labels that are always visible increase. The prediction has an especially positive 
impact when there are only a few features. The difference in number of label movements is overall 
greater, though, which might suggest that the prediction mechanism makes the algorithm opt for the 
‘safer’ option of moving a label more often than actually required, because the future chances of a 
collision were estimated to be lower with such a movement. The algorithm has a significantly higher 
penalty for visibility changes than for label movements, though. The time difference is significant as 
shown in fig 5.8. Prediction increases the time each transition takes by approximately a factor 8 as the 
number of features increases. 



 

5.3 Number of label positions influence 
 

 
Fig 5.9 & 5.10: Statistics showing how often labels move relative to their features and how many labels that always are visible, depending 
on the number of possible label positions. 

 
Fig 5.11 & 5.12: Statistics showing how often labels change visibility status, and how much time a transitions takes on average, depending 
on the number of possible label positions. 
 
The number of label positions does affect how often labels move. With eight possible positions, it is 
important to remember that labels can make identical movements compared to the case with four 
possible label positions, but also movements that are only half as long. The total number of moves 
increases with more label positions, but the number of ‘normal moves’ decreases and the ‘half moves’ 
are not as visually palpable as ‘normal’ moves. On average, the increased number of label positions 
has a negligible effect on the number of labels always visible, and a small but negative effect on the 
number of visibility status changing transitions. The consumed time per transition is approximately 
quadrupled, given that trajectory prediction is enabled. 
 
  



5.4 Update frequency influence 
 

 
Fig 5.13 & 5.14: Statistics showing how often labels move relative to their features and how many labels that always are visible, depending 
on the update frequency. 

 
Fig 5.15 & 5.16: Statistics showing how often labels change visibility status, and how much time a transitions takes on average, depending 
on the update frequency. 
 
The update frequency increases the number of transitions in which labels move, but the portion is 
decreased due to a larger number of transitions in total. It is also important to consider that with a 
higher update frequency, the labels will have to move faster, potentially making the movements more 
visually palpable. It is similar for the number of transitions between hidden and visible; the portion 
decreases with respect to update frequency, but the total number increases. The number of labels 
always visible are not affected much at all. The time it takes to compute a transition is, in essence, 
unaffected by the length of the feature movements and hence also the update frequency. 
 
 
 
  



5.5 Solving method influence 

 
Fig 5.17 & 5.18: Statistics showing how often labels move relative to their features and how many labels that always are visible, depending 
on solving method. 

 
Fig 5.19 & 5.20: Statistics showing how often labels change visibility status, and how much time a transitions takes on average, depending 
on solving method. 
 
The optimal algorithm results serve merely as benchmarks for other algorithms. The number of label 
movements decrease significantly with the optimal algorithm and so do the number of transitions 
between hidden and visible. The number of labels always visible is also greater with the optimal 
algorithm, though the small number of features used in the tests limits the usefulness of the 
comparison. As revealed in fig 5.20, the optimal algorithm consumes significantly more time then the 
reactive algorithm. 
 
 
 
 
 
 
 
  



6 Discussion and conclusions 
The developed reactive algorithm is able to place labels dynamically for a set of moving point 
features. It is difficult, though, to say how many labels it can place successfully in a practical context. 
For example, it is not merely sufficient to manage to show all labels at least once during a viewing 
session, as one cannot predict where the user will look or when information about a certain object is 
desired, without some additional input. A practical application cannot allow the labels to change 
visibility status or move too often, but different users may have different tolerance levels for this 
behavior. How well a command and control system works is ultimately up to its users to judge. An 
interesting piece of future work would be to conduct a user study using systems having implemented 
several different algorithms with different sets of parameters, and ask for their opinions as to which 
system works best. 
 
The charts show how different parameters can affect how well the algorithm performs. Using eight 
possible label positions seems to have very little impact on the performance, sometimes even 
negative, and can therefore be difficult to advocate for in this case. The update frequency does not 
give an immediately satisfying effect, either, but it is difficult to rule out the usefulness of any of these 
parameters without a user study. 
 
Some more helpful conclusions can be drawn from the trajectory prediction parameter, though. In 
cases with many features, the impact of trajectory prediction is quite low, but the added computational 
cost is significant, suggesting that the cost outweighs the benefits. In cases with very few features, the 
extra computational cost can be considered negligible, while the positive impact is tangible. Keeping 
an extra label or two visible can make a bigger difference if they make up a larger portion of all 
labels. 
 
The time aspect is also very important to consider. Time is needed for the algorithm to compute new 
label positions, but also to visually paint the view on the screen. As the number of features grows, we 
can see that time could become an issue. The graphical updates should also be able to keep up with 
the frame rate of the screen, and at the very least, an application must be able to compute new label 
positions in the duration of one time step, in order to keep up with the updates of the feature positions.  
 
Ideally, though, it should be able to do it much faster. The time it takes to compute new label positions 
also adds information delay, as the view can not display the labels until their positions are known. In 
addition to this, if the labels are updated once every second, there will be a delay of the information of 
at least one second, as the application needs access to the locations of the labels in the next time step 
to compute the interpolation. For some systems, this delay can be accepted, but it can otherwise be 
addressed in a different number of ways. One way is to update labels more frequently. This will still 
cause a delay of one time step, but that time step will now be shorter. More computational power will 
be required, though, and the graphical label movements will be quicker, which may affect the 
usability. Another way is to display new information in the labels as soon as it is available, without 
updating the graphical position of the labels in the view. If a label contains information about the 
position of a feature, it will not match the graphical position in the view exactly, but that may be an 
acceptable drawback. Yet another way is to use leading lines which connect labels to their features. 
The graphical positions of the features will then be updated in real-time, but the labels will always be 
one time step behind. This may make label placement more difficult as the labels risk overlapping 
their corresponding features. 
 
In this work, the algorithms try to display labels for all features, but for very large sets of features, the 
number of labels that can actually be displayed is heavily limited even in theory, and more so in 



practice. A significant amount of time could be saved by deciding only to attempt displaying labels 
for a subset of all features. 
 
In the collision detection, only the labels and not the point features themselves were considered. There 
are cases, though, where the objects represented by the point features may have non-negligible sizes 
and are desired to be clearly visible, for example aeroplanes. In these cases, it is possible to do 
collision tests including these objects as well. For example, we can decide that these objects are not 
allowed to overlap with labels. 
 
In this work, a feature priority order was maintained, which decided which features were most 
important to display a label for. In a practical application, it would be possible for the user to affect 
this priority order. For example, the user could click on a feature to place it at the top of the priority 
order. This would ensure that that feature would always have a visible label, allowing the user to 
focus on that label without fear of it disappearing. 
 
The principal, Carmenta, is a company that develops software tools used in command and control 
systems. The Carmenta Engine tool can place labels in static views in a way that avoids overlap, but 
when features move, the new label positions will be computed without taking previous locations into 
account, which can often result in sudden unpredictable movements. This work could potentially 
address this issue and thus improve the usability of Carmenta Engine. 
 
An ethical aspect to consider is that systems implementing a dynamic label placement algorithm could 
perhaps be used in war situations, for example to visualize and keep track of fighter aircrafts. The 
development of these types of algorithms themselves does probably have a very limited effect, 
though. From an ecological, economical and social sustainability perspective, it is hard to imagine any 
noticeable effects. This work could potentially make certain systems more efficient, and generally, 
things being done more efficiently tends to have a positive overall impact on society. Still, it is 
probably impossible to observe any such effects in practice and trace them back specifically to this 
type of work. 
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Appendix A – Result table
Number of features 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Solving method heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic optimal optimal optimal optimal optimal optimal

Number of transitions per test case 24 24 24 24 12 12 12 12 6 6 6 6 24 24 12 12 6 6

Trajectory prediction off on off on off on off on off on off on N/A N/A N/A N/A N/A N/A

Number of label updates per time unit 4 4 4 4 2 2 2 2 1 1 1 1 4 4 2 2 1 1

Number of possible label positions 4 4 8 8 4 4 8 8 4 4 8 8 4 8 4 8 4 8

On average per test case: - - - - - - - - - - - - - - - - - -

  In absolute numbers: - - - - - - - - - - - - - - - - - -

    Number of labels always visible 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

    Number of labels always hidden 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions of length 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions of length 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

    Label movements of any length 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions without movement 24 24 24 24 12 12 12 12 6 6 6 6 24 24 12 12 6 6

    Number of label transitions from hidden to visible 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions from visible to hidden 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions between visible and hidden 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions from visible to visible 24 24 24 24 12 12 12 12 6 6 6 6 24 24 12 12 6 6

    Number of opportunities resulting in a visible label 25 25 25 25 13 13 13 13 7 7 7 7 25 25 13 13 7 7

  In percent: - - - - - - - - - - - - - - - - - -

    Labels always visible 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000%

    Labels always hidden 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of length 2 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of length 1 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of any length 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label transitions without movement 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000%

    Label transitions from hidden to visible 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label transitions from visible to hidden 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label transitions between visible and hidden 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label transitions from visible to visible 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000%

    Opportunities resulting in a visible label 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000%

  Time - - - - - - - - - - - - - - - - - -

Time consumed to complete solution (s): 0.000237 0.00024 0.000428 0.000425 0.000131 0.00013 0.00023 0.00023 0.000081 0.00008 0.000134 0.000134 0.000174 0.000238 0.000111 0.000163 0.00009 0.000119

Average time consumed per time transition (s): 0.000001 0.000001 0.000002 0.000002 0.000001 0.000001 0.000002 0.000002 0.000001 0.000001 0.000002 0.000002 0.000001 0.000001 0.000001 0.000001 0.000001 0.000002

Average time consumed per time transition (ms): 0.000989 0.001 0.001785 0.001771 0.001092 0.001087 0.001917 0.001914 0.001353 0.001333 0.002239 0.002229 0.000724 0.000991 0.000926 0.001361 0.001494 0.001987

Number of features 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Solving method heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic optimal optimal optimal optimal optimal optimal

Number of transitions per test case 24 24 24 24 12 12 12 12 6 6 6 6 24 24 12 12 6 6

Trajectory prediction off on off on off on off on off on off on N/A N/A N/A N/A N/A N/A

Number of label updates per time unit 4 4 4 4 2 2 2 2 1 1 1 1 4 4 2 2 1 1

Number of possible label positions 4 4 8 8 4 4 8 8 4 4 8 8 4 8 4 8 4 8

On average per test case: - - - - - - - - - - - - - - - - - -

  In absolute numbers: - - - - - - - - - - - - - - - - - -

    Number of labels always visible 1.9 2 1.9 2 1.8 2 1.9 2 1.8 2 1.8 2 2 2 2 2 2 2

    Number of labels always hidden 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions of length 2 0.7 2.1 0.4 0.7 0.5 1.7 0.4 0.8 0.3 1.1 0.1 0.6 0 0 0 0 0 0

    Number of label transitions of length 1 0 0 0.4 1.8 0 0 0.3 1.3 0 0 0.3 1 0 0 0 0 0 0

    Label movements of any length 0.7 2.1 0.8 2.5 0.5 1.7 0.7 2.1 0.3 1.1 0.4 1.6 0 0 0 0 0 0

    Number of label transitions without movement 46.9 45.9 46.8 45.5 23 22.3 23 21.9 11.3 10.9 11.2 10.4 48 48 24 24 12 12

    Number of label transitions from hidden to visible 0.1 0 0.1 0 0.2 0 0.1 0 0.2 0 0.2 0 0 0 0 0 0 0

    Number of label transitions from visible to hidden 0.1 0 0.1 0 0.2 0 0.1 0 0.2 0 0.2 0 0 0 0 0 0 0

    Number of label transitions between visible and hidden 0.2 0 0.2 0 0.4 0 0.2 0 0.4 0 0.4 0 0 0 0 0 0 0

    Number of label transitions from visible to visible 47.6 48 47.6 48 23.5 24 23.7 24 11.6 12 11.6 12 48 48 24 24 12 12

    Number of opportunities resulting in a visible label 49.7 50 49.7 50 25.7 26 25.8 26 13.8 14 13.8 14 50 50 26 26 14 14

  In percent: - - - - - - - - - - - - - - - - - -

    Labels always visible 95.000000% 100.000000% 95.000000% 100.000000% 90.000000% 100.000000% 95.000000% 100.000000% 90.000000% 100.000000% 90.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000%

    Labels always hidden 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of length 2 1.458333% 4.375000% 0.833333% 1.458333% 2.083333% 7.083333% 1.666667% 3.333333% 2.500000% 9.166667% 0.833333% 5.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of length 1 0.000000% 0.000000% 0.833333% 3.750000% 0.000000% 0.000000% 1.250000% 5.416667% 0.000000% 0.000000% 2.500000% 8.333333% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of any length 1.458333% 4.375000% 1.666667% 5.208333% 2.083333% 7.083333% 2.916667% 8.750000% 2.500000% 9.166667% 3.333333% 13.333333% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label transitions without movement 97.708333% 95.625000% 97.500000% 94.791667% 95.833333% 92.916667% 95.833333% 91.250000% 94.166667% 90.833333% 93.333333% 86.666667% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000%

    Label transitions from hidden to visible 0.208333% 0.000000% 0.208333% 0.000000% 0.833333% 0.000000% 0.416667% 0.000000% 1.666667% 0.000000% 1.666667% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label transitions from visible to hidden 0.208333% 0.000000% 0.208333% 0.000000% 0.833333% 0.000000% 0.416667% 0.000000% 1.666667% 0.000000% 1.666667% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label transitions between visible and hidden 0.416667% 0.000000% 0.416667% 0.000000% 1.666667% 0.000000% 0.833333% 0.000000% 3.333333% 0.000000% 3.333333% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label transitions from visible to visible 99.166667% 100.000000% 99.166667% 100.000000% 97.916667% 100.000000% 98.750000% 100.000000% 96.666667% 100.000000% 96.666667% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000%

    Opportunities resulting in a visible label 99.400000% 100.000000% 99.400000% 100.000000% 98.846154% 100.000000% 99.230769% 100.000000% 98.571429% 100.000000% 98.571429% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000%

  Time - - - - - - - - - - - - - - - - - -

Time consumed to complete solution (s): 0.000566 0.00139 0.000767 0.005129 0.000401 0.000833 0.000452 0.002568 0.000285 0.000513 0.000321 0.001426 0.00369 0.039811 0.002195 0.021514 0.001366 0.012817

Average time consumed per time transition (s): 0.000002 0.000006 0.000003 0.000021 0.000003 0.000007 0.000004 0.000021 0.000005 0.000009 0.000005 0.000024 0.000015 0.000166 0.000018 0.000179 0.000023 0.000214

Average time consumed per time transition (ms): 0.00236 0.005792 0.003196 0.02137 0.003341 0.006943 0.003768 0.021398 0.004749 0.008553 0.005358 0.023768 0.015377 0.16588 0.018289 0.179283 0.022766 0.213621

Number of features 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Solving method heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic optimal optimal optimal optimal optimal optimal

Number of transitions per test case 24 24 24 24 12 12 12 12 6 6 6 6 24 24 12 12 6 6

Trajectory prediction off on off on off on off on off on off on N/A N/A N/A N/A N/A N/A

Number of label updates per time unit 4 4 4 4 2 2 2 2 1 1 1 1 4 4 2 2 1 1

Number of possible label positions 4 4 8 8 4 4 8 8 4 4 8 8 4 8 4 8 4 8

On average per test case: - - - - - - - - - - - - - - - - - -

  In absolute numbers: - - - - - - - - - - - - - - - - - -

    Number of labels always visible 2.7 3 2.7 3 2.9 3 2.9 3 2.8 2.9 2.8 3 3 3 3 3 3 3

    Number of labels always hidden 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions of length 2 1.7 5.4 0.3 2.1 1.9 4.1 0.6 1.9 1.3 3 0.6 2.3 0.2 0.1 0.2 0.1 0.2 0.1

    Number of label transitions of length 1 0 0 2.2 4.3 0 0 1.4 3.7 0 0 0.8 1.5 0 0.1 0 0.1 0 0.1

    Label movements of any length 1.7 5.4 2.5 6.4 1.9 4.1 2 5.6 1.3 3 1.4 3.8 0.2 0.2 0.2 0.2 0.2 0.2

    Number of label transitions without movement 68.1 66.6 67.3 65.6 33.4 31.9 33.3 30.4 15.9 14.8 16 14.2 71.8 71.8 35.8 35.8 17.8 17.8

    Number of label transitions from hidden to visible 0.3 0 0.3 0 0.1 0 0.1 0 0.3 0.1 0.2 0 0 0 0 0 0 0

    Number of label transitions from visible to hidden 0.3 0 0.3 0 0.1 0 0.1 0 0.3 0.1 0.2 0 0 0 0 0 0 0

    Number of label transitions between visible and hidden 0.6 0 0.6 0 0.2 0 0.2 0 0.6 0.2 0.4 0 0 0 0 0 0 0

    Number of label transitions from visible to visible 69.8 72 69.8 72 35.3 36 35.3 36 17.2 17.8 17.4 18 72 72 36 36 18 18

    Number of opportunities resulting in a visible label 73.1 75 73.1 75 38.4 39 38.4 39 20.5 20.9 20.6 21 75 75 39 39 21 21

  In percent: - - - - - - - - - - - - - - - - - -

    Labels always visible 90.000000% 100.000000% 90.000000% 100.000000% 96.666667% 100.000000% 96.666667% 100.000000% 93.333333% 96.666667% 93.333333% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000%

    Labels always hidden 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of length 2 2.361111% 7.500000% 0.416667% 2.916667% 5.277778% 11.388889% 1.666667% 5.277778% 7.222222% 16.666667% 3.333333% 12.777778% 0.277778% 0.138889% 0.555556% 0.277778% 1.111111% 0.555556%

    Label movements of length 1 0.000000% 0.000000% 3.055556% 5.972222% 0.000000% 0.000000% 3.888889% 10.277778% 0.000000% 0.000000% 4.444444% 8.333333% 0.000000% 0.138889% 0.000000% 0.277778% 0.000000% 0.555556%

    Label movements of any length 2.361111% 7.500000% 3.472222% 8.888889% 5.277778% 11.388889% 5.555556% 15.555556% 7.222222% 16.666667% 7.777778% 21.111111% 0.277778% 0.277778% 0.555556% 0.555556% 1.111111% 1.111111%

    Label transitions without movement 94.583333% 92.500000% 93.472222% 91.111111% 92.777778% 88.611111% 92.500000% 84.444444% 88.333333% 82.222222% 88.888889% 78.888889% 99.722222% 99.722222% 99.444444% 99.444444% 98.888889% 98.888889%

    Label transitions from hidden to visible 0.416667% 0.000000% 0.416667% 0.000000% 0.277778% 0.000000% 0.277778% 0.000000% 1.666667% 0.555556% 1.111111% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label transitions from visible to hidden 0.416667% 0.000000% 0.416667% 0.000000% 0.277778% 0.000000% 0.277778% 0.000000% 1.666667% 0.555556% 1.111111% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label transitions between visible and hidden 0.833333% 0.000000% 0.833333% 0.000000% 0.555556% 0.000000% 0.555556% 0.000000% 3.333333% 1.111111% 2.222222% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label transitions from visible to visible 96.944444% 100.000000% 96.944444% 100.000000% 98.055556% 100.000000% 98.055556% 100.000000% 95.555556% 98.888889% 96.666667% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000%

    Opportunities resulting in a visible label 97.466667% 100.000000% 97.466667% 100.000000% 98.461538% 100.000000% 98.461538% 100.000000% 97.619048% 99.523810% 98.095238% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000% 100.000000%

  Time - - - - - - - - - - - - - - - - - -

Time consumed to complete solution (s): 0.000722 0.003079 0.001369 0.011646 0.000458 0.001673 0.000815 0.005651 0.000343 0.000889 0.000499 0.003353 0.036904 2.294071 0.026239 1.317525 0.020982 0.844549

Average time consumed per time transition (s): 0.000003 0.000013 0.000006 0.000049 0.000004 0.000014 0.000007 0.000047 0.000006 0.000015 0.000008 0.000056 0.000154 0.009559 0.000219 0.010979 0.00035 0.014076

Average time consumed per time transition (ms): 0.003007 0.012831 0.005703 0.048526 0.003816 0.013944 0.006795 0.047092 0.005715 0.014817 0.008317 0.055877 0.153766 9.55863 0.218662 10.979378 0.349701 14.07582

Number of features 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Solving method heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic optimal optimal optimal optimal optimal optimal

Number of transitions per test case 24 24 24 24 12 12 12 12 6 6 6 6 24 24 12 12 6 6

Trajectory prediction off on off on off on off on off on off on N/A N/A N/A N/A N/A N/A

Number of label updates per time unit 4 4 4 4 2 2 2 2 1 1 1 1 4 4 2 2 1 1

Number of possible label positions 4 4 8 8 4 4 8 8 4 4 8 8 4 8 4 8 4 8

On average per test case: - - - - - - - - - - - - - - - - - -

  In absolute numbers: - - - - - - - - - - - - - - - - - -

    Number of labels always visible 3 3.6 3.2 3.7 3 3.5 3.2 3.6 3.2 3.4 3.2 3.4 3.8 3.8 3.8 3.8 3.8 3.7

    Number of labels always hidden 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions of length 2 2.8 8.8 1 2.8 2.4 5.9 1.3 2.2 1.6 3.8 0.8 3.1 0.3 0 0.4 0 0.3 0

    Number of label transitions of length 1 0 0 2.1 8.8 0 0 1.6 5.1 0 0 0.7 2.2 0 0.5 0 0.5 0 0

    Label movements of any length 2.8 8.8 3.1 11.6 2.4 5.9 2.9 7.3 1.6 3.8 1.5 5.3 0.3 0.5 0.4 0.5 0.3 0

    Number of label transitions without movement 89 85.2 89.9 83.3 42.4 40.7 42.9 39.5 20.5 18.3 20.5 17.3 95.2 95.1 47.1 47.1 23.2 23.4

    Number of label transitions from hidden to visible 1.1 0.4 0.8 0.3 1 0.5 0.8 0.4 0.8 0.5 0.8 0.6 0.2 0.2 0.2 0.2 0.2 0.3

    Number of label transitions from visible to hidden 1.1 0.4 0.8 0.3 1 0.5 0.8 0.4 0.8 0.6 0.8 0.6 0.2 0.2 0.2 0.2 0.2 0.3

    Number of label transitions between visible and hidden 2.2 0.8 1.6 0.6 2 1 1.6 0.8 1.6 1.1 1.6 1.2 0.4 0.4 0.4 0.4 0.4 0.6

    Number of label transitions from visible to visible 91.8 94 93 94.9 44.8 46.6 45.8 46.8 22.1 22.1 22 22.6 95.5 95.6 47.5 47.6 23.5 23.4

    Number of opportunities resulting in a visible label 96.9 98.4 97.8 99.2 49.8 51.1 50.6 51.2 26.9 26.6 26.8 27.2 99.7 99.8 51.7 51.8 27.7 27.7

  In percent: - - - - - - - - - - - - - - - - - -

    Labels always visible 75.000000% 90.000000% 80.000000% 92.500000% 75.000000% 87.500000% 80.000000% 90.000000% 80.000000% 85.000000% 80.000000% 85.000000% 95.000000% 95.000000% 95.000000% 95.000000% 95.000000% 92.500000%

    Labels always hidden 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of length 2 2.916667% 9.166667% 1.041667% 2.916667% 5.000000% 12.291667% 2.708333% 4.583333% 6.666667% 15.833333% 3.333333% 12.916667% 0.312500% 0.000000% 0.833333% 0.000000% 1.250000% 0.000000%

    Label movements of length 1 0.000000% 0.000000% 2.187500% 9.166667% 0.000000% 0.000000% 3.333333% 10.625000% 0.000000% 0.000000% 2.916667% 9.166667% 0.000000% 0.520833% 0.000000% 1.041667% 0.000000% 0.000000%

    Label movements of any length 2.916667% 9.166667% 3.229167% 12.083333% 5.000000% 12.291667% 6.041667% 15.208333% 6.666667% 15.833333% 6.250000% 22.083333% 0.312500% 0.520833% 0.833333% 1.041667% 1.250000% 0.000000%

    Label transitions without movement 92.708333% 88.750000% 93.645833% 86.770833% 88.333333% 84.791667% 89.375000% 82.291667% 85.416667% 76.250000% 85.416667% 72.083333% 99.166667% 99.062500% 98.125000% 98.125000% 96.666667% 97.500000%

    Label transitions from hidden to visible 1.145833% 0.416667% 0.833333% 0.312500% 2.083333% 1.041667% 1.666667% 0.833333% 3.333333% 2.083333% 3.333333% 2.500000% 0.208333% 0.208333% 0.416667% 0.416667% 0.833333% 1.250000%

    Label transitions from visible to hidden 1.145833% 0.416667% 0.833333% 0.312500% 2.083333% 1.041667% 1.666667% 0.833333% 3.333333% 2.500000% 3.333333% 2.500000% 0.208333% 0.208333% 0.416667% 0.416667% 0.833333% 1.250000%

    Label transitions between visible and hidden 2.291667% 0.833333% 1.666667% 0.625000% 4.166667% 2.083333% 3.333333% 1.666667% 6.666667% 4.583333% 6.666667% 5.000000% 0.416667% 0.416667% 0.833333% 0.833333% 1.666667% 2.500000%

    Label transitions from visible to visible 95.625000% 97.916667% 96.875000% 98.854167% 93.333333% 97.083333% 95.416667% 97.500000% 92.083333% 92.083333% 91.666667% 94.166667% 99.479167% 99.583333% 98.958333% 99.166667% 97.916667% 97.500000%

    Opportunities resulting in a visible label 96.900000% 98.400000% 97.800000% 99.200000% 95.769231% 98.269231% 97.307692% 98.461538% 96.071429% 95.000000% 95.714286% 97.142857% 99.700000% 99.800000% 99.423077% 99.615385% 98.928571% 98.928571%

  Time - - - - - - - - - - - - - - - - - -

Time consumed to complete solution (s): 0.001268 0.005921 0.002237 0.019351 0.000796 0.003149 0.001305 0.011179 0.000527 0.001616 0.000828 0.006267 1.806392 338.67484 1.145304 188.712658 0.805771 113.62201

Average time consumed per time transition (s): 0.000005 0.000025 0.000009 0.000081 0.000007 0.000026 0.000011 0.000093 0.000009 0.000027 0.000014 0.000104 0.007527 1.411145 0.009544 1.572605 0.01343 1.8937

Average time consumed per time transition (ms): 0.005282 0.024671 0.009319 0.08063 0.006631 0.026243 0.010878 0.093158 0.008785 0.026927 0.013796 0.104453 7.526635 1411.145167 9.544202 1572.605487 13.429513 1893.700161

Number of features 10 10 10 10 10 10 10 10 10 10 10 10

Solving method heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic

Number of transitions per test case 32 32 32 32 16 16 16 16 8 8 8 8

Trajectory prediction off on off on off on off on off on off on

Number of label updates per time unit 4 4 4 4 2 2 2 2 1 1 1 1

Number of possible label positions 4 4 8 8 4 4 8 8 4 4 8 8

On average per test case: - - - - - - - - - - - -

  In absolute numbers: - - - - - - - - - - - -

    Number of labels always visible 7.1 8.5 6.8 8.3 6.3 8.2 6 8.3 6.2 8 5.9 8

    Number of labels always hidden 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions of length 2 20.8 47.3 7.1 16.2 15.5 36.4 6.9 14.3 10.6 24.9 6 14

    Number of label transitions of length 1 0 0 17.9 54.7 0 0 11.1 33 0 0 5.6 17.3

    Label movements of any length 20.8 47.3 25 70.9 15.5 36.4 18 47.3 10.6 24.9 11.6 31.3

    Number of label transitions without movement 287.1 266.2 281.7 242.3 132.4 117.1 128.9 106.2 58.6 48.7 57.2 43.4

    Number of label transitions from hidden to visible 4.2 1.8 4.6 1.9 4.1 2.2 4.8 2.1 4 2.2 4 2

    Number of label transitions from visible to hidden 4.2 1.8 4.6 1.9 4.2 2.2 4.9 2.1 4.3 2.2 4.5 2

    Number of label transitions between visible and hidden 8.4 3.6 9.2 3.8 8.3 4.4 9.7 4.2 8.3 4.4 8.5 4

    Number of label transitions from visible to visible 307.9 313.5 306.7 313.2 147.9 153.5 146.9 153.5 69.2 73.6 68.8 74.7

    Number of opportunities resulting in a visible label 322.1 325.3 321.3 325.1 162 165.7 161.7 165.6 83.2 85.8 82.8 86.7



  In percent: - - - - - - - - - - - -

    Labels always visible 71.000000% 85.000000% 68.000000% 83.000000% 63.000000% 82.000000% 60.000000% 83.000000% 62.000000% 80.000000% 59.000000% 80.000000%

    Labels always hidden 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of length 2 6.500000% 14.781250% 2.218750% 5.062500% 9.687500% 22.750000% 4.312500% 8.937500% 13.250000% 31.125000% 7.500000% 17.500000%

    Label movements of length 1 0.000000% 0.000000% 5.593750% 17.093750% 0.000000% 0.000000% 6.937500% 20.625000% 0.000000% 0.000000% 7.000000% 21.625000%

    Label movements of any length 6.500000% 14.781250% 7.812500% 22.156250% 9.687500% 22.750000% 11.250000% 29.562500% 13.250000% 31.125000% 14.500000% 39.125000%

    Label transitions without movement 89.718750% 83.187500% 88.031250% 75.718750% 82.750000% 73.187500% 80.562500% 66.375000% 73.250000% 60.875000% 71.500000% 54.250000%

    Label transitions from hidden to visible 1.312500% 0.562500% 1.437500% 0.593750% 2.562500% 1.375000% 3.000000% 1.312500% 5.000000% 2.750000% 5.000000% 2.500000%

    Label transitions from visible to hidden 1.312500% 0.562500% 1.437500% 0.593750% 2.625000% 1.375000% 3.062500% 1.312500% 5.375000% 2.750000% 5.625000% 2.500000%

    Label transitions between visible and hidden 2.625000% 1.125000% 2.875000% 1.187500% 5.187500% 2.750000% 6.062500% 2.625000% 10.375000% 5.500000% 10.625000% 5.000000%

    Label transitions from visible to visible 96.218750% 97.968750% 95.843750% 97.875000% 92.437500% 95.937500% 91.812500% 95.937500% 86.500000% 92.000000% 86.000000% 93.375000%

    Opportunities resulting in a visible label 97.606061% 98.575758% 97.363636% 98.515152% 95.294118% 97.470588% 95.117647% 97.411765% 92.444444% 95.333333% 92.000000% 96.333333%

  Time - - - - - - - - - - - -

Time consumed to complete solution (s): 0.005992 0.050229 0.013042 0.169707 0.003352 0.025015 0.007338 0.085056 0.001886 0.012022 0.003991 0.051493

Average time consumed per time transition (s): 0.000019 0.000157 0.000041 0.00053 0.000021 0.000156 0.000046 0.000532 0.000024 0.00015 0.00005 0.000644

Average time consumed per time transition (ms): 0.018727 0.156967 0.040758 0.530336 0.020952 0.156346 0.04586 0.531598 0.023569 0.150269 0.049885 0.643667

Number of features 25 25 25 25 25 25 25 25 25 25 25 25

Solving method heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic

Number of transitions per test case 40 40 40 40 20 20 20 20 10 10 10 10

Trajectory prediction off on off on off on off on off on off on

Number of label updates per time unit 4 4 4 4 2 2 2 2 1 1 1 1

Number of possible label positions 4 4 8 8 4 4 8 8 4 4 8 8

On average per test case: - - - - - - - - - - - -

  In absolute numbers: - - - - - - - - - - - -

    Number of labels always visible 11.1 13.9 11.7 14.5 12.1 13.8 11 14 10 13.6 11.3 13.6

    Number of labels always hidden 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions of length 2 76.2 181.1 23.3 51.5 59.7 127.4 22.3 44.6 40.8 80.9 20.4 37.3

    Number of label transitions of length 1 0 0 78.7 226.3 0 0 46.8 132.2 0 0 22.6 60.3

    Label movements of any length 76.2 181.1 102 277.8 59.7 127.4 69.1 176.8 40.8 80.9 43 97.6

    Number of label transitions without movement 830.3 744.7 805 651.5 375.8 318.6 361.2 267.9 156.1 125.7 157.3 107.3

    Number of label transitions from hidden to visible 22.4 16.1 22.6 14.1 19.1 14 21.3 14.2 17.9 12.7 16.6 13.8

    Number of label transitions from visible to hidden 22.8 16.4 23 14.2 19.8 14.5 22.2 14.5 19.1 13.4 18.1 14.8

    Number of label transitions between visible and hidden 45.2 32.5 45.6 28.3 38.9 28.5 43.5 28.7 37 26.1 34.7 28.6

    Number of label transitions from visible to visible 906.5 925.8 907 929.3 435.5 446 430.3 444.7 196.9 206.6 200.3 204.9

    Number of opportunities resulting in a visible label 953.9 966.9 954.5 968.3 479.6 485 476.5 483.8 239.8 244.3 241.8 243.6

  In percent: - - - - - - - - - - - -

    Labels always visible 44.400000% 55.600000% 46.800000% 58.000000% 48.400000% 55.200000% 44.000000% 56.000000% 40.000000% 54.400000% 45.200000% 54.400000%

    Labels always hidden 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of length 2 7.620000% 18.110000% 2.330000% 5.150000% 11.940000% 25.480000% 4.460000% 8.920000% 16.320000% 32.360000% 8.160000% 14.920000%

    Label movements of length 1 0.000000% 0.000000% 7.870000% 22.630000% 0.000000% 0.000000% 9.360000% 26.440000% 0.000000% 0.000000% 9.040000% 24.120000%

    Label movements of any length 7.620000% 18.110000% 10.200000% 27.780000% 11.940000% 25.480000% 13.820000% 35.360000% 16.320000% 32.360000% 17.200000% 39.040000%

    Label transitions without movement 83.030000% 74.470000% 80.500000% 65.150000% 75.160000% 63.720000% 72.240000% 53.580000% 62.440000% 50.280000% 62.920000% 42.920000%

    Label transitions from hidden to visible 2.240000% 1.610000% 2.260000% 1.410000% 3.820000% 2.800000% 4.260000% 2.840000% 7.160000% 5.080000% 6.640000% 5.520000%

    Label transitions from visible to hidden 2.280000% 1.640000% 2.300000% 1.420000% 3.960000% 2.900000% 4.440000% 2.900000% 7.640000% 5.360000% 7.240000% 5.920000%

    Label transitions between visible and hidden 4.520000% 3.250000% 4.560000% 2.830000% 7.780000% 5.700000% 8.700000% 5.740000% 14.800000% 10.440000% 13.880000% 11.440000%

    Label transitions from visible to visible 90.650000% 92.580000% 90.700000% 92.930000% 87.100000% 89.200000% 86.060000% 88.940000% 78.760000% 82.640000% 80.120000% 81.960000%

    Opportunities resulting in a visible label 93.063415% 94.331707% 93.121951% 94.468293% 91.352381% 92.380952% 90.761905% 92.152381% 87.200000% 88.836364% 87.927273% 88.581818%

  Time - - - - - - - - - - - -

Time consumed to complete solution (s): 0.041218 0.362614 0.089062 1.168436 0.020353 0.176145 0.043925 0.633288 0.010099 0.08187 0.022777 0.340524

Average time consumed per time transition (s): 0.000103 0.000907 0.000223 0.002921 0.000102 0.000881 0.00022 0.003166 0.000101 0.000819 0.000228 0.003405

Average time consumed per time transition (ms): 0.103046 0.906536 0.222654 2.921091 0.101766 0.880726 0.219625 3.16644 0.100989 0.8187 0.227767 3.405236

Number of features 50 50 50 50 50 50 50 50 50 50 50 50

Solving method heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic

Number of transitions per test case 48 48 48 48 24 24 24 24 12 12 12 12

Trajectory prediction off on off on off on off on off on off on

Number of label updates per time unit 4 4 4 4 2 2 2 2 1 1 1 1

Number of possible label positions 4 4 8 8 4 4 8 8 4 4 8 8

On average per test case: - - - - - - - - - - - -

  In absolute numbers: - - - - - - - - - - - -

    Number of labels always visible 15 17.2 14.3 19 13.9 18.6 13.5 18.2 14.6 17.8 13.8 18

    Number of labels always hidden 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions of length 2 207.3 465.7 63.9 132.2 157.5 308.4 63.4 118.4 95.3 180.8 47 93.6

    Number of label transitions of length 1 0 0 238.1 612.6 0 0 131.9 323.7 0 0 72.7 148.6

    Label movements of any length 207.3 465.7 302 744.8 157.5 308.4 195.3 442.1 95.3 180.8 119.7 242.2

    Number of label transitions without movement 1830.1 1604.2 1757.6 1364.7 795.7 667.4 763 546.6 327 258.6 310.5 203

    Number of label transitions from hidden to visible 76.6 63.3 79.3 53.9 62.4 51.3 65.6 48.7 49.9 38.2 50 40.2

    Number of label transitions from visible to hidden 77.6 64.1 80.5 54.9 64.2 52.3 67.7 49.8 52.5 40.6 53.2 42

    Number of label transitions between visible and hidden 154.2 127.4 159.8 108.8 126.6 103.6 133.3 98.5 102.4 78.8 103.2 82.2

    Number of label transitions from visible to visible 2037.4 2069.9 2059.6 2109.5 953.2 975.8 958.3 988.7 422.3 439.4 430.2 445.2

    Number of opportunities resulting in a visible label 2164 2183.2 2188.9 2213.4 1065.6 1077.1 1073.9 1087.4 522.2 527.6 530.2 535.4

  In percent: - - - - - - - - - - - -

    Labels always visible 30.000000% 34.400000% 28.600000% 38.000000% 27.800000% 37.200000% 27.000000% 36.400000% 29.200000% 35.600000% 27.600000% 36.000000%

    Labels always hidden 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of length 2 8.637500% 19.404167% 2.662500% 5.508333% 13.125000% 25.700000% 5.283333% 9.866667% 15.883333% 30.133333% 7.833333% 15.600000%

    Label movements of length 1 0.000000% 0.000000% 9.920833% 25.525000% 0.000000% 0.000000% 10.991667% 26.975000% 0.000000% 0.000000% 12.116667% 24.766667%

    Label movements of any length 8.637500% 19.404167% 12.583333% 31.033333% 13.125000% 25.700000% 16.275000% 36.841667% 15.883333% 30.133333% 19.950000% 40.366667%

    Label transitions without movement 76.254167% 66.841667% 73.233333% 56.862500% 66.308333% 55.616667% 63.583333% 45.550000% 54.500000% 43.100000% 51.750000% 33.833333%

    Label transitions from hidden to visible 3.191667% 2.637500% 3.304167% 2.245833% 5.200000% 4.275000% 5.466667% 4.058333% 8.316667% 6.366667% 8.333333% 6.700000%

    Label transitions from visible to hidden 3.233333% 2.670833% 3.354167% 2.287500% 5.350000% 4.358333% 5.641667% 4.150000% 8.750000% 6.766667% 8.866667% 7.000000%

    Label transitions between visible and hidden 6.425000% 5.308333% 6.658333% 4.533333% 10.550000% 8.633333% 11.108333% 8.208333% 17.066667% 13.133333% 17.200000% 13.700000%

    Label transitions from visible to visible 84.891667% 86.245833% 85.816667% 87.895833% 79.433333% 81.316667% 79.858333% 82.391667% 70.383333% 73.233333% 71.700000% 74.200000%

    Opportunities resulting in a visible label 88.326531% 89.110204% 89.342857% 90.342857% 85.248000% 86.168000% 85.912000% 86.992000% 80.338462% 81.169231% 81.569231% 82.369231%

  Time - - - - - - - - - - - -

Time consumed to complete solution (s): 0.166203 1.566055 0.369109 5.163918 0.08109 0.749355 0.182687 2.75268 0.039366 0.341027 0.091156 1.427473

Average time consumed per time transition (s): 0.000346 0.003263 0.000769 0.010758 0.000338 0.003122 0.000761 0.011469 0.000328 0.002842 0.00076 0.011896

Average time consumed per time transition (ms): 0.346257 3.262614 0.768977 10.758163 0.337875 3.12231 0.761196 11.4695 0.328051 2.84189 0.759635 11.895607

Number of features 100 100 100 100 100 100 100 100 100 100 100 100

Solving method heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic

Number of transitions per test case 56 56 56 56 28 28 28 28 14 14 14 14

Trajectory prediction off on off on off on off on off on off on

Number of label updates per time unit 4 4 4 4 2 2 2 2 1 1 1 1

Number of possible label positions 4 4 8 8 4 4 8 8 4 4 8 8

On average per test case: - - - - - - - - - - - -

  In absolute numbers: - - - - - - - - - - - -

    Number of labels always visible 17.9 20.5 18.2 23.4 17.9 21.7 18.1 22.4 17.7 21.6 18.2 23.4

    Number of labels always hidden 0 0 0 0 0 0 0 0 0 0 0 0

    Number of label transitions of length 2 518.7 1068.4 147.2 293.4 370.8 704.3 138.9 237.9 231.5 393.4 114 190

    Number of label transitions of length 1 0 0 617.1 1507.9 0 0 350.8 786.6 0 0 173.2 344

    Label movements of any length 518.7 1068.4 764.3 1801.3 370.8 704.3 489.7 1024.5 231.5 393.4 287.2 534

    Number of label transitions without movement 3828.6 3320.9 3667.3 2705.2 1641.1 1337.4 1547.7 1052.8 652.8 512.4 606.5 387

    Number of label transitions from hidden to visible 223.3 188.1 221.2 172 167.5 140.4 173.3 141.1 123.2 102.5 126.9 104.6

    Number of label transitions from visible to hidden 228.1 191.6 225.4 174.9 174 146.2 180.2 146 132.9 112 137.3 112

    Number of label transitions between visible and hidden 451.4 379.7 446.6 346.9 341.5 286.6 353.5 287.1 256.1 214.5 264.2 216.6

    Number of label transitions from visible to visible 4347.3 4389.3 4431.6 4506.5 2011.9 2041.7 2037.4 2077.3 884.3 905.8 893.7 921

    Number of opportunities resulting in a visible label 4670.2 4677 4752.7 4778.4 2279 2281.7 2310.6 2318.3 1107.1 1107.9 1120.5 1125.5

  In percent: - - - - - - - - - - - -

    Labels always visible 17.900000% 20.500000% 18.200000% 23.400000% 17.900000% 21.700000% 18.100000% 22.400000% 17.700000% 21.600000% 18.200000% 23.400000%

    Labels always hidden 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000%

    Label movements of length 2 9.262500% 19.078571% 2.628571% 5.239286% 13.242857% 25.153571% 4.960714% 8.496429% 16.535714% 28.100000% 8.142857% 13.571429%

    Label movements of length 1 0.000000% 0.000000% 11.019643% 26.926786% 0.000000% 0.000000% 12.528571% 28.092857% 0.000000% 0.000000% 12.371429% 24.571429%

    Label movements of any length 9.262500% 19.078571% 13.648214% 32.166071% 13.242857% 25.153571% 17.489286% 36.589286% 16.535714% 28.100000% 20.514286% 38.142857%

    Label transitions without movement 68.367857% 59.301786% 65.487500% 48.307143% 58.610714% 47.764286% 55.275000% 37.600000% 46.628571% 36.600000% 43.321429% 27.642857%

    Label transitions from hidden to visible 3.987500% 3.358929% 3.950000% 3.071429% 5.982143% 5.014286% 6.189286% 5.039286% 8.800000% 7.321429% 9.064286% 7.471429%

    Label transitions from visible to hidden 4.073214% 3.421429% 4.025000% 3.123214% 6.214286% 5.221429% 6.435714% 5.214286% 9.492857% 8.000000% 9.807143% 8.000000%

    Label transitions between visible and hidden 8.060714% 6.780357% 7.975000% 6.194643% 12.196429% 10.235714% 12.625000% 10.253571% 18.292857% 15.321429% 18.871429% 15.471429%

    Label transitions from visible to visible 77.630357% 78.380357% 79.135714% 80.473214% 71.853571% 72.917857% 72.764286% 74.189286% 63.164286% 64.700000% 63.835714% 65.785714%

    Opportunities resulting in a visible label 81.933333% 82.052632% 83.380702% 83.831579% 78.586207% 78.679310% 79.675862% 79.941379% 73.806667% 73.860000% 74.700000% 75.033333%

  Time - - - - - - - - - - - -

Time consumed to complete solution (s): 0.678898 6.286986 1.500606 21.843056 0.324535 3.000293 0.74329 11.160948 0.151921 1.340318 0.36468 5.571511

Average time consumed per time transition (s): 0.001212 0.011227 0.00268 0.039005 0.001159 0.010715 0.002655 0.039861 0.001085 0.009574 0.002605 0.039797

Average time consumed per time transition (ms): 1.212318 11.226761 2.679654 39.005458 1.159055 10.715333 2.654606 39.860527 1.085152 9.573698 2.604854 39.796507

Number of features 250 250 250 250 250 250 250 250 250 250 250 250

Solving method heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic

Number of transitions per test case 64 64 64 64 32 32 32 32 16 16 16 16

Trajectory prediction off on off on off on off on off on off on

Number of label updates per time unit 4 4 4 4 2 2 2 2 1 1 1 1

Number of possible label positions 4 4 8 8 4 4 8 8 4 4 8 8

On average per test case: - - - - - - - - - - - -

  In absolute numbers: - - - - - - - - - - - -

    Number of labels always visible 21.7 24.8 22.9 24.4 21.7 25.5 20.6 26.5 22.8 26.6 21 27.2

    Number of labels always hidden 0 0 0 0 0 0 0 0 0.2 0.3 0.1 0.1

    Number of label transitions of length 2 1411.6 2620.2 370.6 687.8 984.4 1655.6 335.6 565.7 600 910.3 271 396.6

    Number of label transitions of length 1 0 0 1838.2 4021.5 0 0 1048 2002.2 0 0 488.7 848.4

    Label movements of any length 1411.6 2620.2 2208.8 4709.3 984.4 1655.6 1383.6 2567.9 600 910.3 759.7 1245

    Number of label transitions without movement 8442.3 7223.3 8021.5 5537.5 3475.4 2829.2 3202.2 2064.2 1314.3 1008.5 1190.1 727.7

    Number of label transitions from hidden to visible 720 654.6 740.3 618.6 496.3 437.7 542 456.9 340.8 306.6 369.3 316.5

    Number of label transitions from visible to hidden 742.3 675.6 762.6 637.8 527.4 467.1 573.3 483 384.7 349.6 412 359.4

    Number of label transitions between visible and hidden 1462.3 1330.2 1502.9 1256.4 1023.7 904.8 1115.3 939.9 725.5 656.2 781.3 675.9

    Number of label transitions from visible to visible 9853.9 9843.5 10230.3 10246.8 4459.8 4484.8 4585.8 4632.1 1914.3 1918.8 1949.8 1972.7

    Number of opportunities resulting in a visible label 10818.5 10742.7 11217.5 11112.3 5200.7 5167.1 5374.7 5335.9 2499.7 2470 2566 2536.1

  In percent: - - - - - - - - - - - -

    Labels always visible 8.680000% 9.920000% 9.160000% 9.760000% 8.680000% 10.200000% 8.240000% 10.600000% 9.120000% 10.640000% 8.400000% 10.880000%

    Labels always hidden 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.000000% 0.080000% 0.120000% 0.040000% 0.040000%

    Label movements of length 2 8.822500% 16.376250% 2.316250% 4.298750% 12.305000% 20.695000% 4.195000% 7.071250% 15.000000% 22.757500% 6.775000% 9.915000%

    Label movements of length 1 0.000000% 0.000000% 11.488750% 25.134375% 0.000000% 0.000000% 13.100000% 25.027500% 0.000000% 0.000000% 12.217500% 21.210000%

    Label movements of any length 8.822500% 16.376250% 13.805000% 29.433125% 12.305000% 20.695000% 17.295000% 32.098750% 15.000000% 22.757500% 18.992500% 31.125000%

    Label transitions without movement 52.764375% 45.145625% 50.134375% 34.609375% 43.442500% 35.365000% 40.027500% 25.802500% 32.857500% 25.212500% 29.752500% 18.192500%

    Label transitions from hidden to visible 4.500000% 4.091250% 4.626875% 3.866250% 6.203750% 5.471250% 6.775000% 5.711250% 8.520000% 7.665000% 9.232500% 7.912500%

    Label transitions from visible to hidden 4.639375% 4.222500% 4.766250% 3.986250% 6.592500% 5.838750% 7.166250% 6.037500% 9.617500% 8.740000% 10.300000% 8.985000%

    Label transitions between visible and hidden 9.139375% 8.313750% 9.393125% 7.852500% 12.796250% 11.310000% 13.941250% 11.748750% 18.137500% 16.405000% 19.532500% 16.897500%

    Label transitions from visible to visible 61.586875% 61.521875% 63.939375% 64.042500% 55.747500% 56.060000% 57.322500% 57.901250% 47.857500% 47.970000% 48.745000% 49.317500%

    Opportunities resulting in a visible label 66.575385% 66.108923% 69.030769% 68.383385% 63.038788% 62.631515% 65.147879% 64.677576% 58.816471% 58.117647% 60.376471% 59.672941%

  Time - - - - - - - - - - - -

Time consumed to complete solution (s): 3.814119 33.547611 8.769666 122.691913 1.78852 15.682024 4.218387 59.587885 0.809277 6.807227 1.991467 27.248773

Average time consumed per time transition (s): 0.00596 0.052418 0.013703 0.191706 0.005589 0.049006 0.013182 0.186212 0.005058 0.042545 0.012447 0.170305

Average time consumed per time transition (ms): 5.959562 52.418142 13.702603 191.706115 5.589125 49.006326 13.18246 186.212141 5.057982 42.545171 12.446668 170.304831

Number of features 500 500 500 500 500 500 500 500 500 500 500 500

Solving method heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic

Number of transitions per test case 72 72 72 72 36 36 36 36 18 18 18 18

Trajectory prediction off on off on off on off on off on off on

Number of label updates per time unit 4 4 4 4 2 2 2 2 1 1 1 1



Number of possible label positions 4 4 8 8 4 4 8 8 4 4 8 8

On average per test case: - - - - - - - - - - - -

  In absolute numbers: - - - - - - - - - - - -

    Number of labels always visible 26.6 26.9 25.7 25.7 25.9 26.8 25.8 28.3 24.7 30.3 24.5 28.5

    Number of labels always hidden 0 0.1 0.1 0.3 0.7 1.1 0.6 1 5.5 6 1.7 3.3

    Number of label transitions of length 2 2710.5 4731.7 675.7 1184.6 1899.8 2940.5 609.3 949.4 1121.9 1604.6 483.5 669.8

    Number of label transitions of length 1 0 0 3790.2 7705.8 0 0 2194.5 3816 0 0 1016.6 1595.4

    Label movements of any length 2710.5 4731.7 4465.9 8890.4 1899.8 2940.5 2803.8 4765.4 1121.9 1604.6 1500.1 2265.2

    Number of label transitions without movement 14943.8 12817.7 14281.7 9620.5 6026.8 4947.3 5515.1 3508.9 2238 1750.8 1980.2 1207

    Number of label transitions from hidden to visible 1570.2 1461.5 1626.8 1398.7 1053.2 962.5 1147.3 976 674.9 617.6 751.7 665.2

    Number of label transitions from visible to hidden 1630.4 1522.2 1690.1 1462.7 1132.8 1042.9 1231.1 1065.3 786.6 732.4 868 786.6

    Number of label transitions between visible and hidden 3200.6 2983.7 3316.9 2861.4 2186 2005.4 2378.4 2041.3 1461.5 1350 1619.7 1451.8

    Number of label transitions from visible to visible 17654.3 17549.4 18747.6 18510.9 7926.6 7887.8 8318.9 8274.3 3359.9 3355.4 3480.3 3472.2

    Number of opportunities resulting in a visible label 19680.6 19467 20846.4 20381.6 9435.9 9306.4 9938.2 9722.3 4490.9 4429.1 4704 4609.4

  In percent: - - - - - - - - - - - -

    Labels always visible 5.320000% 5.380000% 5.140000% 5.140000% 5.180000% 5.360000% 5.160000% 5.660000% 4.940000% 6.060000% 4.900000% 5.700000%

    Labels always hidden 0.000000% 0.020000% 0.020000% 0.060000% 0.140000% 0.220000% 0.120000% 0.200000% 1.100000% 1.200000% 0.340000% 0.660000%

    Label movements of length 2 7.529167% 13.143611% 1.876944% 3.290556% 10.554444% 16.336111% 3.385000% 5.274444% 12.465556% 17.828889% 5.372222% 7.442222%

    Label movements of length 1 0.000000% 0.000000% 10.528333% 21.405000% 0.000000% 0.000000% 12.191667% 21.200000% 0.000000% 0.000000% 11.295556% 17.726667%

    Label movements of any length 7.529167% 13.143611% 12.405278% 24.695556% 10.554444% 16.336111% 15.576667% 26.474444% 12.465556% 17.828889% 16.667778% 25.168889%

    Label transitions without movement 41.510556% 35.604722% 39.671389% 26.723611% 33.482222% 27.485000% 30.639444% 19.493889% 24.866667% 19.453333% 22.002222% 13.411111%

    Label transitions from hidden to visible 4.361667% 4.059722% 4.518889% 3.885278% 5.851111% 5.347222% 6.373889% 5.422222% 7.498889% 6.862222% 8.352222% 7.391111%

    Label transitions from visible to hidden 4.528889% 4.228333% 4.694722% 4.063056% 6.293333% 5.793889% 6.839444% 5.918333% 8.740000% 8.137778% 9.644444% 8.740000%

    Label transitions between visible and hidden 8.890556% 8.288056% 9.213611% 7.948333% 12.144444% 11.141111% 13.213333% 11.340556% 16.238889% 15.000000% 17.996667% 16.131111%

    Label transitions from visible to visible 49.039722% 48.748333% 52.076667% 51.419167% 44.036667% 43.821111% 46.216111% 45.968333% 37.332222% 37.282222% 38.670000% 38.580000%

    Opportunities resulting in a visible label 53.919452% 53.334247% 57.113425% 55.840000% 51.004865% 50.304865% 53.720000% 52.552973% 47.272632% 46.622105% 49.515789% 48.520000%

  Time - - - - - - - - - - - -

Time consumed to complete solution (s): 13.613666 114.960629 32.420344 434.160381 6.337886 53.214608 15.367873 203.981865 2.819857 22.722858 7.083855 91.228779

Average time consumed per time transition (s): 0.018908 0.159668 0.045028 0.603001 0.017605 0.147818 0.042689 0.566616 0.015666 0.126238 0.039355 0.506827

Average time consumed per time transition (ms): 18.90787 159.66754 45.028256 603.000529 17.60524 147.818356 42.688537 566.616291 15.665873 126.238097 39.354751 506.826548

Number of features 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

Solving method heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic heuristic

Number of transitions per test case 80 80 80 80 40 40 40 40 20 20 20 20

Trajectory prediction off on off on off on off on off on off on

Number of label updates per time unit 4 4 4 4 2 2 2 2 1 1 1 1

Number of possible label positions 4 4 8 8 4 4 8 8 4 4 8 8

On average per test case: - - - - - - - - - - - -

  In absolute numbers: - - - - - - - - - - - -

    Number of labels always visible 26.5 28.2 27 29.3 28.7 31.1 25 31.2 29.2 32.4 27.5 31.4

    Number of labels always hidden 4.9 5.6 2.7 4.3 18.4 22.8 10.4 15.1 57.9 61.3 29.7 36.5

    Number of label transitions of length 2 4615.4 7427.3 1054 1773.5 3159.5 4684.6 964 1401.2 1888.8 2548.6 783.1 1011.3

    Number of label transitions of length 1 0 0 6880 12825.2 0 0 3981.4 6455.3 0 0 1840 2714.3

    Label movements of any length 4615.4 7427.3 7934 14598.7 3159.5 4684.6 4945.4 7856.5 1888.8 2548.6 2623.1 3725.6

    Number of label transitions without movement 24314.3 21204.1 23261.3 15960.6 9732.1 8037.5 8784.1 5683.9 3513.1 2806.8 3070.3 1903.2

    Number of label transitions from hidden to visible 3076.9 2937.2 3192.2 2791 1976.9 1830.6 2181.8 1887.9 1228.9 1137.1 1372.2 1227.9

    Number of label transitions from visible to hidden 3212.2 3073.8 3347.7 2959 2152.4 2012.2 2378.3 2098.6 1466.9 1386.6 1634 1504.5

    Number of label transitions between visible and hidden 6289.1 6011 6539.9 5750 4129.3 3842.8 4560.1 3986.5 2695.8 2523.7 3006.2 2732.4

    Number of label transitions from visible to visible 28929.7 28631.4 31195.3 30559.3 12891.6 12722.1 13729.5 13540.4 5401.9 5355.4 5693.4 5628.8

    Number of opportunities resulting in a visible label 32782.7 32344.7 35220.1 34182.9 15644.6 15328.8 16743.9 16260.9 7406.9 7268.6 7898.2 7689.3

  In percent: - - - - - - - - - - - -

    Labels always visible 2.650000% 2.820000% 2.700000% 2.930000% 2.870000% 3.110000% 2.500000% 3.120000% 2.920000% 3.240000% 2.750000% 3.140000%

    Labels always hidden 0.490000% 0.560000% 0.270000% 0.430000% 1.840000% 2.280000% 1.040000% 1.510000% 5.790000% 6.130000% 2.970000% 3.650000%

    Label movements of length 2 5.769250% 9.284125% 1.317500% 2.216875% 7.898750% 11.711500% 2.410000% 3.503000% 9.444000% 12.743000% 3.915500% 5.056500%

    Label movements of length 1 0.000000% 0.000000% 8.600000% 16.031500% 0.000000% 0.000000% 9.953500% 16.138250% 0.000000% 0.000000% 9.200000% 13.571500%

    Label movements of any length 5.769250% 9.284125% 9.917500% 18.248375% 7.898750% 11.711500% 12.363500% 19.641250% 9.444000% 12.743000% 13.115500% 18.628000%

    Label transitions without movement 30.392875% 26.505125% 29.076625% 19.950750% 24.330250% 20.093750% 21.960250% 14.209750% 17.565500% 14.034000% 15.351500% 9.516000%

    Label transitions from hidden to visible 3.846125% 3.671500% 3.990250% 3.488750% 4.942250% 4.576500% 5.454500% 4.719750% 6.144500% 5.685500% 6.861000% 6.139500%

    Label transitions from visible to hidden 4.015250% 3.842250% 4.184625% 3.698750% 5.381000% 5.030500% 5.945750% 5.246500% 7.334500% 6.933000% 8.170000% 7.522500%

    Label transitions between visible and hidden 7.861375% 7.513750% 8.174875% 7.187500% 10.323250% 9.607000% 11.400250% 9.966250% 13.479000% 12.618500% 15.031000% 13.662000%

    Label transitions from visible to visible 36.162125% 35.789250% 38.994125% 38.199125% 32.229000% 31.805250% 34.323750% 33.851000% 27.009500% 26.777000% 28.467000% 28.144000%

    Opportunities resulting in a visible label 40.472469% 39.931728% 43.481605% 42.201111% 38.157561% 37.387317% 40.838780% 39.660732% 35.270952% 34.612381% 37.610476% 36.615714%

  Time - - - - - - - - - - - -

Time consumed to complete solution (s): 45.647667 366.932849 111.978082 1410.248067 20.955296 168.110423 52.529059 644.362642 9.251182 70.806795 23.943746 280.619308

Average time consumed per time transition (s): 0.05706 0.458666 0.139973 1.76281 0.052388 0.420276 0.131323 1.610907 0.046256 0.354034 0.119719 1.403097

Average time consumed per time transition (ms): 57.059584 458.666061 139.972603 1762.810084 52.388239 420.276058 131.322649 1610.906605 46.255908 354.033974 119.718732 1403.096538
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