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ABSTRACT 

Multi-touch surfaces enable highly interactive and intuitive 

applications. Nevertheless large devices are also constrained. 

It’s possible that users cannot reach every part of the display 

without walking around or leaning on the surface. To 

compensate this restriction, I present a method to use mobile 

eyetracking as an additional input modality. In particular I 

propose an approach relying on marker-based display 

recognition and homogeneous transformations. In a user 

study I evaluated the implementation in terms of accuracy. 

As result I extracted some design guidelines for building 

interfaces and considered how to solve limitations of the 

proposed system. 

INTRODUCTION 

The range of human arms is limited. Thus it could happen 

that parts of a large scale multi-touch surface cannot be 

reached. In this report I present how to use mobile 

eyetracking to overcome this restriction. Here eyetracking 

delivers an additional modality – namely gaze – which I use 

to elongate the default touch input by proposing selection 

targets. Nevertheless mobile eyetracking is regarded as 

imprecise and error-prone. Accordingly the first part of my 

work deals with how to transform gaze input to display space 

with minimal loss, preceded by related work. My approach 

relies on marker-based display recognition and 

homogeneous transformations. The second part describes the 

conducted user study and investigates the proposed system 

in terms of accuracy in order to extract certain interaction 

design guidelines. Further I present several concepts on how 

to exploit these guidelines for building an adapted user 

interface (UI) and how to cope with limitations which 

emerged during the study. Finally I conclude my report with 

ideas for future work. 

 

RELATED WORK 

Currently there is not much research concerning eyetracking 

as an extension for multi-touch surfaces. Although there is 

research investigating gaze from a mobile eyetracking 

system to interact with any display in a usual indoor 

environment by Mardanbegi et al. [2]. They used image 

processing to detect quadrilateral contours. When their 

analysis found a candidate, the underlying systems showed a 

QR code on all available displays. At first this code should 

clarify that the given shape actually was a display. The 

second function was to identify which display has been 

detected. 

Another relevant work is Look & Touch by Stellmach et al. 

[6]. They proposed a set of interactions using a mobile touch 

device to confirm gaze input from a stationary eyetracker. By 

combining touch and gaze modality, they cope with the 

Midas touch problem, which itself is seen as one of the most 

prominent issues concerning gaze-based interaction. 

Mauderer et al. [3] use a stationary eyetracker to improve 

distant target selection on multi-touch surfaces. Their basic 

input is a flicking gesture towards a target, motivated by 

physical objects, resulting in a directed line on the surface 

plane. Further they exploit gaze to get a second line from the 

eye towards the target. Finally a position on the surface 

between those lines is interpolated and the nearest object is 

chosen. 

IMPLEMENTATION 

The proposed system can be divided into smaller subparts 

(see Figure 1): An eyetracker and a data server. Further it can 

be extended by a graphical user interface (GUI) for 

evaluation purposes (see Figure 2). Overall the data server is 

responsible for delivering gaze information originating from 

the eyetracker to a GUI. Following it is described, how each 

part works and how they are connected and calibrated. 

 

Figure 1: Data flow chart of the proposed software system based on AForge.NET Framework and GRATF [1]. 
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Figure 2: Evaluation GUI during study on Samsung SUR40. 

Mobile Eyetracker 

To retrieve gaze input, the described system uses a DIY 

mobile eyetracker in combination with the open source 

software ITU Gaze Tracker1 [4]. The device itself consists 

out of an infrared (IR) vision eye camera and a usual webcam 

for the field. It is attached to a computer running ITU Gaze 

Tracker which is connected to the data server. The ITU 

software requires Windows operating system (OS). 

Data Server 

The data server is the most important part of the proposed 

system. In general it does all the processing and links the 

eyetracker and a GUI as shown in Figure 1. This part of the 

software is based on the AForge.NET framework for image 

processing and its extension GRATF for marker recognition 

[1]. Thus it requires Windows OS as the ITU Gaze Tracker 

does. Subsequently every processing and calibration step is 

explained in detail. 

Eyetracker Calibration 

Calibrating the mobile eyetracker means to map the eye’s 

viewing angle to a certain position of the field camera view. 

This process finalizes in two steps. First the ITU Gaze 

Tracker maps the pupil’s position gathered from the eye 

camera to the display of the computer on which it runs. 

Second the data server maps these coordinates to the field 

camera by means of homogeneous transformations. During 

this process it is important that the user does not move his 

head. Otherwise the mapping gets corrupt due to a translated 

or rotated viewing origin. At this point the system knows 

where the user looks at depending on the field camera view. 

Accordingly the next step is to find the multi-touch display 

within this video stream for a final gaze mapping. 

Display Recognition 

The first approach for display recognition was similar to the 

work of Mardanbegi et al. [2]. Denoted as thresholding the 

data server applied the heuristic that a display is much 

brighter than everything else on a camera frame and has a 

                                                           

1 Gaze Tracker by IT University of Copenhagen 

(http://www.gazegroup.org/downloads/23-gazetracker)  

certain size. Thus the processing binarized each frame and 

searched for a suitable quadrilateral shape. When one was 

found, its corners were used as correspondence points to 

compute the final transformation matrix from field camera to 

multi-touch display space. Nevertheless this method had two 

major limitations: It was not able to distinguish where the 

user was standing (orientation) and the transformation was 

useless in case the camera frame did not contain all display 

corners (partial vision). 

To solve this problems I added six markers (5x5 blocks each) 

around the multi-touch display. Additionally I changed the 

processing in order to recognize a single marker instead of 

the whole display. Orientation was not a problem anymore, 

due to the rotation variance of each marker. This means that 

a marker could be recognized uniquely independent from the 

point of view. The partial vision issue was solved alike. On 

account of the smaller edge size a frame always contained all 

corners of a marker. But exactly this smaller edge size was 

responsible for another limitation: less accuracy. Even small 

distortions from the marker recognition propagated 

multiplicative with increasing distance to the marker. 

The final version of display recognition exploits marker 

patterns. A pattern consists out of one to four markers. 

Further the processing tries to match the recognized markers 

with one of the hardcoded patterns in descending order 

regarding edge size. Patterns which only contain one marker 

are tried at last in this case. In summary accuracy is 

improved, according to the field of view. 

Evaluation Management 

As mentioned before, I put emphasize on evaluation. The 

data server is responsible for managing tasks and results. 

This means that it implements the evaluation logic, but not 

the visualization and measurement. Therefore I use a special 

evaluation module (see Apparatus). 

EVALUATION 

Accuracy plays a vital role according to usability of input 

devices and its interaction designs. Therefore the evaluation 

of the presented system targeted two main issues. First of all 

I was interested in how accurate the input is generally, 

dependent on the position on the display. Here I relied on 

selection tasks similar to the proposed “gaze selects, touch 

confirms” paradigm of Stellmach et al. [6]. Further I 

observed whether certain patterns crystallized, such that one 

can adapt the user interface in order to support the user and 

neglect inaccuracy. Second I kept an eye on the users to 

recognize potential issues with the system, the eyetracker 

and the interaction principle of the evaluation software. 

http://www.gazegroup.org/downloads/23-gazetracker


 

Figure 3: Average distance for all and for the expert group 

divided into training and analysis results. 

Apparatus 

The apparatus extends the proposed implementation by 

visualization and measurement capabilities. Tasks for the test 

person are received from the data server and results are sent 

back (see Figure 1). This part of the implementation must run 

on the multi-touch device, because it shall represent the 

aspired environment: a multi-touch surface extended by 

mobile eyetracking. In case of this work I decided to use the 

Samsung SUR40 multi-touch device (see Figure 2). Thus 

calibration and evaluation can be handled on a single 

computer. 

Design 

The evaluation was divided in two parts: training and 

analysis. In each phase the user had to accomplish 3 times 28 

trails in random order. The trials were generated from a 7 x 

4 regular grid according to the 1080p resolution of the multi-

touch display. Altogether a user had to solve 84 trails for 

training and again for analysis. Every trail was visualized as 

a green circle (150px radius) with a black point in its center. 

The user was asked to look at that center and then to confirm 

with a touch anywhere on the display. Hereby their gaze was 

represented by a target cross floating over the scene (see 

Figure 2). The measure for accuracy is the distance of gaze 

with respect to the given level. 

Before training and analysis a calibration of the eyetracker 

took place respectively. To fixate the head during this 

process I used a three pod adjustable in height with foam on 

top. During the test users were free to move as the wires 

allowed it. 

Results 

6 persons participated in the study (5 male and 1 female), 

aged 19 to 35 (mean: 26,5; standard deviation (SD): 5,12). 

They consist of one pupil, two students and three researchers. 

All of them stated to be right handed. During the study it 

emerged, that one of the participants would not achieve 

suitable results, because the person repeatedly confirmed 

trials without gaze being available. Thus I build an expert 

group excluding this one. 

 

Figure 4: Average distance dependent on marker count per 

pattern for all participants and for the expert group. 

Accuracy 

With regard to the major interest I computed the average 

distance for training and analysis phase for all participants 

and for the expert group (see Figure 3). As one can see, 

there’s a significant improvement from training to analysis 

in both cases. This can be interpreted as learning effect. 

Further the expert group is more accurate than the reference 

group (around 15 px). 

As mentioned in section Display Recognition the 

implementation relies on marker pattern instead of single 

markers, because this technique seemed to be more accurate. 

To check this statement I composed a diagram which shows 

the average distance dependent on the marker count per 

pattern (see Figure 4). As one can see 4, 3 and 2 marker per 

pattern were best for both groups while 1 marker per pattern 

reached worse results. Regarding all participants this is a 

difference of 35,5px as to 2 marker per pattern. For the expert 

group the difference is smaller with 10,8px as to 4 marker 

per pattern. In general this shows that marker patterns are 

more accurate than single markers, but the trend reverses 

looking at values for 3 and 4 marker per pattern. Though, the 

higher distance to the markers, necessary for the field camera 

to recognize 4 marker per pattern could account for this 

effect (see Limitations for further information). 

 

Figure 5: Distribution of pattern size for all and for expert 

group (analysis).
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Figure 6: Result distribution of expert group concerning 

accuracy intervals: 0-75px (best), 76-150px, 151-300px, 301-

600px and 601-1000px (worst). 

Figure 5 shows a distribution, which describes how many 

patterns with a certain amount of markers were recognized 

on trial confirmations. Regarding all users, values for 4, 3 

and 2 marker per pattern sum up to around 70% whereas for 

experts this value is around 78%. Thus it’s graspable that 

experts got better accuracy results due to the kind of 

recognized markers. 

To concretize the current findings I clustered all results of 

the expert group into accuracy intervals (see Figure 6). 

Results with a distance greater than 1000px were marked as 

outliers and therefore excluded. Figure 6 shows that for the 

analysis part around 36% of the results lie within a radius of 

75px and 71% lie within a radius of 150px. Additionally only 

a few results (around 5%) have a distance greater or equal to 

300px (see Guidelines for further information). 

The main target of the study was to extract accuracy 

information dependent on the display position. Figure 7 

illuminates this issue by visualizing each trial and 

corresponding results for the expert group’s analysis phase. 

As we’ve already seen in Figure 3 the average distance is 

smaller than 150px. Nevertheless on the upper left and upper 

middle results were worse. This can be justified by two facts. 

First, the user stood at the bottom of this image respectively. 

Thus the distance to the display position was higher too. 

Second, the evaluation client drew circles above markers. 

Accordingly there was at least one marker missing (see 

Figure 2). Regarding other marker positions, it’s plausible 

that the combination of both accounts for this effect (see 

Limitations for further information). 

General Issues 

The second part of the evaluation is more qualitative. It’s 

based on observations made during the tests and measures 

independent of accuracy. 

The first interesting point is where and how users confirmed 

their gaze position. As you can see in Figure 8 most inputs 

were made on the right side, which corresponds to the fact, 

that all participants are right-handed. Nevertheless, a few 

dots are on the left. Consulting the participants yielded that 

they touched on the left, when a trial would have been 

occluded by their hand.

  

Figure 7: Results per trial for analysis phase of expert group. 

The radius of the colored circles represent the average distance 

of the respective results. The black circles visualize the distance 

± the SD. The red lines and dots represent the actual results. On 

the right is a legend mapping accuracy intervals to colors. 

In addition occlusion of markers caused by a hand while 

touching or by a trial accounts for many outliers. When no 

other marker was in sight, gaze could not be transformed to 

display space and high distances were recorded. Another 

reason for outliers was the DIY eyetracker. Due to its flexible 

frame the raw gaze signal suffered from shifts. Besides the 

device lost the pupil’s center sporadically (see Limitations 

for further information). 

DISCUSSION 

In the following I discuss major limitations and propose 

possible solutions to them. Moreover I figure out important 

guidelines regarding interaction design. 

Limitations 

Starting with the limitations there is an issue concerning the 

DIY eyetracker. The most promising solution is to replace 

the self-construction by a professional device. Thus 

robustness and usability can be improved. Another problem 

refers to marker occlusion and marker tracking in general. 

The restriction is, that occlusions and the fixed marker grid 

affect the amount and quality of recognized markers. In this 

case further improved techniques for display recognition can 

solve the issue. Interesting approaches are natural feature 

tracking based on display surroundings or on screen content 

and marker frames. 

 

Figure 8: Touch heatmap for analysis phase of expert group. 
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Guidelines 

Results have shown, that in many cases (71%) gaze varies 

less than 150px and nearly always (95%) less than 300px. 

Consequentially interaction areas should have at least a 

diameter of 300px. For fast access it’s even better to scale 

interaction areas to 600px diameter. Proper applications 

could be image galleries and street maps with interactions 

like swapping images or panning and zooming maps. 

Additionally it’s reasonable to split the multi-touch device in 

two parts, one for touch only and one for touch extended by 

gaze. On the one hand the target of this paper was to elongate 

the users reach and not to replace touch only interaction. On 

the other hand this prevents occlusions concerning the user’s 

hand. The size of this area should correspond to the user’s 

arm length, thus a circular area is interesting. When 

switching to the gaze extended area, the touch only part 

should serve as touch confirmation area. As we’ve seen in 

Figure 8 a circular area in front of the user is suitable. The 

interface within the gaze extended part should only provide 

functions which correspond to the size criteria mentioned 

above. Nevertheless if more precision is needed the user 

should be able to easily move the application to the touch 

only area or zoom in as needed. 

FUTURE WORK 

As next step a professional eyetracker should be embedded 

to increase accuracy and robustness as this these are the main 

issues of the current system. Another point would be to 

enhance display recognition by means of natural feature 

tracking using screen content. Furthermore it would be 

interesting to investigate how stabilizing algorithms such as 

speed reduction and force field by Zhang et al [7] influence 

performance. Additionally selection speed plays an 

important role concerning the usability of user input. 

According to that a further user study examining all 

mentioned aspects should be conducted. The standardized 

ISO test, presented by Soukoreff and MacKenzie [5] could 

be a suitable test, making it easy to compare results with 

other systems and technologies. Finally I’d like to develop a 

user interaction design based upon the guidelines proposed 

in this report and on results gained from further studies. 
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