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Abstract: This paper presents a scaled version of Augmented 

Reality Sandbox (ARSAND). Original ARSAND consist of short 

throw projector, Kinect 3D camera, dedicated computer with 

high end graphic card and sandbox.  ARSAND has been gaining 

recognition and popularity for its rapid and accurate capabilities 

in designing landscapes and simulating geographical real-world 

terrain. The proposed scaled version of the ARSAND consists of 

ultra-short throw projector with different configuration, Kinect 

3D camera, dedicated computer with high end graphic card, and 

calibrated sandbox with less amount of sand.  The proposed 

scaled version of ARSAND is able to perform basic functions of 

the original ARSAND such as simulating real-world terrain and 

rain fall. 

 

Index Terms: Augmented Reality Sandbox, educational tool, 

geographical terrain.  

I. INTRODUCTION 

  Given the fact that ARSAND tool is now actively 

implemented and used in many fields, it is worth mentioning 

that such a tool was firstly inspired and developed by the 

researchers at UC Davis to overcome the limitations and to 

simplify the learning process for geoscience students [1]. 

This tool has achieved its objective by making use of 

Augmented Reality (AR) technology which formed the base 

layer and made this invention possible. AR has been defined 

as “blending (augmenting) virtual data information, rich 

media and even live action with what is seen in the real 

world, for the purpose of enhancing the information we can 

perceive with our senses” [1] as illustrated in Fig. 1.  

 

 
 

                     Fig. 1: Milgram’s Reality-Virtually continuum 
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The 2D traditional impractical method that was used as 

the main tool of education had to be replaced and improved 

as it lacks the active learning interaction that students need to 

digest and imagine the concepts upon them [2]. Montessori 

method has shown that students are most efficiently learning 

when they are experimenting and physically interacting with 

an educational object [3]. This study can simply explain why 

and how children can learn and develop their skills by solely 

interacting with tangible objects such as toys, building 

blocks, puzzles.  

The ARSAND mainly consists of short throw projector, 

Kinect 3D camera, dedicated computer with high end 

graphic card, and sandbox [4]. ARSAND technically 

operates in real- time when the Kinect 3D camera senses the 

changes in height and depth that are being made on the sand 

by the user. The Kinect will then make an image of the 

topography map of the box. This map data will be sent to the 

computer equipped with AR sandbox software that will 

analyse it and sketch a colour-elevated map ranging from 

cold blue representing sea level or bottom of the box to dark 

red representing tip of the mountains/heights. This sketch 

will then be sent to the projector that will project it on the 

sandbox with precise contour lines according to the elevation 

of the heights formed earlier with the sand [5].  

II. RELATED WORKS 

A. UC Davis Augmented Reality Sandbox 

Fig. 2 shows the schematic diagram of the ARSAND 

proposed in [1]. The surface of the sand is scanned and 

recorded with 3D camera that is mounted on the wooden 

edge on top of the box. The camera main function is to record 

the movement, shape, and height of the sand that is being 

moulded by the user and transfer it to a computer. This 

recoded data will be processed by the computer and coloured 

elevated map will be sketched by the AR sandbox software.  

After processing, an output of a real time video will be 

generated and projected on the sand using a projector that is 

mounted on top of the box. The 3D camera will generate an 

IR pulse within the range of its field of view and that is the 

reason for mounting the camera at a standard height of one 

meter above the middle of the box.  
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The generated IR pulses will hit the surface of the sand and 

gets reflected. These reflected pulses will help the sensor in 

recording the altitude and shape of the sand. These records 

will help in producing a detailed topographic map showing 

the exact height of the sand at each 

 

 

 

point in the box.  

 The video information that is produced by the computer is 

extracted with the use of software that has been developed by 

the same inventor. The software produces a topographic map 

with coloured contour lines changing from cold blue to warm 

red. This information is then projected onto the surface 

which will allow the users to see complete 3D image of the 

desired topographical map [2]. 

 

 
                          Fig. 2:   The schematics of AR sandbox 

 

B. Tangible Modelling AR Sandbox 

Tangible landscape is a new technology that allows users 

to rapidly and intuitively be able to design different kind of 

landscapes that have been simulated and modelled 

geospatially. It is a tangible interface where users are having 

the advantage of interacting naturally with 3D physical 

models and shape them accordingly. Tangible landscapes are 

mostly created by coupling a physical and digital model of a 

landscape through a real-time cycle of physical manipulation 

[3]. 

Besides earthwork, topographic modelling is considered 

one of the main tasks that a landscape architecture should be 

able to design. These models mostly come in a form of data 

that derived from field surveys. 

 

 

 

 

 

 

 

 

 
Fig. 3:  A participant sculpts the study landscape using the projected elevation 

and contour 

The tangible modelling architects used to design such a 

topography using analogue methods where contours maps 

are sculptured by hand as shown in Fig. 3. Considering it as 

more of intuitive way of designing but less precise than the 

digital method which uses Rhinoceros software to simulate 

the topographical map. Digital method provides more 

accuracy and dynamic modes of visualization. 

C. Virtual Reality Sandbox System  

AR sandbox has shown a limitation when it comes to 

simulating real-time water cycle due to the fact that the 

current system of AR sandboxes does not include 

non-interactive 2D kind of projection, besides the shadowing 

issue that could limit the accuracy of water cycle simulation 

[9]. Thus, an extended system was needed and that is where 

virtual reality sandbox or VR sandbox comes to play. The 

proposed system extended the current system with a virtual 

reality. It was built with triple Kinects, sensor for sand depth, 

tracking the physical hand with the use of leap motion, and 

finally the main component VR as shown in Fig. 4. The new 

proposed system was setup to navigate through the space of 

haptic redirection. 

 

 

 

 

 

 

 

 

 

 

 

 
                  Fig. 4:  Virtual Reality Sandbox 

 

The sandbox in Fig. 4 was slightly bigger than the AR 

sandbox setup. It had the dimension of 140cm x 80cm x 

30cm. This change in size was mainly required to give more 

freedom for the users and to guarantee future modification. 

For tracking, a Kinect of version 1 was used just like the old 

setup but it was mounted at 120 cm above the box which 

makes slightly higher in order to adapt with the bigger size of 

the sand and match its field of view. The movement of sand 

was sensed from three different angle by the three Kinect that 

were mounted to form a tringle. Other sensors like leap 

motion were mounted beside the Head Mounted Display 

(HMD) and they were used to sense user’s hand movement. 

The software used was similar to the one used in the old setup 

with slight modification for instance it was running on 

Windows 10 instead of Linux Mint. 

III. PROPOSED SYSTEM 

The proposed system as shown in Fig. 5 used similar setup 

as the original system in Fig. 2. The main differences are the 

used of ultra-short throw projector, amount and type of sand 

used and the calibration 

parameters. 
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AR sandbox technically works as shown in Fig. 6. In the 

beginning, the Kinect 3D camera senses the changes in 

height and depth that are being made on the sand. The Kinect 

will then make an image of the topography map of the box. 

This map data will be sent to the computer ARSAND 

software that will analyses it and sketch a colour-elevated 

map ranging from blue representing sea level or bottom of 

the box to dark red representing tip of the mountains/heights. 

This sketch will then be sent to the projector that will project 

it on the sandbox with precise contour lines according to the 

elevation of the heights formed earlier. 

 

 

A. Ultra-Short Throw Projector 

In general, there are three kind of projectors and their 

throw distances that makes up the difference between their 

functionality and purpose. Table I shows the projectors and 

their corresponding throw distances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5:  The proposed physical setup 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6:  AR sandbox working process flowchart 

TABLE I.  PROJECTORS TYPES AND CHARACTERISTICS 

Projector Throw distance 

Standard or long throw (244-305 cm) 

Short throw  (90-120cm) 

Ultra-short throw  (8-50cm) 

 

Ideally, the projector recommended by the UC Davis setup 

is a short throw projector, as it is mounted within the distance 

of 1 meter above the surface of the sand and its ability to 

project vertically makes it a perfect candidate for this kind of 

projects. However, in this project, an ultra-short throw 

projector was used given its availability and to compromise 

the cost of the project. 

 In this project the problem faced with the ultra-short throw 

projectors is their non-vertical projection throw and the very 

short throw distance. The two mentioned above difficulties 

were eliminated by mounting the ultra-short throw projector 

on a side table and within 10-20 cm apart from the sand 

surface which gives it the required space needed for precise 

projection that could fit the box. The projector in Fig. 5 

shows an ultra-short projector while it is projecting on the 

side. 

B. Sand 

There are two main factors that should concern the 

developers when planning on what sand should be used for 

the project. Firstly, the sand should be of specific 

characteristics it has to reflect the 3D image projected on it 

thus it must be white, reflective and fine kind of sand. The 

recommended sand by UC Davis team is a play ‘Sandtastik’ 

sand. Given its availability and low price in the USA makes a 

perfect fit for their project. In Malaysia where this project is 

being developed the recommended sand was hardly available 

and if available, they are very expensive due to the shipment 

fees. All these factors have triggered the need for a 

replacement sand leading the development team to decide on 

a different brand of sand but carries the same main required 

characteristics. 

Secondly, is the health concerns considering the time spent 

while interacting with the sand and moulding it. Developers 

should worry about health consequences that might be caused 

from interacting with a dusty sand. The sand must be a silica 

free, non-toxic and dust free causing no health issues when 

inhaling and dealing with it in the long term. Table II shows 

a cost comparison between recommended sand and proposed 

sand. 

TABLE II.  COST OF RECOMMENDED AND PROPOSED 

SAND 

 

 

 

Recommended (Sandtastik) Proposed (Natural sand) 

Availability Cost Availabilit

y 

Cost 

Not 

available 

RM8356 for 

98Kg  

Available RM1586 for 

98Kg            
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C. Calibration Method 

The measurements that have been extracted from the 

system calibration such as base plane and the position of the 

four corners should be saved into a file of type text. When 

running the ARSAND software for the first time the data in 

this file should be provided to the software. This data will 

help in calculating a precise topography. 

Table III shows the base of the box plane equation, where 

(-113) represents the sea level that was introduced to the 

Kinect sensors in order to comply with the hardware 

components available. The other three measurements 

represent the (x, y, z) positions of the box base with respect 

to the Kinect. 

 

 

 

 

 

 

TABLE III.  BASE PLANE EQUATIONS 

x, y, x position of the box base Sea Level 

  (0.0745142, -0.100165, 0.992177) -113.874 

 

 Fig. 7 shows the positions of the four corners that were 

introduced to the Kinect. Theses corners were measured 

within the Ultra-short throw projected region. This change of 

the corner positions is what led to obtaining more accurate 

results. The corners have been measured in the following 

order (1 lower left – 2 lower right) then (3 upper right – 4 

upper left). 

 

 
 

Fig. 7: Measurement of the four corners positions on the (x, 

y, z) axis 

 

Modification has been made on the calibration method that 

is recommended and used by UC Davis development team. 

For the sake of simplicity, UC Davis method will be called 

Method (1). This modification has yielded to a more accurate 

result. This accuracy in results was not due to UC Davis 

method imperfections or limitations but rather the 

differences in the hardware components and the proposed 

physical setup. It was noticeable that the hardware 

components and the physical setup used in theses project 

were developed according to UC Davis recommendations.  In 

another word Method (1) or UC Davis method works only 

when the hardware components and the physical setup are 

exactly as recommended by them. Due to the unavailability of 

the hardware components in this project a modification to the 

whole process was needed leading to a new calibration 

method or Method (2).  

In this method the development team introduced four 

different corner positions. The positions were defined at the 

corner of the projection region given the ultra-short throw 

projector was not fully projecting within the physical interior 

of the box. Table IV shows the base plane equation obtained 

using Method (1) and Method (2) 

TABLE IV.  BASE PLANE EQUATIONS 

Method 1 (0.0658745, - 0.101587, 0.9845111), -122.958  

Method 2 (0.0745142, -0.100165, 0.992177), -113.874 

 

After multiple tests and experiments, the base plane 

equation obtained using Method (2) found to be very precise 

and suitable for this project. Using it as an input to the 3D 

camera sensor has shown a significant improvement in 

comparison with Method (1).  Using the index (-113.874) as 

sea level index has provided more accurate results. Any 

minor change that falls within the range ( -110 to -115) on 

the sea level index could cause the sea level to shift up or 

down according to the change, however, any major change 

that does not falls within the safe range could cause total 

distortion and provide the user with wrong results. 

 

Table V shows the difference in the corners positions 

obtained using Method (1) and Method (2). These four 

corners have changed in order to match the region where 

Ultra-short throw projector is projecting. Fig. 8 shows the 

projection region of the projector where it is not fully 

covering the entire interior of the box. 

TABLE V.  CORNERS POSITIONS OF METHOD (1) AND 

METHOD (2)  

 

 
       Fig.  8: The projection region is not fully covering the entire box 

 

IV. RESULTS AND DISCUSSIONS 

A. Calibration method results 

The position of ideal Four corner or Method (1) as in Table 

IV has provided wrong results as it can be seen in Fig. 9.  

 

 

 

Corner’s 

position  

Method (1) Method (2) 

Lower 

left 

X Y Z X Y Z 

-42.35 35.72 -105.56 -40.29 32.62 103.45 

Lower 

right 

X Y Z X Y Z 

50.13 -30.29 101.59 52.30 -33.21 103.45 

Upper 

right 

X Y Z X Y Z 

-34.59 31.60 -102.88 -37.53 37.46 -107.78 

Upper 

left 

X Y Z X Y Z 

59.78 46.87 -113.36 56.14 -40.88 116.93 
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Sea level is covering the entire box and contour lines are of 

non-uniform shape, elevated map is not ranging in colour 

from blue to red but rather cover all in blue. 

Results in Fig. 9 are to be improved as the calibration is not 

suitable and not functioning correctly given the entire box is 

covered with only blue colour simulating only water. This 

method has failed to reflect contour lines ranging in colours 

from cold blue to warm red according to the highest of the 

sand. Fig. 10 shows the improved results obtained from the 

proposed method (Method (2)). 

Video of the proposed ARSAND can be viewed at the 

following link https://youtu.be/H7HMBmI37aE. 

B. Water Simulation 

Users can observe that water has been successfully 

simulated with the use of the AR sandbox software. After 

running the AR sandbox software and projecting the 

topographical map on the sandbox a user can simulate water 

in two ways.  

First way by placing their hand at a certain height from the 

sand. Modification has been added to the software library to 

recognize the hand as an object needed to simulate water at a 

lower distance than the default one given the sandbox in this 

project is not filled up entirely. The second way is by using 

the graphical user interface (GUI) of the software itself as it 

provides a tool called (manage water locally) and it works by 

allowing the user to assign a keyboard button to rain where 

the mouse cursor is placed on the box. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9:  Results obtained from Method (1) 

 

 
Fig.10:  Results obtained from proposed method 

C. Larva Simulation 

Fig. 11 shows lava simulation sandbox view and monitor 

view respectively. Lava was simulated by extensively 

modifying the programming library used to simulate water, 

altering the colour and the shape of the water so it would 

mimic lava. The real time simulation can be done exactly the 

same ways as the water, either by placing the hand at a 

certain distance from the sandbox or placing the mouse 

cursor where lava is needed.  

The project successfully able to simulate lava given its 

importance in geoscience and considering the study of 

volcano is of major research. 

 

 

 

 
                                    Fig.11: Lava simulation 

V. CONCLUSION 

The proposed scaled version of ARSAND is able to 

perform basic functions of the original ARSAND such as 

simulating real-world terrain by having the elevated contour 

map coloured and drawn correctly according to the height of 

the sand. Water and additionally larva simulation are also 

successfully simulated using the proposed ARSAND, 

although ultra-short throw projector is used. Future work 

includes adding a short throw projector and mounting it on 

top of the sandbox that will make it project exactly within the 

four corners of the box and that will yield to even better 

results.  

 

 

https://youtu.be/H7HMBmI37aE
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