
Acknowledgments 

 Units of force (N) 
 

 Sample Rate (10000 Hz) 
 

 Normal force 
 

 Tangential force 
 

 X-force 
 

 Y-force 
 

 Z-force 

 Units of speed (mm/s) 
 

 Units of position (mm) 
 

 Sample Rate (10000 Hz) 
 

 Absolute speed 
 

 X-position 
 

 Y-position 
 

 Z-position 

One Hundred Data-Driven Haptic  
Texture Models and Open-Source  

Methods for Rendering on 3D Objects 
 

Heather Culbertson, Juan José López Delgado,  
and Katherine J. Kuchenbecker 

Haptics Group, GRASP Laboratory, University of Pennsylvania 
 
  

 

This material is based upon work supported by the National Science Foundation 
under Grant No. 0845670. The first author was supported by research fellowships 
from the Department of Mechanical Engineering and Applied Mechanics of the 
University of Pennsylvania and the National Science Foundation Graduate Research 
Fellowship Program under Grant No. DGE-0822. 

Poster 11 

When you use a tool to touch real objects, the vibrations your fingertips experience 

distinctly convey important information about the physical interaction between the 

tooltip and the object surface. Unfortunately, the richness of these interaction cues is 

missing from many virtual environments, leading to a less satisfying and immersive 

experience. This paper and demo present our methods for creating haptic texture 

models from recorded data and our efforts to make the data and rendering methods 

available to the research community. 
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The toolkit includes two recorded data files for each texture (10 seconds each).  

The data files were used to create the texture and friction models. 

At present there is no straightforward way for haptic texture researchers to compare 

and validate their modeling and rendering methods. To fulfill this need, we have 

developed the Penn Haptic Texture Toolkit (HaTT), which consists of haptic texture 

and friction models of 100 materials, the original data used to create the texture and 

friction models, and images of the materials. Additionally we have included the code 

and methods necessary to render these textures using a SensAble Phantom Omni, 

which allows others to incorporate our haptic textures into their virtual environments.  

 The experimenter recorded the feel of each surface 
by touching it with a custom recording device. 
Using natural motions without constraints on 
normal force and scanning speed. 
 

 The custom recording device measures three axes 
of tool position, orientation, contact force, and 
high-frequency acceleration. 

Magnetic motion tracking sensor (TrakSTAR) 

Six axis force/torque sensor (Nano17) 

Two two-axis accelerometers (ADXL321, ±18 g) 
 

 The power and frequency content of the 
acceleration signals vary greatly depending on the 
normal force and scanning speed used during data 
capture. Consequently, the experimenter 
attempted to vary normal force and scanning 
speed to capture the behavior of the tool-surface 
system under a wide variety of interaction 
conditions. 

 Texture force (Ft) 
Acceleration signal is synthesized 
using the AR models and the user’s 
current normal force and scanning 
speed. White Gaussian noise is 
pushed through the interpolated 
model. 
Acceleration is converted to force by 
scaling by the effective mass of the 
handle and the user’s hand. 
Texture vector (  ) is perpendicular 
to both the normal vector (  ) and 
the friction vector (   ). 
 

 Forces are displayed along three 
orthogonal unit vectors. 

 

 Normal force (Fn) 
Provides the general shape and 
hardness of the sphere. 
Follows a Hooke’s law relationship to 
the proxy’s penetration depth. 

 

 Friction force (Ff) 
Controls the slipperiness of the surface 
Coulomb friction model  
μk is fit from recorded force data 

 

 The acceleration signal is not stationary. 

Segmented using the Auto-PARM 

segmenting algorithm. 

Modeled as a piecewise autoregressive 

(AR) process. 

 AR models are labeled with force and 

speed used during that segment. 

 

 Models are stored in a Delaunay 
triangulation as a function of normal 
force and scanning speed. 

 

 A rectangular convex hull is added by 
adding models at zero force, zero 
speed, maximum modeled force, and 
maximum modeled speed. 

 Two versions of the models are given 
to render at sampling rates of either 
10 kHz or 1 kHz. 

 

 Models can be resampled to render 
textures at other sampling rates less 
than 10 kHz. 

 

Resampling code included in toolkit. 
 

Resampled AR models are trans-
formed to autoregressive moving-
average (ARMA) models due to the 
zero-order hold on the inputs. 

 

 Information included for each model: 

Model speed 

Model force 

Model variance 

Array of AR coefficients 

Array of AR line spectral frequencies 

Array of MA coefficients 

Array of MA line spectral frequencies 

Gain of MA coefficients 
 

 HTML file for each texture is included 

for visualization of the model sets. 

 Based on OpenHaptics 3.0 using the 
Haptic Device API (HDAPI). 

 

 1000 Hz haptic loop. 
 

 Textures mapped to sphere. 
Image of texture stored as a bitmap. 

 

 Tested using SensAble Phantom Omni. 
 

 Code available for Linux and Windows 
computers. 

 

 Boost Random Number Library is 
needed to generate excitation signal. 

Rendering Code 

 The toolkit is available for public download at 
http://repository.upenn.edu/meam_papers/299/ 

 

 The toolkit is under copyright from the University of 
Pennsylvania. The use, copy, and modification of files 
included in the toolkit are allowed for non-profit research 
purposes. 
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