
  
 
 
Technology Offer 
Insight: Haptic Sensor with Camera and Machine Learning  
File no.: MI-0104-5981-GÖ-IT 
Background 
Robots need detailed haptic sensing that covers their complex surfaces to learn 
effective behaviors in unstructured environments. However, state-of-the-art 
sensors tend to focus on improving precision and sensitivity, increasing texel 
density, or enlarging the sensed area rather than prioritizing system robustness 
and the usability of the sensed haptic information.  

Technology 

 
Insight supplies the host robot with a directional force-distribution map over its entire conical sensing surface. 
It uses an internal monocular camera, photometric stereo and structured light to detect the 3D deformation of 
the easily replaceable flexible outer shell, which is molded in a single layer over a stiff frame to guarantee 
sensitivity, robustness, and a soft contact surface. The force information is inferred by a deep-neural-network-
based machine-learning method that maps images to the spatial distribution of 3D contact force (normal and 
shear), including numerous distinct contacts with widely varying contact areas. 
 
Extensive experiments show that Insight has an overall spatial resolution of 0.4 mm, force magnitude accuracy 
around 0.03 N, and force direction accuracy around 5 degrees over a range of 0.03-2 N. It is sensitive enough 
to feel its own orientation relative to gravity, and its tactile fovea can be used to sense object shapes. The 
presented hardware and software design concepts can be extended to achieve robust and usable tactile 
sensing on a wide variety of robot parts with different shapes and sensing requirements. Ongoing work aims 
to reduce Insight's size, increase its framerate, and add other haptic sensing modalities such as vibration. 

Applications & Advantages 

• Robot hands, legs and effectors, haptic applications 
• Small sized, soft and robust  
• Camera based and low-cost 
• High spatial resolution & force accuracy 

Patent Information 
Sensor: PCT patent application PCT/EP2021/050230, regionalized & pending in EU, USA, CN, JP, KR  

Force Inference: PCT patent application PCT/EP2021/050231, pending in EU, USA, CN, JP, KR 
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