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Abstract 
During surgical palpation, fingers move freely over large surfaces as they are exposed to variations in texture, friction, slip, stiffness, surface 
deformation and so on. The vast majority of nowadays’ virtual reality trainers are operated through stylus-based haptic display systems. The fidelity 
of these systems, especially with respect to the rendering of palpation tasks, is limited as these devices literally force the operator to explore the 
virtual environment through mediation of an instrument. In this work we present the haptic desk a novel haptic display system that was designed 
especially to allow free and relative motion between the operator and the environment. This property is considered key to come to a more natural 
palpation interaction. Figure 1 provides an overview of a general haptic desk. The system is based on encountering technology. This means that it 
includes a haptic display that is programmed to only engage with the operator when the latter reaches/touches the virtual organ. When not 
contacting the organ there is no contact with the haptic device, hence free motion can be rendered perfectly. With such layout it is also possible to 
realize relative motion (slip) between finger and organ. To follow and anticipate the operator’s motion the pose of the finger must be tracked. In 
this work we discuss the haptic desk that was built at our department and describe some user experiments that were conducted confirming the 
feasibility and performance of palpation through the novel display system. 
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1. Introduction 

Virtual Reality (VR) takes in an increasingly prominent role in 
modern surgical training programs. Its use is in-line with the 
3R-philosophy aiming to maximally replace, reduce and refine 
animal experiments. It allows repeated and consistent 
experiments offering objective skill assessment of the trainee. 
Rare, exotic, patient-specific interventions can be scheduled as 
well. The fidelity of the VR representation is essential for 
acquiring appropriate surgical skills. Here, the importance of 
haptic feedback has been recognised from an early stage. 
Palpation is a technique that relies heavily on physical 
interaction with the tissue. Through rubbing, indenting or 
pinching clinicians try to estimate the consistency and nature of 
underlying tissue. Through this understanding they will plan 
subsequent surgical actions [1]. Hence high-quality haptic 
feedback is crucial if one wants to train this particular medical 
skill in virtual reality. Nevertheless due to the complex nature 
of the interaction virtual reality palpation training has only 
received little attention in the research field so far. Typical 
works like [2,3] employ stylus-based interfaces that are used to 
train minimal invasive surgical interventions. As such they fail 
short in capturing essential characteristic palpation responses 
where fingers move freely over large surfaces, slipping, 
indenting and pinching them. Therefore these systems can be 
expected to only possess limited educational or training value. 
Liu [4] proposes to spatially-distributed haptics that render 
over the length of a line. This paper presents a display for 
rendering unhindered interaction over large surfaces of virtual 
objects. Users can freely interact with these surfaces. 

2. Concept of a large area haptic display  

To train manual palpation a trainee should be allowed to scan 
and indent freely over large areas. The proposed haptic desk is 

depicted in Fig. 1. The system consists of an in-house 
developed kinaesthetic display, LoTESS [5]. A black 
polyethylene fabric is tensioned within an aluminium frame 
between the encoun-tering display and the user. Optical 
markers are attached to the frame and to the user's index 
finger by means of a ring. The different markers are tracked by 
a Polaris® tracker from NDI. The tracking system reads in the 
position of reflective markers at a rate of 20 Hz with an 
accuracy below 1 mm. The surface of a virtual object that is to 
be rendered is aligned with the plane of the polyethylene 
fabric. The haptic display follows the user finger's projection [6] 
upon this surface and is equipped with a force transducer for 
the impedance control. It starts rendering targeted impedances 
when the user comes into contact and moves over or inside the 
surface. The result is a 2½ D-display covering a large 2D area 
and somewhat limited but workable (±2/±3 centimetres) 
movement perpendicular to the surface. 

3. Palpation control  

Two main phases can be distinguished in the control of the 
encountering display, i.e. the encounter/retract phase and the 
interaction phase where the display is in contact with the 
operator's finger and replicates the feeling of natural palpation. 
The control developed during both phases is explained next, 
making use of the different coordinate frames associated to 
respectively the world {w}, the camera {cam}, the robot's base 
{b} and end-effector {ee}, the finger {f}, the screen {scr} and the 
projection of the finger upon the screen {proj}. 
   
3.1. Control during encounter/retract phase 

The position 𝒑𝑠𝑟𝑐
𝑓

 of the finger w.r.t. the screen is computed 
from measurements by the optical system measuring the finger 

position 𝒑𝑠𝑟𝑐
𝑓

 and the screen posture 𝑻𝑐𝑎𝑚
𝑠𝑐𝑟 , as: 

𝒑𝑠𝑐𝑟
𝑓

= 𝑻𝑇 𝒑𝑐𝑎𝑚
𝑓

𝑐𝑎𝑚
𝑠𝑐𝑟  
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Figure 1. A user is operating the haptic interface feeling the mechanical 
properties of the haptic surface. The figure defines the different 
reference frames and their interdependence. 

 
The frame {proj} parallel to {scr} represents the finger's proxy 

on the haptic screen / virtual object. It is obtained by simply 
projecting the origin of {f} onto the screen. During the 
encountering and retraction phase the robot end-effector is 
controlled in position. The end-effector pose 𝒑𝑤

𝑒𝑒  is controlled 

so that its projection on the screen coincides with 𝒑𝑤
𝑝𝑟𝑜𝑗

. The 
end-effector's distance to the surface expressed as 

𝒑𝑦 = − 𝒑𝑦𝑠𝑐𝑟
𝑓

𝑠𝑐𝑟
𝑒𝑒  when the finger comes closer than a threshold 

value Δr. The robot awaits the user and starts encountering 
when he/she comes closely. 
   
3.2. Control during interaction phase 

When in contact an impedance-controller [7] is switched to 

render the impedance 𝑍𝑑( 𝒑𝑤
𝑝𝑟𝑜𝑗

) = (𝒌𝑑 , 𝒄𝑑 , 𝒎𝑑) of a virtual 

object at position 𝒑𝑤
𝑝𝑟𝑜𝑗

. 

4. Experiments 

User experiments were conducted to assess the fidelity of the 
device. A set of 3 haptic maps was generated randomly. Each 
map has 3 nodules with different stiffness: k1 = 950 N/m, k2 = 
600 N/m, k3 = 300 N/m and σ1,2,3 = (15, 15) mm. The position of 
each point is generated randomly within an area of 120 mm x 
160 mm and so that a minimum distance exists between each 
pair of points to avoid overlap. 10 users participated to the 
experiments. The ages of the subjects range from 24 to 29 
years. One subject is left-handed, 20% of the subjects are 
female and 40% had previous experience with haptic devices. 
The users were asked to locate the 3 nodules of each map 
within 3 minutes. To find the points subjects had to explore the 
haptic surface palpating with a finger of their preferred hand. 
Prior to the test, users were allowed to learn on a set of 
training maps until they felt comfortable with the novel 
interface. When subjects indicated to have discovered a stiff-

ness-peak the 3D positions of the finger 𝒑𝑠𝑟𝑐
𝑓

 were recorded.  
Figure 2 displays the positions of these points on the plane of 

the screen for all the users and the three haptic maps. 

 
Figure 2. Haptic maps presented to the user during the experiments. 
Level lines of equal stiffness are depicted as well as the locations 
indicated by the users as being stiffness peaks. The mean and standard 
deviation of the estimated stiffness peaks are depicted per nodule. 

 
4.1. Discussion 

Different palpation strategies were followed. Some nuisance 
was reported when the membrane got stuck between the ring 
with the marker and the end-effector. New means of tracking 
technology are currently being explored to further improve the 
quality of the system. Overall, the opinion about the interface 
was very positive. Users found it easy to feel differences 
between stiffness values. The accuracy on localization skills 
that the users developed had a distance error of µerr = 9.6 mm 
and σ

2
err = 18.7 mm partially due to a few outliers. 

5. Conclusion 

A 2½D haptic screen which consists of an encountering-type 
robotic system is introduced. At contact varying impedance 
represents local stiffness values of the tissue to palpate 
without the need of a stylus. User experiments were conducted 
and demonstrated feasibility. Estimations of the users on 
finding nodules remain within 2/3 σ of the nodules. However, 
the perceived behaviour of the system is expected to improve 
with the use of high-end tracking systems such as Metris 
Krypton. 
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