
Method
The utilisation of an image-processing technique, known as style-transfer, is investigated for its potential to 
improve the realism of a silicone ultrasound simulator. Style transfer is a technique where a CNN is trained to 
apply the style from a chosen image onto other images  [4]. More precisely, style transfer aims to combine a 
content image (C) and a style image (S), to produce an output image (O) combining the features of the content 
image and the style of the style image. In the context of surgical simulation, it can apply the style from a picture 
of surgery on the video frames taken by the endoscopic camera during the simulation, resulting in a more 
realistic simulation practice.
In this research, a CNN is trained on the COCO database to implement styles from images of surgery onto the 

simulation. The algorithm is trained to optimise the content loss  Lcontent C, O = 1
2 ∑i, j Fij C − Fij O

2
and the style 

loss  Lstyle S, O = ∑ij Gij S −Gij O
2

between the input images and the output image, where Fij is the filter from an 

image recognition CNN at the position (i,j), and G is the Gram matrix of the image. 

Result

Results shows that this method can implement the style of real images from surgery onto a silicone-based model 
to improve its appearance. The algorithm works in real-time to process 480x640 frames using a NVIDIA RTX 3090 
graphic card and an Intel® Core™ i9 Ten-Core Processor i9-10900K CPU, allowing its use in a simulation practice. 
The algorithm not only modifies the colours of the images to make them look more realistic, it also  modifies the 
appearance of small details such as the blood vessels.
One of the limitations of the simulator is that the speed of sound in the silicone is around 1000m/s instead of 
1540m/s in the tissues; as a result, the ultrasound images of the simulator are deformed, requiring further image 
processing to correct the dimensions. 

Can style transfer improve the realism of the simulation of 
laparoscopic bile duct exploration using ultrasound? 
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Introduction
Surgical simulation has demonstrated its potential 
to improve surgeons’ performance through practice 
[1]. However, surgeons need to be engaged in a 
challenging way which can only be achieved 
through realistic practices. There are several types 
of surgical simulators, including physical simulators, 
virtual-reality-based simulators, and hybrid 
simulators [2]. Physical simulators can provide 
tactile feedback, but are not very realistic-looking 
and can only provide a limited number of scenarios 
and anatomies. Virtual-reality presents more 
diversity of scenarios and pathologies but the 
tactile feedback is limited. Hybrid simulations aims 
to combine both methods to provide better 
training.
The aim of this research project is to develop a 
hybrid simulator for laparoscopic bile duct 
exploration using ultrasound. To our knowledge, 
there is no satisfying simulator able to teach the 
challenging steps of this surgery, such as suturing of 
the bile duct and intra-operative ultrasounds. The 
simulator needs to feel realistic when the surgeons 
suture the bile duct and to be ultrasound-visible to 
allow for radiographic examination. This work 
focuses on developing a simulator using ultrasound 
visible materials. Most ultrasound simulators are 
gel-based resulting in a low-shelf-life, or are made 
of silicones which have a longer shelf-life but do not 
look as realistic [3]; however, during a laparoscopy, 
the surgeon can only observe the surgery through a 
camera, for this reason, it is possible to enhance the 
visual realism through images processing of the 
video. 

Discussion
The figure shows the potential of using image 
processing to improve the aspect of medical 
ultrasound and medical endoscopic images; 
however, the generalisation of this technique can 
be limited because of the technology used to 
perform the ultrasound examination. If the 
ultrasound probe is connected to a computer, then 
the image can be processed using the algorithm; 
but if the image is displayed on a monitor made 
especially for the ultrasound, then processing the 
image could prove to be more difficult and 
challenging because the software of the ultrasound 
monitor would need to be modified directly. The 
image processing also requires a computer 
powerful enough to process the images in real-
time.
The surgical practice is a dynamic process and for 
this reason the algorithm needs to be able to 
process a video and not just an image. To avoid 
temporal inconsistencies, the CNN should also be 
trained to minimise a temporal loss between two 
following output frames. Previous researches 
describe style transfer for videos [5].
Previous researches also demonstrate the potential 
of image processing techniques to enhance surgical 
simulators [6,7], using style transfer or image-to-
image translation.

Conclusion & Future Work
Style transfer has potential to improve the realism 
of physical simulator for laparoscopic surgeries; 
however, its generalisation can be complicated by 
technical limitations. Further work would include an 
evaluation of the outcome by surgeons. 
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