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Abstract— Automating camera movement during robotassisted surgery has the potential to reduce burden on surgeons
and remove the need to manually move the camera. An important sub-problem is automatic viewpoint selection, proposing
camera poses that focus on important anatomical features at
the beginning of a task. We use the 6 DoF Stewart Platform
Research Kit (SPRK) to simulate camera movements and study
camera motion in surgical robotics. To provide demonstrations,
we link the platform’s control directly to the da Vinci Research
Kit (dVRK) master control system and allow control of the
platform using the same pedals and tools as a clinical movable
endoscope. We propose a probabilistic model that identifies
image features that “dwell” close to the camera’s focal point
in expert demonstrations. Our experiments consider a surgical
debridement scenario on silicone phantoms with foreign bodies
of varying color and shape. We evaluate the extent to which the
system correctly segments candidate debridement targets (box
accuracy) and correctly ranks those targets (rank accuracy).
For debridement of a single uniquely colored foreign body, the
box accuracy is 80% and the rank accuracy is 100% after
100 training data points. For debridement of multiple foreign
bodies of the same color, the box accuracy is 70.8% and the
rank accuracy is 100% after 100 training data points. For
debridement of foreign bodies with a particular shape, the box
accuracy is 70.5% and the rank accuracy is 90% after 100
training data points. A demonstration video is available at:
https://vimeo.com/260362958
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I. I NTRODUCTION
Camera positioning and movement is an important skill in
manual laparoscopic surgery [1–4], and robot-assisted laparoscopic surgery has the potential to facilitate partial automation
of camera control [1, 5–7] to free the surgeon’s hands to
concentrate on manipulating laparoscopic instruments such
as scissors, needle drivers, or electrocautery tools. A critical
sub-problem is automatic viewpoint selection, i.e., suggesting
camera angles and positions that center on important regions
at the beginning of a task. The viewpoint selection problem
complements existing literature on automated surgical camera
movement that focuses on local tracking models, which
center the camera around the positions of the tools or
follow surgeon eye-gaze [6]. We explore learning to identify
features of interest from endoscopic images viewed during
demonstrations performed by expert surgeons to yield a
predictive model that learns features of interest to guide
camera positioning.
We base our learning from demonstration (LfD) approach
on a probabilistic model that identifies anatomical features
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Fig. 1: We construct a debridement task with two colored Ethicon
Endo-Surgery phantom "foreign bodies" placed on a planar silicone
slab mounted on the SPRK. A surgical demonstrator is instructed to
center the camera on the blue foreign body, an example of which is
shown in the bottom two frames. The learning from demonstration
(LfD) method computes scores for each foreign body and learns a
model that captures this preference and synthesizes a viewpoint for
a novel scene.

that “dwell” close to the camera’s focal point during control
by an expert surgeon. We consider stereo planar camera
movements consisting of 2D pans with brightly colored
phantom anatomy to demonstrate this concept. The technique
first coarsely segments an endoscopic image into a set of
candidate bounding boxes. We track an expert surgeon’s
camera movements and score the bounding boxes by how
well they are centered in the camera’s field of view–bounding
boxes closer to the focal point are more relevant than those
that are further away. Using the inverse kinematics of the
movable camera, the bounding box can be converted into a
camera position. For camera trajectories with multiple targets,
a trajectory segmentation model is used to detect points at
which the camera is stationary. This scoring metric provides
a weak, noisy label which can be fed into a robust linear
regression model that predicts the score given features of
the anatomy in the bounding box. In a future procedure, this
regression model can be used to rank a set of candidate
bounding boxes by their relevance. An example output of the
model is illustrated in Figure 1.
Experimentally, we emulate a movable camera with a
physically fixed camera setup and use the 6 DoF SPRK
to translate the entire workspace [8]. Existing surgical robotic
cameras, such as the one used by the Intuitive Surgical’s
da Vinci, are cable-driven and consequently have imprecise
kinematics [9, 10]. The SPRK has a very particular kinematic
chain structure, namely, that the inverse kinematics are precise

