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INTRODUCTION

Robot-assisted minimally invasive surgery (RAMIS) of-
fers advantages over traditional methods, including greater
precision, reduced scarring, and faster recovery. The next
shift in surgical practice will likely involve increased
robotic autonomy to support surgeons and reduce cogni-
tive load [5], [2], [10]. RAMIS surgical procedures often
use three arms, with only two actively controlled by the
surgeon; the third often holds an auxillary tool (retractor,
suction, etc.). Four-arm setups allow for dual-operator
procedures, depending on surgical requirements [12], [11].
These extra arms present opportunities for autonomous
task execution.

Blood suction is a repetitive yet vital task that can
disrupt workflow and increase cognitive demand when
performed manually [1], [13]. Bleeding obscures the sur-
gical field, requiring the surgeon to pause, suction the
blood, and ligate the source. Autonomous blood detection
and suctioning can streamline this process. Prior work
has explored haemostasis and blood detection [4], [8], as
well as planning suction paths [9]. Reinforcement learning
has also been applied to automate suctioning [6], though
optimal trajectory evaluation remains underexplored. We
present and analyse four strategies for clearing blood pools
to identify the most effective approach.

MATERIALS AND METHODS
A. Simulation Framework

In this work, we utilised CRESSim [7]—a Unity-based
surgical simulation platform specifically designed for min-
imally invasive procedures. CRESSim provides realistic
soft body dynamics and particle-based fluid simulation,
as well as ROS support for the da Vinci Research Kit [3],
making it well-suited for modelling surgical blood flow
and suction interactions.
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Fig. 1: Blood suction experimental setup in Unity.
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Fig. 2: Suction trajectories: (a) Global Zigzag, (b) Adap-
tive Zigzag, (c) Centroid Follower, and (d) Inward Spiral.

B. Vision System and Depth Estimation

A stereo camera setup was implemented in Unity using
two virtual cameras at a fixed baseline, each publishing
RGB images to separate ROS2 topics (Fig. 1). Blood
detection used HSV thresholding via OpenCV to generate
a binary mask highlighting the largest blood pool. Key
metrics—size, centroid, and perimeter—were extracted
using OpenCV’s blob detector.

C. Control Algorithms

Previous work in autonomous blood suction uses pre-
trained models or simple linear trajectories to clear blood,
focusing more centrally on the assistive aspect of the
robot. In this work we examine trajectories for covering
areas of blood to demonstrate which are more effective
for the particular scenario. Four control strategies were
implemented, for their relative simplicity in the XY plane
as well as making use of relatively straightforward com-
puter vision methods like colour-based image segmen-
tation.The strategies were Global Zigzag (Baseline): A
raster path covering the entire surgical field, Adaptive
Zigzag: Focuses on the bounding box around blood, Cen-
troid Follower: Tracks and moves to the blood centroid,
and Inward Spiral: Follows the outer contour of the blob,
which shrinks as blood is suctioned away. The strategies
are illustrated in Fig. 2.

D. Experimental Evaluation

A volume of ~100 ml (8000 particles of blood, each
with 1 mm radius) was dropped into the "Fleshbox", a 200
mm by 200 mm box for evaluating algorithm performance,
and allowed to pool for 5 s, then a suctioning strategy was
engaged. Blood removal efficiency for each algorithm was
quantified using pixel-based volume estimates published
via ROS2. The controllers servoed the suction end effector
in X and Y, while maintaining a constant Z position. The
blood remaining in the Fleshbox was recorded during the
suction task. Each strategy had one run, with the results
reported below.
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Fig. 3: Percentage blood remaining during suction over
time for the four strategies assessed.

I. RESULTS

The blood-remaining-over-time results reveal distinct
performance trends across suction strategies. The Global
Zigzag provided steady but slow clearance by covering the
entire surface, lacking efficiency due to its disregard for
blood location (Fig. 3 a). Adaptive Zigzag improved on
this by limiting coverage to the blood region, achieving
faster and more targeted suction (Fig. 3 b). The Centroid
Follower initially reduced blood volume quickly by target-
ing the largest pool, but would stall as the blood dispersed,
highlighting its dependence on dominant blobs (Fig. 3 c).
The Inward Spiral proved most effective overall, adapting
well to blood shape and concentrating on the evolving
centre in a shorter time (Fig. 3 d). While Adaptive Zigzag
ended with 0% blood remaining, however in half the time
the Inward Spiral strategy achieved 0.025% remaining.
Due to surface variation and fixed Z-height, the Inward
Spiral offered the best balance of early and sustained
performance. Global Zigzag had 17.2% remaining, and
Centroid Follower had 0.6% remaining, showing promise
in more complex suctioning strategies.

CONCLUSIONS AND DISCUSSION

This work presents four blood suction strategies in
a robotic suction simulation platform with a simulated
da Vinci surgical robot arm. The Inward Spiral method
emerged as the most effective, efficiently tracking the outer
boundary of the blood pool and adapting well as the pool
shape evolved. Furthermore, the Centroid Follower and
Inward Spiral strategies are the most promising for han-
dling multiple or splitting pools, which will be necessary
for a more clinically relevant system. Compared to recent
research works, our work contributes trajectory evaluation
metrics to the task of automated blood suction.

Future work will focus on refining the depth query
system to enable Z positioning, allowing full 3D actu-
ation across varied geometries. Transferring this work
to a real robot introduces several challenges, notably
achieving accurate spatial calibration between sim and
real, and detecting blood in varied lighting and tissue

scenarios. Stereo depth estimation is less reliable in real-
world surgical scenes due to reflective surfaces, fluid
motion, and occlusion. Exploring closed-loop suction tra-
jectories may enable minimising effects such as occlusion
of the surgeon’s view, or contact with the surgeon’s
instrument(s). Additionally, applying the suction strategies
to more anatomically representative scenes would better
integrate our work into the state-of-the-art.
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