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Abstract— Robotic laparoscopic surgery has gained increas-
ing attention in recent years for its potential to deliver more
efficient and precise minimally invasive procedures. However,
adoption of surgical robotic platforms remains largely confined
to high-resource medical centers, exacerbating healthcare dis-
parities in rural and low-resource regions. To close this gap, a
range of solutions has been explored, from remote mentorship
to fully remote telesurgery. Yet, the practical deployment of
surgical robotic systems to underserved communities remains
an unsolved challenge. Humanoid systems offer a promising
path toward deployability, as they can directly operate in
environments designed for humans without extensive infras-
tructure modifications – including operating rooms. In this
work, we introduce LapSurgie, the first humanoid-robot-based
laparoscopic teleoperation framework. The system leverages
an inverse-mapping strategy for manual-wristed laparoscopic
instruments that abides to remote center-of-motion constraints,
enabling precise hand-to-tool control of off-the-shelf surgical
laparoscopic tools without additional setup requirements. A
control console equipped with a stereo vision system provides
real-time visual feedback. Finally, a comprehensive user study
across platforms demonstrates the effectiveness of the proposed
framework and provides initial evidence for the feasibility of
deploying humanoid robots in laparoscopic procedures.

I. INTRODUCTION

Minimally invasive surgery (MIS), particularly laparo-

scopic surgery, has revolutionized modern surgical practice

by significantly reducing patient trauma, postoperative pain,

and recovery time compared to traditional open procedures

[1]. Based on this, robot-assisted laparoscopic surgeries have

drawn growing attention from researchers and surgeons for

their potential to help reduce long-term operating fatigue

[2], improve visual feedback [3], provide extra dexterity and

precision of motion [4], and enable remote control capabil-

ities [5]. However, surgical robot platforms have significant

limitations as well, from million-dollar price tags [6], [7],

to large footprints [8], [9], significant training requirements

[10], complex physical setups [11], and requirements for

specialized rooms and management of surrounding equip-

ment to accommodate the robot [12]. All of these factors

lead to the high capital, special training for personnel, deep

facility resources, and time costs to a hospital. Ultimately,

few surgeons specialized in robotic surgery are accessible
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Fig. 1: Surgeons teleoperate humanoid robots to conduct

surgical tasks. The proposed framework integrates direct con-

trol of manual laparoscopic instruments with remote center

of motion (RCM) constraints and stereo vision feedback,

enabling flexible deployment across diverse surgical settings.

outside of large metropolitan hospitals, leaving patients at

rural and low-resource hospitals and surgical centers without

access to robotic surgical care [13].

There have been efforts to utilize telementoring strategies

to provide intraoperative guidance from remote experts [14],

[15]. More ambitious attempts have explored fully remote

telesurgery [16], [17], [18], accompanied by engineering

solutions to mitigate the negative effects of latency, such

as motion scaling [19], [20], [21] and predictive displays

[22], [23]. While these approaches directly address the

challenge of providing specialized surgical expertise in low-

resource settings, they overlook a more fundamental issue:

the practical deployment and integration of surgical robotic

systems themselves.

Humanoids, unlike surgical robots that are hyper-

specialized for a single application, offer broad versatility

due to their human-like form and compatibility with ex-

isting tools and environments. Their anthropomorphic de-

sign allows them to operate in hospitals without requiring

dedicated operating suites, extensive infrastructure changes,

or specialized equipment management [24]. In this way,

humanoids have the future potential to lower deployment

barriers and expand access to surgical robotic care, partic-

ularly in resource-limited or decentralized settings where

conventional systems are impractical. At the same time,

as general-purpose platforms, humanoids face the classic

“jack-of-all-trades but master of none” dilemma, making
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Fig. 2: The overview of the humanoid-based laparoscopic framework. The target tool pose Ptt is mapped from the control

console handles and used as input for inverse-mapping control of manual laparoscopic instruments. An endoscope is mounted

to provide real-time visual feedback, which is rendered through a stereo display to the operator during the procedure.

it essential to identify domains where their adaptability

provides unique value over bespoke systems. Recent work

has explored humanoid teleoperation in a variety of domains

[25], [26], [27], [28], yet their role in surgery remains

unexplored. To date, humanoids have never been deployed

in real clinical operations.

To explore the potential of humanoid-based laparoscopic

surgery, we introduce LapSurgie – the first framework en-

abling humanoid robots to perform laparoscopic procedures.

The goal of this work is to investigate whether a general-

purpose humanoid can support robot-assisted MIS without

relying on specialized systems such as the da Vinci Surgical

System. Our teleoperation setup uses a G1 humanoid robot

grasping commercially available laparoscopic instruments,

controlled through the Master Tool Manipulators (MTMs) of

the da Vinci Research Kit (dVRK) [29]. These commercially

available instruments include wrist degrees of freedom that

are atypical and very difficult to use without extensive train-

ing, but that essentially reproduce the dexterity of robotic

tools. By leveraging wristed laparoscopic tools and stereo

vision, LapSurgie resolves a nontrivial mapping from human

hand and finger motions to scaled, remapped, and wristed

instrument control, thereby replicating the key benefits of

conventional MIS robots.

To assess feasibility, we conduct a comparative user study

across three conditions—manual laparoscopy, the dVRK

surgical platform, and the humanoid system. The results

provide initial evidence that humanoid robots can safely

and effectively serve as a platform for laparoscopic surgery,

opening a pathway toward deployable and flexible robotic

surgical assistance.

II. RELATED WORKS

A. Robotics-Assisted Surgery

Robotic assistance has significantly advanced MIS, im-

proving precision, reducing surgeon fatigue, and acceler-

ating recovery times [30]. Surveys detail evolving trends

in robotic MIS, including modular systems and emerging

platforms in development [31]. The da Vinci Research Kit

(dVRK) has catalyzed academic innovation in algorithmic

control, skill benchmarking, and autonomy research [29].

Noteworthy progress includes improved surgical scene un-

derstanding [32], [33] and autonomous subtask execution

in surgery[34], [35]. Investigations in emergency robotic

surgery applications and enhanced dexterity via wristed

instruments further underscore MIS innovation [36], [37].

Despite these advances, high costs, space constraints, and

training requirements hinder widespread access, especially

in resource-limited settings.

B. Humanoid Telemanipulation

Humanoids—designed for broad use—can adapt to

human-centric environments such as hospitals without ex-

tensive infrastructure changes [24]. Recent breakthroughs in

teleoperation have improved the fidelity and accessibility

of humanoid control. For example, [25] achieves real-time

whole-body control using only an RGB camera, while [38]

allows multiple teleoperation modes and autonomy via GPT-

4 integration. [39] introduces closed-loop, mixture-of-experts
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Fig. 3: A coupling mount for a non-robotic laparoscopic

instruments was created. This enabled the humanoid to

operate the suite of wristed instruments directly, without

modifications, enhancing the system’s generalizability across

different laparoscopic needs. In this paper we used two types

graspers developed by ArtiSential, held by the same mount.

control to enable long-horizon, drift-resistant humanoid tele-

operation. Other work is exploring haptic teleoperation for

strength-intensive tasks [40] and contact manipulation via

deep tactile perception [41]. Although humanoid use in clin-

ical operations (e.g., auscultation, palpation) has been tenta-

tively explored [24], humanoid-assisted laparoscopic surgery

remains uncharted, marking a compelling opportunity for

investigation[42].

III. METHODOLOGY

The proposed framework overview is illustrated in Fig.2.

At its core, the control console is integrated with an inverse-

mapping control strategy for manual wristed laparoscopic

instruments, enabling precise hand-to-tool control mapping.

A remote center of motion constraint on top of this in-

verse mapping is applied to ensure keyhole positioning is

unaffected by robot manipulation of the instruments. By

coupling this natural manipulation paradigm with stereo

vision feedback, the framework fully exploits the dexterity

of humanoids while maintaining the intuitive ergonomics of

conventional surgical robotic teleoperation. In the follow-

ing sections, III-A covers the development of the whole

system, and III-B details the derivation of general laparo-

scopic tools’ inverse mapping control with Remote-Center-

of-Motion (RCM) constraint.

A. Humanoid Laparoscopic Teleoperation System

As illustrated in Fig.2, this framework mounts two MTM

modules [29] on a lightweight mobile platform to serve as

the system’s control interface. The proposed design inte-

grates all essential control components, including the control

workstation, MTM modules, foot pedals, and stereo vision

unit into a single compact platform. The vision module

incorporates a dual-1920p endoscopic camera and a GOOVIS

G3 Max head-mounted stereo display, enabling immersive

visual feedback for laparoscopic procedures.

On the humanoid side, the endoscope is mounted in front

of the humanoid and streamed to the remote user to provide

realistic laparoscopic views and real-time visual feedback.

To enable the manipulation of general, non-robotic laparo-

scopic tools, we design a custom mount compatible with

Fig. 4: (a) The non-actuated laparoscopic tool consists of

three main links from 1 to 3. We use three coordinate

frames and RCM position in space to define the geometric

connections of these components. The handle 1 and handle

2 frames are attached to link 1 and 3, respectively, and both

are placed on the joints. (b) Since conventional laparoscopic

tools are designed for human operation, the tool wrist motion

is fully controlled by the relative angles between each part.

the wristed laparoscopic instruments, enabling grasping and

full articulation of the wristed instruments without modifying

the original tools, as shown in Fig.3. The mount includes

an interface for secure attachment to the humanoid hand,

ensuring stability during manipulation, as shown in Fig.4.

Identical mounts are installed on both hands of the humanoid.

The forceps are actuated via a servo-driven fingers that

fit in the finger holes which open and close the laparoscopic

instrument jaws. It maps the MTM input range to 0–60° (with

60° denoting a fully open state) and streams angle commands

in real time to achieve precise grasper openness control.

Both control console and humanoid with instrument con-

trol is conducted via a ROS2 networked interface.

B. Inverse Mapping Control of Manual Laparoscopic Tools

In this work, ArtiSential’s bipolar fenestrated forceps is

used as the commercially available wristed laparoscopic

instrument. ArtiSential is FDA 510(k)-cleared and commer-

cialized by LivsMed; note that other wristed instruments are

also available. Part of the kinematic chain, as described be-

low, will involve understanding each instrument’s kinematics,

while establishing the RCM constraint will be instrument-

agnostic.

Integrating manually-wristed laparoscopic instruments into

robotic teleoperation typically introduces a much more com-

plex passive kinematic chain, since these instruments are

originally designed for direct human manipulation and lack

actively actuated joints. As a result, the entire kinematic

structure must be modeled based on the relative poses of

its components. We define all coordinate frames of the

instrument with respect to the robot base, as shown in Fig.4.

The robot end-effector, grasper, and "handle 1" frames are
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Fig. 5: The relative orientation of the non-actuated instrument

is modeled using two independent orthogonal rotations, θ1
and θ2, governed by both the handle pose and the RCM

position in space.

treated as a rigid body without relative motion.

To address this complexity, the passive geometry of the

instruments is modeled as illustrated in Fig.5. The variables

θ1 and θ2 denote the relative handle angles with respect to

the neutral position, while θ3 and θ4 are the relative angles

of the tool tip. Using forward kinematics of the humanoid

robot, the robot end-effector (wrist) pose is obtained as

Pee = fFK(q) ∈ R
4×4, (1)

where q is the robot joint configuration. The handle 1 pose

is obtained as

Ph1 = Pee
eeTh1, (2)

with eeTh1 ∈ R
4×4 being the fixed transform from the end-

effector to handle 1.

The RCM position xrcm ∈ R
3 is calibrated with ArUco

markers attached on the laparoscopy trainer board. Let l0
denote the distance from handle 2 to the RCM, and l12 the

offset between handles 1 and 2, both physically measured

directly from the tool. By the law of cosines, θ1 is computed

as

θ1 = arccos

(

l2
12

+ l2
0
− ∥xrcm − xh1∥

2

2l12l0

)

. (3)

The passive mechanism is further constrained by

∥xh1 − xh2∥= l12, ∥xrcm − xh2∥= l0, (4)

and the perpendicularity condition

(Rh1[0, 0, 1]
T ) · (xh1 − xh2)

T = 0. (5)

Solving these yields the handle 2 position:

xh2 = xh1 + l12 ·
n1 × (n1 × n2)

∥n1 × (n1 × n2)∥
, (6)

where

n1 = Rh1[0, 0, 1]
T , n2 = xrcm − xh1. (7)

Extending from handle 2 to the tool tip, the remaining chain

is treated as a rigid link with a known length l1:

xtt = xh2 +
l1

l0
(xrcm − xh2). (8)

With xh2 obtained, θ2 is given by

θ2 = arccos

(

v1 · v2

∥v1∥·∥v2∥

)

, (9)

where

v1 = xh1 − xh2, v2 = Rh1[1, 0, 0]
T . (10)

Finally, the tool tip orientation is recovered as

Rtt = Rh1 R(−θ′
2
)R(−θ′

1
)R(θ′

3
)R(θ′

4
), (11)

θ3 = kθ1, θ4 = kθ2, (12)

where the scaling factor k = 2 is found to be a gearing ratio

within the tool’s physical mechanism. The signed values θ′
1

and θ′
2

are defined by

θ′
1
=

(zh1 − zrcm)

∥zh1 − zrcm∥
· θ1, θ′

2
=

(v1 × v2) · n2

∥(v1 × v2) · n2∥
· θ2 (13)

Finally, the tool tip pose can be expressed as

Ptt =

[

Rtt ttt

0
⊤ 1

]

. (14)

This formulation models the extended kinematic chain

of manual wristed laparoscopic tools, allowing accurate

recovery of both the position and orientation of the tool tip.

Given a desired tool tip pose P′
tt ∈ SE(3) and RCM location

xrcm, the handle 1 pose Th1 ∈ SE(3) can be solved by

minimizing a weighted residual with soft joint angle limits.

A residual vector incorporating pose reprojection error and

passive angle limits is defined as

r(Ph1) =











wt(xtt − x
′
tt)

log
(

R
⊤
ttR

′
tt

)

wa ·max(0, |θ1|−θmax)

wa ·max(0, |θ2|−θmax)











, (15)

where xtt and Rtt denote the tool tip position and orientation

obtained from the current handle 1 pose Ph1. wt and wa are

the scale factors of each term. The angle limit θmax is set as

45 degrees as a mechanical constraint. The inverse mapped

handle 1 pose is solved by the Trust-Region Reflective (TRF)

algorithm with a linear loss function:

P
⋆
h1 = argmin

Ph1

L(r(Ph1)) . (16)

Thus, the target robot end-effector pose P
⋆
ee can be obtained

by adding a physical offset from handle 1 frame to the robot

wrist frame toffset:

P
⋆
ee = P

⋆
h1

[

I toffset

0
⊤ 1

]

. (17)
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Ring lifting Ring hand-off Ring placing Repeat for the back/front

Fig. 6: The user study task for each trial. It involves diverse tool motions and bi-manual operation, which presents high

demand of the manipulation accuracy.

Fig. 7: Experiment condition for the peg-transfer task. Straws

are placed below o-rings to provide grasping clearance.

IV. EXPERIMENTS

To thoroughly evaluate the performance of the proposed

system and investigate the potential of this paradigm, we

conduct a user study on the same task across three different

platforms: Humanoid, da Vinci Research Kit (dVRK), and

manual operation. For the humanoid and manual experi-

ments, the tasks are conducted within a laparoscopic trainer

box that enforces remote center of motion (RCM) constraints

(shown in Fig.2).

A. User Study Task

Following a similar pattern of [19], the task for each trial

is a standardized peg-transfer procedure. As illustrated in

Fig. 7, the experimental setup consists of a training board

with four pegs arranged in a square configuration, each

separated by 40 mm. Two rubber o-rings are placed on the

pegs as the task objects, with straws positioned beneath

them to provide sufficient grasping clearance from the board

surface. Each trial includes the following steps, as shown in

Fig.6.

1) Lift a rubber o-ring from either the front (back) left or

right peg using the corresponding arm.

2) Pass the o-ring to the other arm.

3) Place the o-ring on the opposite front (back) peg.

4) Repeat the same procedure for the back (front) pair of

pegs.

B. User study procedure

Each participant would go through a structured procedure

for the result recording:

Fig. 8: Participants performing laparoscopic operations with

the developed humanoid-based surgical framework.

TABLE I: Weighted error scores for different error types.

Error Type Weight

Failed pick up 2

Stretch ring on pegs 2

Stretch ring during hand-off 4

Drop ring (outside of pegs) 5

Collision (pegs & ground & tools) 3

Straw displacement 3

1) Pre-experiment: Prior to the official trials, all partici-

pants undergo a standardized training session to famil-

iarize themselves with each platform. For the robotic

systems, this includes approximately five minutes of

practice to learn the fundamental operations, such as

handle motion control, foot pedal usage, , the vision

module, as well as safety and cautions. For the manual

condition, participants spend an equivalent amount of

time practicing the basic manipulation of wristed la-

paroscopic tools. After the initial familiarization, each

participant completes the operation task twice before

proceeding to the official trials.

2) Trials & recording: After the pre-experiment train-

ing, participants conduct the official trials while the

recording starts. For each platform, the participants

perform the same operation task 8 times in total as

a good balance of obtaining informative performance

data and minimizing the effect of fatigue. For each

trial, participants’ operation performance and time are

recorded for evaluation. When recording each trial, the

timer starts as the tools touch the first ring. An example

of the operation is shown in Fig. 8.
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TABLE II: Per-trial weighted error and time statistics across novices and surgeons. p-values are from two-sided paired

t-tests. Humanoid platform achieves comparable operation accuracy with dVRK, while with longer completion times.

Weighted Error Time (s)

Group Platform mean ± std p vs. Manual p vs. dVRK mean ± std p vs. Manual p vs. dVRK

Novices Manual 7.91± 5.64 – 0.096 75.43± 32.66 – 0.006

Humanoid 5.49± 3.35 0.091 0.575 89.23± 38.91 0.220 8.46× 10
−5

dVRK 5.00± 2.83 0.096 – 45.37± 17.93 0.006 –

Surgeons Manual 4.25± 2.47 – 0.597 44.80± 9.30 – 0.022
Humanoid 2.44± 2.03 0.109 0.534 66.75± 15.92 0.434 0.368
dVRK 3.56± 3.80 0.597 – 39.16± 9.58 0.022 –

TABLE III: Error type occurrences per platform across all participants.

Platform Failed pick up Stretch ring on pegs Stretch ring during hand-off Drop ring Collision Straw displacement

dVRK 3.65± 2.14 0.88± 0.98 0.33± 0.94 0.38± 0.69 8.19± 5.20 0.64± 0.74

Humanoid 6.27± 5.22 3.35± 3.39 0.48± 0.65 1.22± 1.44 3.70± 4.03 0.34± 0.83

Manual 6.25± 4.86 6.16± 5.87 1.04± 1.17 0.74± 1.07 8.49± 6.22 0.31± 0.51

Fig. 9: Per-trial weighted error and completion time for novices (boxplots) and the red stars indicate the mean performance

of the surgeons. The observed error rates on the humanoid-based laparoscopic platform are on par with those observed from

the established dVRK system. However, the completion time of the Humanoid platform lags behind dVRK.

3) Platform rotation: Participants repeat step 1-2 on all

three platforms (Humanoid, dVRK, and manual) with

randomized orders. The trials of different platforms

were separated for each participants to minimize po-

tential performance degradation due to long operation

fatigue.

4) Evaluation metrics: In this study, there is no hard fail-

ure, instead the performance is evaluated by weighted

error scores and total time cost. As shown in Table I,

common operation error types are assigned corre-

sponding weights, including failed ring pick-up, ring

over-stretching on pegs or during hand-off, ring drops,

collisions during operation, and straw displacement.

After completing all the required operations, partici-

pants would fill out a post-experiment questionnaire to

evaluate their experience on three platforms. The TLX

[43] style questionnaire consists of the following terms

with a scale 1-10:

• Mental Demand – the level of mental effort re-

quired to complete the task.

• Physical Demand – the amount of physical effort

and fatigue experienced.

• Motion Accuracy – the perceived precision and

controllability of tool movements.

• Feedback Quality – the clarity and usefulness of

visual/control feedback during operation.

• Overall Performance – the participant’s overall

experience of the task execution.

V. RESULTS AND DISCUSSION

A total of 14 participants took part in the user study,

including 2 professional surgeons and 12 novices who had

not received any surgical operation training previously.

A. Performance evaluation

The statistics of both groups’ performance across plat-

forms are presented in the Table II, which includes the per-

trial weighted error scores and operation times. The boxplot

distribution is shown in Fig.9. Additionally, each error type’s

occurrences are reported in Table III for more straightforward

comparison.

In the novices group, dVRK platform achieves the low-

est average weighted error and the fastest execution time.

Manual operation performance, while relatively fast (78.14±
50.52 s), exhibits the highest error rates and inconsistency

(8.19 ± 9.67). The Humanoid platform yields comparable
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Fig. 10: Post-study questionnaire results for dVRK, Humanoid and Manual user study. The results demonstrate that the

proposed humanoid-based laparoscopic platform requires significantly less mental and physical demand compared with

manual operation, while achieving more precise manipulation and overall performance. Compared with dVRK, the Humanoid

platform is rated slightly higher in mental and physical demand but still demonstrates strong performance in motion accuracy,

feedback quality, and overall execution.

accuracy (5.78 ± 6.47) to the dVRK, but novices required

substantially more time to complete tasks (p < 0.05).

In the surgeons group, overall performance is more ac-

curate and consistent across all platforms compared to the

novices. Surgeons complete tasks most quickly on the dVRK,

yet they achieve their lowest error rates on the Humanoid

platform. Time-wise, the statistics show the similar trend as

in the novices group: dVRK still yields the fastest execution

while humanoid takes the relatively longest time.

These results collectively demonstrate the feasibility of

employing the Humanoid platform for laparoscopic surgical

tasks. In the novices group, their error rates on the Humanoid

are already on par with those observed on the dVRK and

substantially lower than in manual operation. Moreover,

the fact that expert surgeons achieve the lowest error rates

on the Humanoid highlights its potential to support highly

precise manipulation once sufficient expertise is established.

Although efficiency on the Humanoid currently lags behind

the dVRK, which is largely due to the additional control

scheme for the general surgical tools, the observed accuracy

advantages suggest that with further training and system

refinement, the Humanoid platform can serve as a viable

and promising alternative for complex surgical procedures.

Manual operation, in contrast, achieves faster execution

because of the absence of any system control loop latency.

B. Post-study questionnaire

The results of the post-participation questionnaire are

shown in the Fig. 10, including the statistics of users’

feedback of the three platforms. The results demonstrate that

the proposed humanoid-based laparoscopic platform requires

significantly less mental and physical demand compared with

manual operation, while achieving more precise manipula-

tion and overall performance. Compared with dVRK, the

Humanoid platform is rated slightly higher in mental and

physical demand but still demonstrates strong performance

in motion accuracy, feedback quality, and overall execution.

From discussions with participants, particularly surgeons, it

was noted that the humanoid platform substantially reduces

cognitive load compared with manual operation through the

intuitive hand-to-tool mapping control. When compared with

the dVRK system, the main gap lies in higher control latency

and reduced precision. We believe these challenges can be

effectively resolved in the future through improved hardware

design, more efficient control schemes, and more accurate

geometric modeling.

VI. CONCLUSION

In this work, we propose the first study on humanoid-

based robotic surgery. We explore the feasibility of deploying

humanoid + general laparoscopic instruments on surgical

tasks, as a potential alternative to conventional surgical

robot platforms with better deployability and accessibility.

The experiment results demonstrate the proposed framework

achieves operation accuracy comparable to the current gold

standard dVRK, while significantly outperforming manual

operation. Although the current system still trails the dVRK

in terms of efficiency, this gap can be attributed to hardware

design and control complexity. With continued refinement

of tool integration and control strategy, humanoid-based

surgical platforms hold strong potential to provide a flexible,

scalable, and cost-effective alternative for advanced mini-

mally invasive procedures.
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