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Abstract Surface Contact and Tissue Model

Robot-assisted ultrasonography canreduce operator dependence and physical work- The surface estimator extractsalocal anatomical profile. The nearest surface pointisde-
load, but safeimaging requires precise contact-forceregulationduringthe transi- noted {N},and normal penetrationisevaluated by

tionfrom free spaceto tissue. We propose a predictive admittance architecture that
combines surface and contact estimation, online tissue-stiffness adaptation, force-
consistent target-depth prediction, and compliant normal-axis control. Experiments
onaUR5eplatformreached astable 10.0Ntarget, adapted to stiffness variations of
3000--5000N/m, and achieved 0.44 NRMSE. The probe also executed a continuous 3D
square-spiral scanwith high planar repeatability.

Op, = Lez — Tn,z-

An active contact stateisdeclared when,s,, < 0.

:
Thiswork proposes a tissue-stiffness predictive admittance controller for autonomous r £ Kg N 0 <« Ultrasound Probe
roboticultrasoundscanning. The controllerregulates the surface-normal interaction ’ > g :Contact surface
while preserving planar scan execution. ¥ Df’f PR
« Onlineinstantaneous tissue-stiffness estimationfrom measured contactforce. 777777777777779777 e
« Force-consistenttarget-depth prediction beforelarge force erroraccumulates. (a) (b)

 Discrete-time admittance control with velocity-limited target updates.

« ExperimentalvalidationonaUR5eroboticultrasound platform.

Interpretation: the target estimator replaces adirectintegral forcetermby movingthe

Control Architecture reference coordinate i; toward aforce-consistentinteractiondepth.

The controller separates perception, contactrecognition, stiffness adaptation, target- Key Results
depth prediction, and admittance control.

~ ~N - ~ ~ ~N 0.0 —T I:::;
Depth DepthMa’p) Surface POlntClOUd) Contact ’2 -2.5 — Trial 3
Camera Estimator Estimator E —5.0" - _L 1::: :
\ y, \ y, \ y, E _75
Point Cloudi lin_contact ~10.0.
- N - N s N
Trajectory LTemd > Target < ke Tissue Stifiness . 5000
Planner Estimator Estimator S
= 4500-
N J N J N J =
wn
. " 4000
Lt i ch HCIC_)
- A f N S 3500
Tey Le Robot ”
Controller <€ 3000
States
N\ Y \ Y 0.0004 —— Trial 1 Probe Z
— Trial 1 Target Z
¢QCmd € _0.005 Trial 2 Pro%e Z
Z Trial 2 Target Z
o —— Trial 3 Probe Z
° ° ° . . . . 'g —0.010 Trial 3 Target Z
Design principle: predictthe force-consistenttarget depth and let admittance dynamics 3 — Tal4povez
—0.015 ria arge
. —— — Tria robe
move the probe smoothlytowardit. | ~ | e e 2 |
0 50 100 150 208
Time (s)

« Smoothtransitionfromfreespacetothe 10.0Ntargetforceacrossfivetrials.

Predictive Stiffness and Target Estimation

« Onlinestiffnessadaptation captured tissueresistance changesfrom 3000N/mto

During active contact, instantaneous tissue stiffnessis updated from the sensed-to- 5000N/m.
targetforceratio:  Afterthe 15sstabilization phase, forcetrackingreached 0.44 NRMSE.
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Sensor noise and abrupt numericalchanges are suppressed using an exponential mov- — T

Ing average:
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where, ;. = 0.001.
Theforce-consistenttargetdepthispredicted as

ftaﬂ“get,z

Lt zraw — In,z —

%e,z
Thetarget update Az, . isvelocity-limited before application, preventing discontinuous
depthjumpsduringcontacttransition.
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Admittance Control Law « The probe completed acontinuous 3D square-spiral trajectorywith active

normal-axisdepthregulation.
Thenormal-axiserrorisdefinedrelativetothe predicted target:

€x,2 = Te,z — Ttz Conclusion and Future Work

Thecompliantaccelerationfollows

Conclusion: The proposed predictive admittance controller achieved stable contact
transition, maintained a 10.0N target force with0.44 N RMSE, adapted to stiffness

y 1 .
Lc,z = M (_Bivc,z — Kt,zex,z)

where, M =1, B =200, K; = 200. variation, and executed repeatable 3D scanning.
With At = 0.002s, semi-implicit Eulerintegration gives Future work: extend normal-axis compliance to multi-axis translational/rotational
T, = Te,z + Fe, 2 AL compliance, integrate soft-body contact mechanics and pressure distribution,and im-
The updated normalvelocity is combined with the planned planar velocity v, , then provereal-time dynamicsurface estimation from depth-camera pointclouds.
mappedtotherobotjoints: . Funding: This work is supported by 124C815 Tubitak 2232B and ROMER.
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