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Project Statement

Chronic wounds affect ~40 million Americans annually, costing $25 billion in
Medicare expenditures. Cold atmospheric plasma (CAP) therapy, delivered via
dielectric barrier discharge (DBD), has demonstrated up to 49% accelerated
wound closure in randomized trials; yet clinical adoption remains stalled by
operator-dependent manual delivery, introducing non-uniform dosimetry,
contamination risk, and safety hazards.
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Material Choice/FEA

PETG was chosen to be used in the robotic arm EMI
control enclosures because of its very high resistivity
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200 control PCB (passive EMI). The design of parts was such
that print orientation is optimized such that the stress
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This project presents a fully custom-built 6-DOF robotic arm developed from

.. : : 24.49 24.471 0.019 100 loads are normal to the layer lines and the structural mEE

first principles to autonomousl.y deliver DBD plasma along precise, precomputgd integrity is governed by continuous material, not inter-
G-code tool paths over arbitrary wound surfaces. The system integrates six 3776 37 687 0.069 ’ W layer adhesion. PETG was the most suitable material due
closed-loop stepper actuators, PETG 3D-printed structural joints, a custom 0o to lttS lﬁlglﬁ layer bonil,lnlgz chemllcéal f,etSISttﬁ}nCG an? low
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’ n ; periormance. carrier gas) generating a therapeutic 1,443 points computed across a 160 % 120 mm

: C 1ot : . - Table 1: Mechanical validation of the 6-DOF robotic arm Figure 3: Optical emission spectrum of active DBD plasma jet Tensile Tensile Flexural | Dielectric ionized plasma plume for robotic surface.
Mechanical validation OYefr a 50 mm linear scan (n=50 positions, 0.5 kg pay(}oad) over a 50 mm linear scan, showing expected vs. measured (Ocean Optics HR4C4660, 195.7-1134.2 nm), showing characteristic - end-effector deployment.
demonstrated mean positional error of 0.027 mm (max 0.069 mm), 100% of displacements that were recorded with precision calipers in a : : - -

e . ) p OTdeC pre p discharge peaks consistent with the N, second positive system (300— Mechanical Performance

measurements below the 0.1 mm clinical threshold. This platform provides the controlled Set%pé) gn;tan POIS(l)t(l)g/nlng el‘gif 18 0.027 mm (max 500 nm) and OH emission bands, indicative of RONS generation. ~5&¥)P i ~1{4"1§20 ~54MPa 16 kV/mm
missing autonomous execution and standardization layer for research-grade i e, 7o pass <lmtiil), Acquired via Ocean Optics HRICIG60 spectrometer Positional accuracy: 0.027 mm mean (max 0.069 mm, 100% pass

Table 2. Mechanical and dielectric properties of FDM-printed
K PETG used in robotic arm EMI control enclosure fabrication. <] mm tOlerance) (T able 1)

Validated across 50 mm workspace using precision calipers
Background - R

plasma wound therapy.

Sensing & Plasma Verification

9 . Figure 4: Von Mises stress o s ' '
DBD plasma accelerates wound closure by up to 49% in randomized trials. The EleCtr()nlCS Contr()ller AI' ChlteCture di;tlrci}aglstic;g Olf 525 slzftiTcﬁo?c\i/H I;JeE;{S;(I)Iﬁsj()D"‘f(LS. Relal t}nie 3 Dt V‘;Eunﬁgirfgci Toafé) 1(1;1g achieved
reactive oxygen and nitrogen species (RONS) (OH, O, and NO ) are the : : : : Fug: ure u =T i . I hermal satety cutoll validated a uman
biologically active agents. RONS disrupt bacterial cell membranes and stimulate A custom PCB was designed from scraich to integrate the six motor drivers v(velils 1‘21;13“61? pETf;iuigSﬂ)é tissue threshold)

(TMC5160T Pro V1.0), microcontroller for low level signal generation (Teensy 4.1),
sensor integration, safety logic, and power safety control. The PCB schematic was first
designed in EasyEDA Std, wires were then routed in their in-built PCB routing feature.
PCB’s were fabricated and assembled through JLCPCB with 4 layers. A silk screen was
designed for part designation and orientation.

cellular proliferation for sterilization and tissue repair. strength. Stress concentration

localized at the central Spectroscopy: RONS peaks confirmed at 300-500 nm during
mounting. active plasma operation (Fig. 3)

Handheld CAP devices are fully operator-dependent. Inconsistent standoff .
Autonomous Scanning

distance, speed, and coverage over complex wound geometries produce non-
uniform dosimetry, contamination risk, and safety hazards, making manual
delivery clinically inviable.

Handheld DBD N/A No ~$500

Commercial :
Robotic Plasma 6 Partial > $20,000
Our Work Autonomous toolpaths Yes ~$1000, Research Scale
over arbitrary surfaces

There 1s no existing platform that combines sub-millimeter autonomous |
delivery, real-time wound mapping, and a research-accessible cost, creating the il il e SN
gap this project directly addresses. —

Full pipeline validated: point cloud — G-code — robotic motion
— plasma delivery
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Raster-pattern scanning successfully executed on wound phantom
(Fig. 8)

Conclusions

* A fully functional 6-DOF robotic platform achieving sub-
millimeter accuracy demonstrates the feasibility for a precise,
autonomous plasma wound delivery system

Figure 5: Custom PCB schematic Figure 6: Final routed PCB layout used
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Eng lneerlng Ob l BCtlve S . integrating robotic control and sensing for robot operation. Deigned in EasyED Ay

e Develop a 6-DOF robotic arm with sub-millimeter end-effector accuracy

(Fig. 1) Methods and Methodology

 Develop a multimodal sensor framework (RealSense D405, MLX90640,

* Multi-sensor integration (3D vision, thermal, spectroscopy,
distance) addresses core limitations of manual delivery: non-
uniformity, unsafe dosing, and lack of reproducibility

« At $869, this establishes a low-cost research instrument
pathway toward standardizing plasma-based wound therapies

spectroscopy, IR) for real-time wound mapping and safety monitoring The system integrates a 6-DOF robotic arm (Fig. 1) with custom closed-loop motor control in clinical settings
e Develop a surface -to-G-code pipeline for autonomous, uniform plasma (Fig. 6) and a DBD plasma torch end-effector (Fig. 7). Four sensors, RealSense D405 (3D

scanning (Fig. 8) mapping), MLX90640 (thermal safety), HR4C4660 (RONS verification, Fig. 4), and IR Future Work
e Validate RONS generation during Operation via emission Spectroscopy reflective (diStanCG COIltl‘Ol), prOVide real-time feedback to a Safety arbiter that enforces e e e e e

Cethasts NS ana Cistancelboy L IS ne Lo sy s oton e nan ds

The RealSense camera generates 3D point clouds of wound surfaces, which are processed to
detect boundaries and generate G-code raster toolpaths (Fig. 8)

e Real-time spectroscopy feedback to adjust plasma parameters mid-

0.027 mm mean, 0.069 mm max scan
End-effector Accuracy <0.10 mm (50 mm scan, n=50, 0.5 kg

payload) e Depth-aware path replanning for curved/irregular geometries

MULTIMODAL SENSOR HEAD e Bacterial sterilization studies on culture plates

* Automated wound boundary detection from RealSense RGB+depth

6-DOF ROBOTIC ARM DBD PLASMA TORCH

RealSense + IR + spectrosco All sensors operational; IR
Wound/Safety Sensing integratelc)l Py interlock enforces safe temp MULTIMODAL SENSOR HEAD
window RealSense D415 MLX90640 HRI‘;gZ‘:,g“ IR Reflective
(3D point cloud) (Thermal safety) ( (Tissue Perfusion)

Autonomous toolpaths over Pipeline generates and executes spectroscopy) e Closedil oon Motors . 10KV @ 20-50 kHz . .
Surface-to-G-code arbitrary surfaces G-code on reconstructed plane e ot . Hatun Carrer Gas e Safety protocol development for in-vivo wound models
« PETG 3D-Printed Links : generation
. . . wub-mm Accurac « Controlled Flow Rate 20 cfm 3
RONS validation Autonomous toolpaths over Spectra show expected RONS Submm Accuracy A
arbitrary surfaces peaks L
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