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[Abstract]

This paper comparatively analyzes depth sampling strategies and their effect on coordinate
transformation consistency in a ROS-based RGB-D perception pipeline. The proposed pipeline consists
of RGB-based ROI detection, window-based depth sampling for 3D position estimation, ROS TF
coordinate transformation, and TCP-based control command delivery. Three sampling strategies (1x1
single-pixel, 3x3 and 5x5 window median) were evaluated across nine experimental conditions, including
three camera-to-object distances (30, 40, 50 cm) and three lighting levels (bright, normal, dim), totaling
270 repeated trials. The 3%3 window median improved consistency by 5.7 times over single-pixel
sampling, and 5%5 by 8.1 times (Kruskal-Wallis H=71.59, p<0.001). All conditions maintained deviations
below 1.3 mm, confirming that depth sampling strategy is a critical design parameter for coordinate

transformation reliability.
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I. Introduction
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II. Related works

1. RGB-D-Based 3D Position Estimation and
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2. Depth Sampling and Point Cloud Filtering
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3. ROS-Based Coordinate Transformation and
Control Integration
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4. Summary and Differentiation of This Study
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III. Proposed Coordinate
Transformation Pipeline
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1. System Overview
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Fig. 2. Strawberry mock—up installed on the vertical-farm bed
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Fig. 3. Experimental setup consisting of the research
vertical-farm mock—up and the robot system
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2. 3D Coordinate Computation from RGB-D Data
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4. Coordinate Transformation Using ROS TF
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ROS Topic: /camera/color, /camera/depth

ROI&3D Conversion

Node(roi_point_cloud.py)
= Pixel(u, v) = Depth Z(u, v)
= Inverse Projection = (Xc, Yc, Zc)
= TF:.camera-> base - (Xb, Yb, Zb)

RGB-D Camera(D435i)
* RGB/Depth image
« Intrinsic Params(fx, fy, cx, cy)

l Jvisualization_marker

Visualization(Rviz)
« Marker(Sphere) for Target
« Frame: base

ROS Service: /service (vision_robot)

_’ (tcp_srv.py)

TCP/IP Port: 9000

TCP Client Node Robot Controller(Server)
+ Parse Coordinates
« Movelt / Motion Command

+ Manipulator Execution

Movelt Commandl

Manipulator & Gripper
« Target Approach
+ Harvest Operation

—
« Send "X, y, 2" to Robot
+ Receive "ok" [ "finish"”

Boundary Check & Offsets

+ 208 = X = 505 (mm), Z = Z_min (invalid - reject)
* Unit Conversion: meters - millimeters

+ End-effector offset: grip_x = 100 mm

Fig. 4. Pipeline structure for coordinate transformation and robot—control integration using RGB-D perception results
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IV. Experiments and Results
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Table 1. Summary of experimental conditions
ST e | T | e | U | | R
ment pling ess (%)
Exp.1 Ixt x1 | 30 | 30 | 0] 1000
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ling) 3x3 3x3 30 30 0 100.0

5x5 5x5 30 29 1 96.7
Exp.2 30cm 3x3 30 29 1 96.7
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nce) 50cm 3x3 30 30 0 100.0
Exp.3 Bright 3x3 30 30 0 100.0
(Lighti Normal 3x3 30 30 0 100.0
ng) Dim 3x3 30 29 1 96.7
Total 270 266 4 98.5

2. Depth Sampling Comparison Results
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Table 2. Coordinate consistency by depth sampling
window size

; X std Y std 7 std Euclid. | Euclid.
Sampling (mm) (mm) (mm) mean std
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1x1 0.499 0.238 0.252 0.580 0.142
3x3 0.183 0.077 0.133 0.102 0.211
5x5 0.186 0.078 0.004 0.072 0.184
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Effect of Depth Sampling Window Size on Coordinate Consistency
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Fig. 5. Effect of depth sampling window size on
coordinate consistency

3. Distance Variation Results
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Fig. 6. Effect of camera—to—object distance on coordinate
consistency: (a) overall deviation, (b) distribution
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4. Lighting Variation Results
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Table 4. Coordinate consistency by lighting condition
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5. Failure Analysis
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V. Conclusions
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