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Project’s Abstract:
Cartesian pick-and-place is solved at the level of motion, yet student-scale and hobby machines almost always run on open-loop timing: the belt runs for two seconds, the gripper “closes”, and the program assumes the arm arrived. In a sequential task such as stacking, one silent failure (an empty hopper, two blocks fed at once, lost motor steps, a block moved by hand or a controller reset) becomes a wrong structure built confidently. This project demonstrates the layer such machines leave out: every physical transition is confirmed by a sensor or by the camera, and the machine stops rather than guesses.
The project is a vision-assisted Cartesian robotic cell that builds human-designed 3D structures from 2.2 × 6.0 × 1.5 cm wooden blocks with no human placing a block. A Raspberry Pi 5 is the sole master, running the camera, web server, orchestration and safety rules. An Arduino MEGA 2560 drives a CoreXY X/Y gantry with an added Z axis, a servo claw and a 28BYJ-48 rotation stepper, executing a fourteen-phase pick-place-park cycle, while an Arduino Uno runs a feeder module (two-stage hopper gate, conveyor belt and alignment servo) that confirms with two HC-SR04 ultrasonic sensors that exactly one block left the hopper and reached the pickup point. Two calibrated grids (vertical 7 × 6 and horizontal 3 × 10) allow blocks to be placed in both orientations.
The design centres on sensor- and vision-confirmed sequencing instead of timers, on a safe two-board handoff in which the gantry moves only after the feeder proves a block is staged, and on running one command at a time, locking the session for a person whenever the physical state is unknown. Its objectives are to reach and place a block on every grid cell at any level (41 vertical and 29 horizontal cells, levels 0–16) in both block orientations; to feed exactly one block at a time, confirmed at both ends; to detect blocks with an overhead camera and map pixels to grid cells; to allow operation from a phone browser with a live view, click-to-build and two-tap confirmation; to provide a 3D Build Studio that checks support, collision and toppling and compiles a design into an ordered command program; to enforce a layered safety model; and to keep the cycle time under 45 s per block.
The CoreXY X/Y stage was adapted from an open design and extended with a Z axis, a rotating claw and a separate feeder, using 3D-printed parts, aluminium profiles, TB6600/A4988 stepper drivers and limit-switch homing. The two firmwares talk to the Pi over independent, acknowledged USB serial protocols. The vision pipeline (Python/OpenCV with a 160° fisheye camera) applies lens and colour correction, warm-colour segmentation and a homography fit from pixels to grid cells, and the browser software includes the operator console, the 3D Build Studio with a topological-sort compiler, and a live digital twin driven by firmware telemetry. Testing covered 492 browser tests, 68 Python protocol tests and hardware runs: 16 of 16 cycles completed at 19.8–32.2 s per block (26.1 s mean), a five-level stack was built, 29 of 29 blocks were detected, and the pixel-to-grid mapping error was 0.27 cm.
Industrial pick-and-place and assembly cells already exist but are expensive and closed. The X/Y stage builds on the open-source “Automated Chessboard” published on Instructables (Greg06, 2022), a CoreXY table that slides magnetised pieces on a plane. This project extends that idea to three dimensions, with lifting, rotating, stacking and self-feeding, and adds vision and a design-to-build software chain: the confirmation layer that most hobby and educational gantries omit.
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