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WHAT WE LEARNED

The path planning algorithms
successfully generated the
collision -free paths for reaching
the targeted pruning points

The concept of integrating
cartesian and rotational joints
robot showed promising results
for apple tree pruning

Perpendicular to limb cutting
posture may not be suitable for
all Imb angles A alternate
cutting postures are suggested

A camera vision system and
pruning cut sequencing are still
required to identify and reach the
targeted branches automatically

BACKGROUND DEXTERITY ANALYSIS

FIELD TESTS

C Pruning ~ 20% of total
labor costs

C ~ 80 to 120 working
hours per hectare

Avalilable labor

decreasing!
Fig.1. Labor costs for apple production Fig.4.(a) Robot reachable workspace; (b) Cutter orientations in workspace
C Cutter displays a spherical reachable workspace of diameter 240 mm
OBJ ECTIVES C Atevery pointinworkspace, multiple cutter orientations are possible A T SR S i S TR 50
(cutter face: blue -red lines represent z -x axes, referto Fig .3) Fig.7.(a) Experimental setup in the field; (b) Robot end - effector

C Design an integrated 6 degrees of freedom (6DoF) pruning

robot for apple trees PATH P LAN N I N G ¢ Ten trees were selected, and 8 to 10 branches selected from each tree

. . . .. . . C A total of ~ 100 pruning cuts were applied. The coordinates (X, y, and
C Kinematic dexterity, collision -free path planning, and field . . .
tests for the reachability of the robotic pruner Tree Model Development Z axis) of the targeted pruning points were added to the robot

Table.1. Data (subset) collected during field tests

C Fuji apple trees trained to trellis fruiting wall were selected

Test Branch Diameter Angle P Angle P Angle P Cut Point Coordinates
(mm) (deg) (deg) (deg) (X, y, and z)

ROBOT DEVELOPMENT
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8 C Modified shear pruner was Fig.5.(a) LIDAR point cloud; (b) Branch reconstruction; (c) Tree model
" integrated to the last C Point cloud of the apple tree was collected using a 3D LIiDAR sensor 6 19154045 (362,600,425
Pitch Motor joint — as a pruning tool ¢ Trunk and branches were segmented for 3D reconstruction  of the tree
mum rota v The ree modelcansiss of atree runkcand 14 prmary branches T
C The maximum rotation . C .
Yaw Motor ) limits for —h—PBA T A was CO”|S|On = free Path F|nd|ng
C vow X,PT 240°, 360 ©, and 360 © 10 18 35 20 45 (605, 240, 380)
6 y respectively

C The pruning cutter reached all the selected branches in a collision -free
manner and made the pruning cut successfully

C The mean collision -free path finding time was 13 s per target branch

C Maximum branch diameter of the successful cut was 25 mm

C The joint limits for , —, and — were validated. No collision, and
physical interferences were observed during the tests

Fig.2. Pruning end - effector model

C Cartesian robot with a
square platform was
developed to reach targets

Linear Arm

Y-axis Actuator

C The pruning end -effector
was attached to a rigid

linear arm Fig.6.(a) Simulation environment; (b) Collision -free path to reach a branch AC K N OWL E D G E M E N TS

C Simulation environment including the robot kinematic model and tree

X-axis Actuator

B ...  C Integrated Arduino -Matlab model, was established for collision -free path planning 1. State Horticultural Association of Pennsylvania (SHAP)
| XAy control system with a user C Rapidly -exploring random tree (RRT) algorithm was implemented along 2. Northeast Sustainable Agriculture Research and Education Program (NE -SARE)
Fig.3. Integrated pruning robot model Interface was developed with path smoothing method for obtaining collision -iree paths (green line) 3. Penn State College of Agricultural Sciences Stoy G. and Della E. Sunday program



