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(Development of Unmanned Driving Technologies
for Speed Sprayer in Orchard Environment)
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Abstract

This paper presents the design and

implementation of embedded systems and

autonomous path generation for autonomous speed sprayer. Autonomous Orchard Systems can be

divided into embedded controller and path generation module.

Embedded controller receives

analog sensor data, on/off switch data and control linear actuator, break, clutch and steering

module. In path generation part, we get 3D cloud point using Velodyne VLP16 LIDAR sensor and

process the point cloud to generate maps, do localization, generate driving path. Then,

it finally

generates velocity and rotation angle in real time, and sends the data to embedded controller.

Embedded controller controls steering wheel

based on the received data.

The developed

autonomous speed sprayer is verified in test-bed with apple tree—shaped artworks.
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Fig. 1 Speed Sprayer (Orchard Sprayer)
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Fig. 2 Module configuration of autonomous

speed sprayer
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Fig. 3 The structual diagram of autonomous

speed sprayer electronic controller
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Table 1. Sensors and actuators used in

autonomous speed sprayer

Sensors Actuators

Engine Speed Potentiometer Linear Actuator

. Encoder,

Steering . BLDC Motor

Potentiometer

Hall Sensor,
Odometry . -

16-channel Lidar

Limit Sensor Clutch Valve
Clutch and Brake

Brake Valve

Atomizer - Solenoid Valve
Blower - Solenoid Valve
Safety Supersonic sensor |-
Perception 16-channel Lidar |-

a9 5. b= SFA 7]
Fig. 5 Embedded Controller

measurement

Fig. 6 Hall sensor for speed
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Fig. 7 Electronic steering system
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Table 2. Specification of steering system Table 3. The configuration of autonomous
- steering
Content Unit
Power Source DC 12V, 50A vV, A Item Content
Max Speed 150 RPM CPU  |Intel i7 6700HQ 2.6 GHz
Max T 7 N
ax__orawe = MINI PC[GPU  |Nvidia GeForceGTX 960M
Idle Friction 1 Nm
Encoder Res 10,000 pulse/turn RAM 8GB
Diameter of Axis 18 mm Sensor LIDAR |Velodyne PUCK(16ch), Ethernet
Length of Axis 30 mm IMU myAHRS, Interface: USB
Weight 3:5 kg 0S8 Ubunto 16.04 LTS
S/W ROS Kinetic
Library |PCL, OpenCV
Parallel |OpenMP

Main IPath
modules ‘;m;-g x4 FAFY mEY s
| Table 4 Functions of autonomous steering
Sub- Differential dul
modules e module
e Module |Submodule |Function
Ackermann Task - General management of
Planner information of each module
S7 8, Tolzg) Alel tho]o] el - Generalized ICP matching
- Extact odometry by matching
Fig. 8 Diagram of autonomous steering Scan continuous LIDAR sensor
SLAM |Matching values
V. ZE2MM 3 x| olAl diH - Pose correction through global
matching
. o] AA @ 7 Mo ga el EKE - Estimation of position(x, y, 2)
o > ol A 3
gA71e 1A ECES g A& A and speed(vx, vy, vz)
o] AE&FY AXEO= FA Task planner& 2D - Generate 2D grid map from
Q3 4719 Wl =E¥ 7+ 6}-‘.’4 2EEEE AR Grid Map 3D point cloud
T
o (19 8). ree . |- Tree extraction from grid map
Task planner3d}$] 471 Ui]"] 52 5YAow Extraction
TR - Clustering using the extracted
A g5v ROSIIA AL olg3to] HolelE Hg - oo conter point
gt} global_mapper (SLAM module)= Velodyne Planning Line - Line extraction in the same
AFe] VLP 16 LIDAR AIMZXE FHE+= 3D E Manager cluster
JE Fg9=¢ IMU (Inertial Measurement - Line life-time management and
Unit) AAgLs 719ro 2 A 719 F8 A s %} Path TR
= - - at
A, SAll A7 XE AA Zl’—o—i A2kt - Strait and turn path creation
th 3D EAE FehtE delEE SLAM REAN Planner
B stacle
Aol FPAZ YAFS 93 local pointES A Detectio - Obstacle detection
A3ste]  local_path_plannero] H&slE Aot L - -
= Differentia |- (v,  w)  generation  for
7 mge] %S ¥ 33 2o 1 noow
. a - R Wheel differential wheel type robot
1:r (e} o] X S
A7) A=A FAAA g SRR Motion |Ackerman |~ (Vs 8) generation for
AL ¥ 3% gon AEFY EE VTS Qo Control |n ackermann type robot
W3 49 Zoh Double - (v, 8) generation for
Ackerman
n doube-ackermann type robot
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1. SLAM 2 &

SLAM R &2 LIDAR AXMZHE ZAHHE 3D
point cloud®} IMUAIAE &H o7 o} 3D A%
5 AT FA A=7RE WA e fAE A
Ao 2 Aates ZEo|T SLAM EEQ TEA
27F ANFEE 927 27194 (x, y, oz, roll,
pitch, yaw)7} ™ 2 A7+ 3D point cloud?] vi*
& Bote] o]F9 YAE AASIA, Scan WA <]
A¥= EKF (Extended Kalman Filter)] update
Al A A7) o] AFEfwe] Zg4le] o] & Th w
gA AEZY E YRRl Qlo] Fas HES
Generalized ICP (terative Closest Point) 7]‘1”'
Scan % 2 E3 EKF REo|t}. Scan ®|%
¥ EKF9 54 S5+ E}n a9 99t 7}‘3}

Scan "H& F WA FoAEd AHHS
2 Eo]9¥ 3D point coud«] Local "3z}
Global wiAolth. A7l A&FHE SeAe
odometry AX7} Hagtd], WA7] A A AlF

lo

¢

rqn

A Global =% (@A point cloudgr A&2ge] Fa
point cloud®] wj&)& F3te] 1A ex7F FA
A FEF F714Ql Scan WA S st FAVY
A& BAF|Folof g}t (19 10).

2. Path Planning 2=

ARkl I URE 3 Fo=m dA
4 (%% 1.5~2m, ¥F: 3~4m)oz w5 o]
AUtk olEg FHFde] EAS WAV FIALE
Aol &gatr] fla - 4 UFY SAHE 5
et FEE 4 UT F4A Abelo A E o]
g3t 338 (clusten)ste]l T 3 UolA
local lines %384, Path Planning Module&
HEH o2 F%4 line ARE o]&3to] A A=
AR B3 ARE AT (2 1D).

LIDAR AAZFE F53 3D point cloudolA]
o] F4E FEI] 8 WA 2Fe Ads
=23 3D point cloud® 2D grid mapl.® H3+
3= o] "3y, o] 3D point cloudol A
A U5 FAE FE5E WHEY 234 I3t

E Aol TEAA &% HolX #3517
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o
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Tree extraction REA F&9 ¥ Z=4H
5& Aoz clusteringste] 7t clustertioll
4] RANSAC”ZIHHE] line fittingS F=35te] WAl 7]
T local lineg FE3 (29 13).
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W= ofydH xR global linel® SZEX
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Fig. 12 Tree position extraction using
smoothed grid map
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Fig. 13 Local line extraction
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Fig. 14 Global line extraction
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Fig. 15 Path planning using tree lines
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Global line& F7|H o7 M2 FAILEE H]
ate], A=Y Erha wdEW Fog
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HEL AAEEY line? end point®= 7341 ¥l
AA LA A} TR fFEI AFK/E
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Fig. 16 The simulation environment and the
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result of path generation and positioning
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Fig. 17 The results of orchard mapping and

Base map pose

#7425t

localization
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Fig. 18 Autonomous driving test in the test bed.
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Table 5. The specification of test-bed

Environment Content

Dimensions 20 x 44m

Tree arrangement |4 lines of trees, 10 trees per line

Distances Line to line distance: 4.4m

Tree to tree distance: 3.8m

Running speed 0.6 m/s (50% reduction in turning)

3. 2o nty MY
HEH o7 AA WA=

2 93 20 x 44m A7]9 94

£ 438 x 10€& 3.8 ~ 4.4m 7& o2 HjA
dol wel s TAHAY GE 5. 4404
FEL= 0.6 m/sE AARL, ¢HAF A F3
S 93] 3A A= AALEL 5002 AEF 74
dus FARYG (17 18).

o1& fz AgFa A

vi. & 2

B oE=RdME Ag
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Ax 2 A2 MY BE, b= Ao 53
2 FAHT 7 A =Ee AA W o) o E
Abol sl FAIH R vlEsielon, oF
7] g1 FRE 9 AN 7d duFe o
=qck AR AEFE A7)
Gazebo AlgdolAd¥ A 9 dolgE vy

o2 x4 9 HARAYEES
2o B4 Ao gy 2 FAYTES AE
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T A7 Al2E A
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