SCIENCE - TECHNOLOGY

NGHIEN CUU, THIET KE XE TU HANH
SU' DUNG MAY TINH NHUNG RASPBERRY PI VA CAMERA 3D
UNG DUNG VAN CHUYEN DO TU DONG TRONG NHA KHO

RESEARCH, DESIGNING AUTOMOBILE VEHICLES USING RASPBERRY PI COMPUTERS AND 3D CAMERA
APPLICATION OF AUTOMOTIVE TRANSPORTATION APPLICATIONS IN WAREHOUSES

TOM TAT

Ngay nay, véi su buing ng ciia thuong mai dién td, logistics, nha méy, kho
van théng minh véi yéu cdu vé nang sudt, tinh an toan trong viéc van chuyén
hang hda cang duoc nang cao. Cling véi do la bai toan chi phi khi st dung s6
lugng 16n lao dong cho qua trinh van chuyén hang hda. Mt trong nhiing gidi
phdp hiéu qua cho nhiing yéu cau trén la sir dung xe ty hanh (AGV). Cong nghé
“diéu hudng tu nhién - Natual Navigation” dan dudng cho xe tu hanh st dung
cam bién Lidar va camera 3D ngay cang dugc ting dung bdi cong nghé nay khong
anh hudng nhiéu dén khong gian kho nhu cong nghé di theo vach (st dung bang
dinh tir) va cho phép dé dang thiét lap, thay ddi bo tri diém, quy trinh van hanh
va chi phi phéi bd ra khong qua cao.

Tirkhéa: Xe tu hanh, diéu hudng tu nhién, logictics.

ABSTRACT

Today, with the boom of e-commerce, logistics, factories, intelligent logistics
with the requirements of productivity, the safety of goods transportation is
increasingly enhanced. Along with that is the cost problem when using a large
amount of labor for the process of transporting goods. One of the effective solutions
for these requirements is to use autonomous vehicles (AGV). "Natual Navigation"
technology is leading the way for self-driving cars using Lidar sensors and 3D
cameras. Because this technology does not affect the storage space as much as the
trailing technology (using magnetic tape). They allow easy set-up, change of point
layout, operating procedures and cost not too high.
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1. GIGI THIEU

Ung dung xe tu hanh (AGV) 1a mot xu thé tat yéu cho
van dé van chuyén hang héa trong cac nha may, kho van.
Lgi ich mang lai ko chi vé mat chi phi san xuat, ndng suat
van chuyén ma ca tinh an toan cao. Hién nay mét s6 hang
san xuat xe ty hanh st dung céng nghé diéu hudng tu
nhién (Natual Navigation) cia ngudc ngoai nhu: MiR, KUKA

Hoang Van Quang’, Nguyén Kim Huy',
Tran Ngoc Hai', Té6 Anh Diing>"

Robotics, OMRON, CASUN va tai Viét nam c6 cong ty STI
Vietnam.

Tai nudc ta c6 tap doan nudc ngoai I6n nhu Meiko
Electronics clla Nhat Ban da va dang ap dung cong nghé
diéu hudng ty nhién do cong ty STI Vietnam san xuat. Xe tu
hanh si dung dé van chuyén cac cudn déng cé trong luong
I6n (khoang 70kg). Cac cudn déng dugc truyén nhan qua
hé théng béang tai gan trén than AGV.

Nghién cudu xe tu hanh ting dung van chuyén hang hoéa
trong kho la mét linh vuc tiém nang. Nhung thuc tién tai
nudc ta chua cé nhiéu cong ty nghién ctu vé linh vuc nay
va hién con nhiéu han ché. Do d6, nhom tac gia da nghién
cly, thiét ké xe ty hanh st dung may tinh nhing Raspberry
Pi va Camera 3D Ung dung van chuyén dé tu déng trong
nha kho. V&i mong muén c6 thé tim hiéu, nghién cdu quy
trinh van hanh, van chuyén d6 trong kho, ché tao xe tu
hanh va cong nghé diéu huéng tu nhién s&r dung cam bién
lidar 2D, camera 3D va mdy tinh nhung.

2. NOI DUNG NGHIEN CUU

2.1.So d6 khéi

Khoi Cam Bién

.

Khéi xwr Iy trung tam
(Raspberry Pi)

Hinh 1. So d6 khi clia hé thdng
Nguyén ly so dé:

Khéi chap hanh

- Khéi xt ly trung tam s& dung may tinh nhing
raspberry Pi 3B+. Nhom si dung phan mém ROS(Robot
Operate System) chay trén hé diéu hanh Lubuntu. Nhiém
vu cla khéi: Nhan tin hiéu tir cdc cdm bién, diéu khién khéi
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chdp hanh c6 déng co gilup xe di chuyén, tao ban d6 2D, 2.2.2. Cam bién RPlidar
doc ma Aruco, tinh toan udc tinh vi tri clia xe trong ban do, | S PRLIDAR A1
tinh toan tao ké hoach, dudng di chuyén. R

- Khéi cdm bién gém cac cdm bién: RPlidar A1, Camera
3D, Encoder, IMU. Nhiém vu ctia khéi 1a thu thap di liéu
moi trudng: khodng cach cla xe véi cdc vat cdn xung
quanh, géc quay tur trudng, téc dé dong co.

- Khéi chdp hanh gém cac mach driver diéu khiém
déng ca, dong co 1 chiéu.

- Khé&i nguén cung cép dién ap 1 chiéu DC cho tat ca
cac khéi con lai.

2.2. Cac b6 phan chinh
2.2.1. Mdy tinh Raspberry Pi 3B+

Hinh 4. Cdm bién Rplidar A1

Thong sé ky thuat:

e Dién dp st dung: 5VDC.

e Chuén giao tiép: UART.

e Phuong phap phat hién vat can: Laser.

e Khoang cach phat hién vat can téi da: 12m.
e Goc quay: 360 do.

e To6c dd l1dy mau t6i da: 8000 Samples per time.
e Tan s6 quét t6i da: 10Hz.

e Kich thuéc: 71 x 97mm.

2.2.3. Camera Kinect Xbox 360

Hinh 2. Mdy tinh nhing Raspberry Pi 3 B+

Thong s6 ky thuat chi tiét:

e San xudat tai: nha may Sony tai Anh (Made in UK / PRC),
chinh hang RS Components.

e 1.2GHz 64-bit quad-core ARM Cortex-A53 CPU
(BCM2837).

e 1GB RAM (LPDDR2 SDRAM).
e On-board Wireless LAN - 2.4GHz 802.11

b/g/n (BCM43438). Hinh 5. Camera 3D kinect xbox
e On-board Bluetooth 4.1 + HS Low-energy (BLE) Thong s6 ky thuat:
(BCM43438). e Ngubn hoat dong 5V.
* 4 xUSB 2.0 ports. e Ké&t néi qua cdng USB Type B.
* 10/100 Ethernet. e Théau kinh cdm ting mau séc va dé sau.

® 40 GPIO pins.
o Full size HDMI 1.3a port

e Micro nhan dién am thanh.

e Cam Uing chuyén déng.

s 285 GO 12c. <Py yanT e Tam hoat déng:

o Nhin ngang: 57 do.

o Nhindoc: 43 dé.

o Do nghiéng vat ly: + 27 do.

x USE 2.0

e Tamxa:1,2-3,5m.
e Lubngdirliéu.
0320x240 d6 sau mau 16-bit, 30 khung hinh/giay.
0640x480 d6 sau mau 32-bit, 30 khung hinh/giay.
e Am thanh 16-bit, 16kHz.

Ethernet
R4S

Hinh 3. Phan cting may tinh nhiing Raspberry
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Hinh 6. So d6 két ndi camera

2.2.4. Cum déng co va bdnh xe di chuyén
Thong s6 ky thuat:

e Dién 4p hoat déng: 12V.

¢ Banh xe dudng kinh 70mm.

Hinh 7.Dong ca 12V
2.2.5. Ma Aruco
(d,-d,0) (d,d,0)

(-d,-d,0) (-d,d,0)
Hinh 8. Ma Aruco
Thong s6 ky thuat:
o Kich thugc 100x100mm.
® SO 6 5x5.

Hinh 9. Khung tao d6 clia ma Aruco doc dugc tir Camera

3. THIET KE MACH DIEN TU VA XAY DUNG MO HINH
THUC NGHIEM

3.1. Quy trinh thuc hién
Hiéu chinh camera 3D: S dung bé ma Aruco dac biét
dé hiéu chinh cho camera (hinh 10).

Hinh 10. M& Aruco dé hiéu chinh cho camera

K&t néi camera, cdm bién lidar v&i may tinh va kiém tra
céng két ndi hinh 11.

Hinh 11. Két ndi camera véi mdy tinh

Phan mém hiéu chinh trén Lubuntu nhu hinh 12.
0¥ IO

I EEFEECLEFL

Hinh 12. Phan mém hiéu chinh camera
Két noi cam bién lidar véi may tinh nhu hinh 13.

-

Hinh 13. Két n6i cam bién lidar vi may tinh
S dung cau I1énh “Is - /dev | grep ttyUSB" kiém tra va
dam bao thiét bi dugc két néi nhu hinh 14.
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Hinh 14. Kiém tra cong két ndi qua Terminal

Tao moi lién két khung toa d6 gilta Camera, cam bién
lidar v&i khung xe nhu hinh 15.

cam}(a;_aruco

imu_bne

é&f im551

Hinh 15. Chuyén d6i khung toa do
Thu thap dit liéu 3D ti camera 3D Kinect nhu hinh 16.

T aplays.

Hinh 16. Hién thi dit liéu 3D thu duoc
3.2. M6 hinh thuc nghiém sau khi hoan thanh

Mé hinh thyc nghiém sau khi hoan thanh nhu hinh 17,
man hinh dang nhap va tao ban d6 2D nhu hinh 18, 19.

Hinh 17. M6 hinh t6ng quat

e [t — o T 1MATTIMAA ST |l Dt

Hinh 18. Man hinh déng nhap
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Hinh 19. Tao ban d6 2D
Thi nghiém mé hinh va két qua

Sau qua trinh tim hiéu, nghién ctiu, nhém thu dugc két
qua:

1. SU dung Hector mapping Packages Ros dinh vi va
tao ban dé 2D thanh céng.

2. Poc va dinh vi ma Aruco trong ban dé.

3. Tu déng kiém tra lai vi tri trong ban d6 khi camera
phat hién bat ki ma Aruco da dugc thiét lap va setpose khi
thay d6 léch qua 16n.

4. Xe tu dong di chuyén, tranh vat can khi chi diém 1
diém bat ki trong ban dé.

5. Tang d6 chinh xac cho qua trinh di chuyén pha cudi
nha su két hop tao d6 clia ma Aruco tai vi tri dac biét.

6. Phat hién vat can bat thusng(nam lo lting phia dau
xe) ma cam bién lidar ko thé phat hién.

4, KET LUAN

Bai bao trinh bay két qua nghién ctu, thiét ké xe tu
hanh s&r dung may tinh nhing Raspberry Pi va Camera 3d
Ung dung van chuyén dé tu dong trong nha kho. Mé hinh
co ban dap ung yéu cau ban dau vé thiét ké va van hanh
véi cac ching nang: SU dung Hector mapping Packages
Ros dinh vi va tao ban d6 2D thanh c6ng; Doc va dinh vi ma
Aruco trong ban d6; Tu déng kiém tra lai vi tri trong ban d6
khi camera phat hién bat ki ma Aruco da dugc thiét lap va
setpose khi thdy d6 léch qua I6n; Xe tu ddng di chuyén,
tranh vat can khi chi diém 1 diém bat ki trong ban do; Tang
dé chinh xac cho qué trinh di chuyén pha cudi nhd su két
hop tao d6 clla ma Aruco tai vi tri dac biét; Phat hién vat
can bat thuong (ndm lo ltng phia dau xe) ma cam bién
lidar ko thé phat hién.
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