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Abstract

Fire plays an indispensable role for humans. However, fire accident is one of the leading hazards endangering human life and health, leads
to unpredictable loss to the economy, and destroy the environment. Fire accident may happen anywhere, when fires outbreak will push the
firefighters on duty facing with dangers. Research and development of firefighting robots to replace firefighters becomes necessary. In gen-
eral, firefighting robots are required to be able to move on chaotic and constantly changing terrain, avoid obstacles, detect and approach to
fire areas, extinguish firea and save victim. In this research, we have designed and manufactured a belt-driven mobile robot capable of moving
on a number of variable terrains, integrated with a machine vision system to detect and identify fires. PLC-based controller is responsible for
control the robot to approach the fire areas and avoid obsstacles. Experiment work has been conducted and results showed the accuracy of
fire detection and an ability of the proposed robot in performing the required firefighting activities.

Keywords: Firefighting robot, Autonomous control, YOLO4, Obstacle avoidance, Fire detection.

Tém tit

Lira dong vai tro khong thé thiéu dugc vai con ngudi. Tuy nhién
hoa hoan lai 12 mot trong nhitng tham hoa gy nguy hiém toi
tinh mang va sttc khoe con nguoi, gay thiét hai khong dyu doan
tru6c cho nén kinh té va pha huay méi truong. Hoa hoan 6 the
xay ra bat ky I0c nao va bat ky ¢ dau. Khi dam chay bung phat,
nhimg nguoi linh ciru hoa tac nghiép phai ddi dién vai rat nhiéu
nguy hiém. Nghién ctru va phét trién cac robot chita chay dé
thay thé nhimg nguoi linh ctru hoa trong cac hoat dong dap hira
va tré thanh yéu cau cap thiét. Yéu cau caa mot hé théng Robot
chita chay 13 c6 kha ning di chuyén trén nhiéu dia hinh hén loan
va thay dbi lién tyuc, tranh nhirng chudéng ngai vat, phét hién ra
va tiép can duoc nhirng viing lira chay, dap chéy va ctu cac nan
nhan. Trong nghién ctru nay, chiing t6i da thiét ké, ché tao va
diéu khién Robot di dong dang banh dai c6 kha ning di chuyén
trén mot sé dia hinh bién ddi, dugc trang bi hé thong thi giéc
may dé nhan dang lra va di chuyén t6i vang hia, tranh cac
chuéng ngai vat trén dwong di chuyén. Céc két qua thir nghiém
ban dau cho thay su chinh xac cuia viéc nhan dang lira va kha
nang ciia Robot tranh céc vat can trong khi tiép can ving lira dé
thyc hién tac nghiép yéu ciu.

1. Téng quan vé Robot chira chay
Hoa hoan la mot trong nhiing tham hoa 16n gay thiét hai 16n

cho tinh mang va suc khoe con ngudi, phéa huy tai nguyén thién
nhién va gy 6 nhiém moi truong. Tai Viét Nam nhitng ndm

gan day, toc d do thi hoa va cong nghiép hoa dién ra manh mé
dan dén s6 vu hoa hoan ciing tang 1én khong ngimg. Theo thong
bao cia S& Canh sat va phong chay Ha Ndi, trong nam 2023
xdy ra 3456 vu chay nd khién 157 ngudi chét, 136 ngudi bi
thuong va thiét hai tai san 1én dén 878 ti dong [1] . Khi dam
chay 16n bung phat, nhiém vu ctia nguoi ctru hoa 1a nhanh
chong dép lira va ctru hd nguoi ra khoi khu vie nguy hiém.
Cbong viéc ciia nhitng nguoi linh ctru hoa 1a vo cling nguy hiém.
Moi truong hén loan trong hoa hoan 1a nguyén nhan chinh gay
ra cai chét va bi thuong cua nhirng nguodi bi la bao vay. Nguoi
linh ctru hoa can phai tiép can vung lira va tién hanh dap lua
trude khi lira bung 1én khong thé kiém soat. Nhimng nguoi linh
ctru hoa can phai c6 di thong tin vé ving chay, mirc d9 chay va
ca vi tri cua nhimg ngudi dang gip nan trong thoi gian thyc dé
duara quyét dinh dép Itra va ctru h curu nan dung lic. Day la
cong viéc rat kho khin khi tim nhin bi han ché, méi truong lam
vige thay dbi lién tuc do khéi day dic, nhiét do cao, twong va
tran nha va cac vat dung khac c6 thé dé sap.

Robot 1a mét trong nhing linh vue ty dong hoa phat trién rat
nhanh trong nhiing thap ky qua. Rat nhiéu cac hé thong Robot
duoc phat trién dé loai trir yéu t6 con nguoi khoi nhung cong
viéc nguy hiém. Viéc nghién ctru va phat trién cac Robot chita
chiy dé trg gitip va thay thé nhiing ngudi linh ciru hoa trd nén
cap thiét. Nhimg Robot niy c6 thé tham nhép vao nhimg ving
chay dé kiém tra tinh trang, thue hién cac hoat dong ciru hd ctru
nan va dap chdy theo ché d6 diéu khién bang tay hodc tu dong
hoan toan. C6 mét s6 cac Robot chita chay duoc phat trién tai
Nhat Ban va My. O giai doan phit trién dau tién, hiu hét cac
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Robot chita chay hoat dong & ché d6 diéu khién tir xa
[2,3,4,5,6,7]. Robot Thermite RS3 duogc san xuat bai cong ty
Howe & Howe Technology-My 18 mdt Robot chita chay
chuyén dung, dugc diéu khién tir xa va c6 thé di chuyén trong
pham vi 400m. Két hop vdi video quan sat bén trong, Robot
nay c6 thé duoc diéu khién ngudi van hanh di chuyén trén cac
dia hinh phtic tap cua ddm chay, day nhiing vat can ra khoi
duong di cua chung. Robot Thermite 1a mét trong cac Robot
dap tmg dugc yéu cau lam viéc trong moi truong nguy hiém va
bién d6i ctia moi trudng hoat dong cua cac vu chay [2]. Robot
chira chay Scrum Force dugc phat trién tai Nhat Ban va duoc
st dung boi phong Canh sat chita chay thanh phd Ichihara-
Nhat Ban. Day 1a Robot di dong dang banh xe, di chuyén linh
hoat va tuong dbi nhanh, nhung kha ning vuot tranh vét can
chua hiéu qua [3]. Cho dén nay, hiu nhu chura c6 Robot chita
chay tyr dong nao duoc phat trién va tham gia vao tac nghiép
thyc t&. Mot s6 md hinh dwoc phat trién trong phong thi nghiém,
con rét nhiéu han ché, hau hét cac nghién ciru vé Robot chita
chéy chu yeu tap trung giai quyét bai toan xir Iy anh, chua quan
tam dén thiét ké phu hop v6i dia hinh lam viéc thyuc té va cac
bai toan chuyén dong yéu cau [8,9,10]. Mot sé md hinh duoc
phat trién trong phong thi nghiém, nhu mé hinh Robot ctru hoa
dang ngudi SAFFIiR duogc trang bi camera hdng ngoai, tuy
nhién nghién ctru ciing chi dimg lai & budc thiét ké Robot va
thyc hién nhan dang chdy ma chua giai quyét bai toan diéu
khién Robot thuc hién hoat dong di chuyén va chira chay [11].

Nham phaét trién mot hé thong Robot c6 kha nang di chuyén
trén dia hinh phic tap va hdn loan, ching toi dé xuat thiét ké va
ché tao robot dang dai bam dwong. Viéc st dung cac loai dai
bam dudng dwoc chig minh ting kha nang linh hoat di chuyén
trén céc dia hinh phuc tap, cac dia hinh c6 d6 déc nhu cau thang
[12]. Robot c6 hai ché do hoat dong 1a diéu khién tir xa va ty
chu hoan toan. Trong nghién cttu nay, ching t6i tap trung vao
viéc thiét ké va diéu khién Robot hoat dong tu dong tranh vat
can va tiép can dam chay dé dap lira. Cong nghé hoc sau deep-
learning- cu thé 1a cdng cu YOLOv4 dugc tng dung trong viéc
phét hién hra va duoc tich hop vao hé théng cho phép thuc hién
trong thoi gian thyuc [13]. Bo diéu khién duoc thiét ké trén co
s& bo diéu khién logic kha trinh két hop véi méy tinh chu. Thuat
toan Bug 2 duoc st dung dé thiét ké quy dao tranh vat can cho
Robot nhd céc tin hiéu nhan duoc tir cam bién siéu am lap dat
phia tréc va phan hong xe. Cac thir nghiém trén hé théng cho
thdy mo hinh YOLOV4 cho nhan dang hira véi do tin cay cao va
Robot c6 kha ning tiép can viing lira trong khi tranh cac chuéng
ngai vat trén duong di chuyén.

Céu trlic cuia bai bao nhu sau: muc 11 md ta thiét ké va nguyén

Iy 1am viéc cua Robot chira chay dé xuat, muyc 11 gidi thiéu

khoi thi giac may va mot so ket qua tng dung, muc IV trinh

bay vé kich ban thir ng,hiém va danh gia, muc V danh cho két

luan va hudng phét trién.

2. Céu tric va nguyén ly 1am viéc ciia Robot
chira chay

2.1. Céu trdc va cac phan tir co' ban ciia h¢ théng Robot
chira chay deé xuat

Yéu cau co ban cua Robot chira chay la phét hién, tiép can

duoc vung lira, di chuyén va dung lai tai mot khoang cach

thich hop dé dap chay. D€ dap ung yéu cau trén, ching t6i dé

Xuat cau truc ctia Robot chita chdy gom céac khoi chicc nang

chinh nhu sau: khung co khi, khéi’ diéu khién, khdi chap hanh,
khoi thi giac may va khdi cam bién (Hinh 1).

Khi digu khién

My tiab Camera
chit
B¢ diéu khién PLC J-

Khai thi gidc may

Driver #2

Driver #1
Pong co bénh Dong co banh trii
phai+ encoder +encoder

Khéi chap hanh

Hinh 1: So b khéi téng quat ciia hé théng Robot chita chay.
2.2. Céu tric co khi cia Robot
Robot chita chay duoc thiét ké c6 kich thudc 0.72x1x0.3(m?)

véi khoi lugng 50 kg, nguon cap cho Robots hoat dong toi
thidu 12 4 gio, chiu duoc nhiét do trén dusi 300°C (Hinh 2).

Pai dan

Bénh chl
dong

Banh bam duong

Hinh 2. Thiét ké cua Robot.

Céu tric co khi cua hé théng bao gdbm: khung xe, gam, dai
truyén, hai banh chu dong, hai banh thu dong va ba cip banh
bam duong. Khung xe va gim dwoc 1am tir hop kim thép cé
phun I6p son tinh dién dé tang kha ning chiu nhiét va chéng
ri sét. Hai banh chu dong dugc lp dat phia sau xe, mdi banh
dugc truyén dong boi dong co mot chiéu cé giam tc. Banh
truyén dong c6 cAc vau an khép voi dai truyén dé kéo dai
truyén chuyén dong. Hai banh thy dong dugc bé tri phia truéc
xe, €6 nhiém vu cang dai, tranh hién tuong chung dai. Pai
truyén dwoc 1am tir vat lidu cao su chiu nhiét duoc st dung dé
truyén lyc tir banh chu dong sang cic banh bam duong va
banh cang dai. Nho dai truyén nay, Robot ¢6 kha nang bam
mit dét tot hon do dién tich tiép xuc lon, phan bd trong lugng
déuhon va di chuyen trén cac dia hinh c6 bé mat méap mo, cau
thang déc hoic nén dat yéu.

Thoéng s6 ky thuat co ban ciia Robot dugc trinh bay trén bang 1.

Bing 1. Céc théng s6 co ban

Céc thong sé chung

Tong khoi luong 50 kg

Kich thudc 0.72 (m)x1(m)x0.3(m)
Toc d6 toi da 0.2m/s

S0 gio hoat dong lién tuc toi da 4 gio
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2.3. Ngudn cép va hé truyén dong

Ngudn cap cho hé thong bo 8 cell pin lithium cé dién ap 24 V
va dung lugng 400Ah, c6 mach nap/xa, nho dé hé thong co
thé hoat dong lién tuc trong 4 gio. Dé truyén dong cho hai
banh chi dong, hai dong co mot chiéu c6 giam tdc duoc cap
tin hiéu diéu khién tir cac drivers. Mdi dong co déu c6 gan
encoder. Trén khung xe c6 gan dén va cdi, ngoai ra phia truc
va hdng xe c6 gan cac nit ding khan cap dé ngit nguon trong
truong hop su ¢b. Cac thiét bi truyén dong va diéu khién duoc
bé tri bén trong cua Robot nhu trén Hinh 3.

PLC Driver

Hinh 3. Céc thiét bi truyén dong va diéu khién duoc l4p dat trong robot.

Cac thdng sb co ban cuaa khdi truyén dong duoc liét ké trong
bang 2.

Bang 2. Thong sb khéi truyén déng

Khoi nguon
Pong co truyén dong

8 cells LiPO 24V, 400Ah
Dong co DC ¢6 giam toc, cong suat 100W, dién
ap 24V, toc d6 dinh muc 270 vong/phut.

Encoder Do phéan giai 100 xung/vong, dién ap lam viéc
0-30VvDC.
Driver bién ap cung cap: 12-40 VDC

Dong dién dau ra: 0-40A

Cong suat diu ra 16n nhét: 400W
Pién ap diéu khién twong tw:0-5VDC
Tan s6 PWM: 13kHz

Ché d6 dao chiéu dong co

2.4. Khéi cam bién

Trong hé théng Robot nay, encoder 1a mét thiét bi duogc sir
dung dé xac dinh tdc do quay ciia dong co va tinh toan quing
dudng ma robot da di dugc. Thong tin nay dwoc gui dén bo
diéu khién van tc va vi tri, giap cho hé thong cé thé diéu
chinh téc d6 va vi tri di chuyén cua robot mét cach chinh xac.
Céc thdng sb caa Encoder dugc xac dinh trong bang 2.

Cam bién siéu 4m SRF05 duoc lya chon dé phét hién va xac
dinh khoang cach dén vat can. Thong tin nay duoc gui dén va
xir ly trén Arduino Mega va tra lai cac van téc can thiét cho
khéi diéu khién chinh 1a PLC. Cam bién nay c6 goc quét 15°
va pham vi phat hién vat can tu 2 cm dén 450 cm.

Camera d¢ sau ciing 1a mot thiét bi cam bién hinh anh dugc
st dung trong hé thong. Cac thong so cu thé ciia Camera
duoc trinh bay trong phéan thi gidc may.

2.5. Khéi diéu khién

Robot duoc phét trién dé lam viéc ¢ ca hai ché do: diéu khién
tir xa va tu dong. Viéc diéu khién thu cong dugc thuc hién
thdng qua tay cam khong day két ndi véi bo thu tin hisu dat
trong robot. Chirc ning diéu khién ty dong dwoc van hanh

thng qua tin hi¢u tra yé may tinh tir camera, truyép théng cac
tin hiéu xuéng PLC bang giao thirc modbus qua cong RS485.

2.5.1. Ché dp diéu khién tir xa

Thiét bi diédu khién tir xa bao gdm thiét bj tay khién Flysky 6
kénh 1am nhiém vu phat tin hiéu va thiét bi thu Fs-ia6b. Bo
thu tin higu duoc str dung dé nhan tin hiéu tir tay khién, cho
phép ngudi diéu khién robot di chuyén trong pham vi nguoi
diéu khién c6 thé quan sat. Ngoai ra, bo thu tin hiéu tay cam
con cho phép chuyén dbi giita ché d6 didu khién bang tay va
ché @6 ty dong, gitip cho nguoi diéu khién co thé linh hoat
thay d6i ché d¢ diéu khién tuy theo tinh huéng.

Do bo diéu khién sir dung PLC khong doc duogc dir lidu tir bo
thu tin hiéu mot céch truc tiép, vi didu khién Arduino mega
2560 duoc st dung dé doc dugc tin hi¢u nay va giri thong tin
vé cho PLC.

(a) (b)
Hinh 4. Tay khién (a) va thiét bi thu tin hiéu (b).

2.5.2. Ché dp diéu khién tw djpng

Bo diu khién tu dong bao gdm may tinh chi va PLC FX3U
24MT 6AD 2DA véi két nbi RS485 dé diéu khién hoat dong
cua hai dong co truyén dong banh chu dong, di chuyén Robot
tiép can vung lra va tranh cac chuéng ngai vat trén duong
di. May tinh cha duoc cai dit bo phat hién lira duoc huan
luyén trén YOLOV4, nhan dir liéu vat can tir cac cam bién
siéu am, thyc hién thuat todn xac dinh vi tri hién tai cua Ro-
bot, thiét ké quy dao tranh vat can. Thong tin nay cing voi
cac thong tin tir cac cam bién khac duoc gui dén PLC dé xur
ly va tinh toan dé tao ra tin hiéu diéu khién cho driver, gidp
diéu khién hai dong co cua hé théng hoat dong mot cach
chinh xac va 6n dinh. PLC FX3U 24MT 6AD 2DA duoc lya
chon do cung cép du cac diu ra tuong tu dé didu khién hai
dong co truyén dong banh, cac dau vao doc tin hiéu tir cac
encoder, cac dau ra sé dé diéu khién chiéu quay cua cac dong
co, cong RS485 dé giao tiép véi may tinh.

Chu trinh hoat d6ng caa Robot duoc md ta trén hinh 5. Bit
dau chu trinh, Camera dit trén Robot s& chup anh va gui
théng tin vé may tinh chi dé nhan dang va khoanh céc ving
Ira nhan dang duoc trén anh, sau do tinh toan goéc nghiéng
gitra camera va tdm vlng chay, toa d6 cua tdm vung chay
dugc chuyén xubng PLC (day la nhiém vu cua khéi thi giac
may s& duogc trinh bay chi tiét trong muc sau). Dya vao cac
thong tin ny, PLC s& xit 1y, tinh toan dua tin hiéu diéu khién
xudng cac driver dé didu khién cac dong co truyén dong
banh chii, dua Robot tiép can vung chay va ding lai tai
khoang cach an toan trudc dam chay (quy woc la vi tri dich).
Giao tiép dugc giita may tinh va PLC la modbus RTU théng
qua cong RS-485. Giao thirc Modbus dugc st dung phd bién
nhat 1d Modbus RTU trén duong truyén vat ly RS-485. Mod-
bus RTU la mét giao thirc truyén ndi tiép twong ddi don gian
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dya trén giao thirc UART. Dit liéu duoc truyén theo byte,
tbc do baudrate thuong dwoc cdu hinh trong khoang tir
1200bps dé&n 115200bps. Dé theo dbi dir liéu thanh ghi tai
PLC tir PC va ddng bo ngdn ngit Python sir dung phan lap
trinh theo phat hién vat thé, ngon ngir Python va bo thu vién
Easymodbus dugc sir dung.

Robot quay tai
cho

Robot quay vé hudng Ira da phat

Robot bam theo dwirng thang huéng tai dich

Phat hién cd vét can

Rabot dirng tai diém dich va tién hanh
phun nuéc dép chay

Hinh 5. Luu db di chuyén tiép can lua va tranh vat can cia Robot trong ché
do tu dong.

Quy dao chuyén dong s& duoc hoach dinh so bo ban dau la
duong thing tir vi tri hién tai cua Robot t6i vi tri dich truéc
dam chay. Néu trén dudng di robot phat hién vat can, robot
dya vao tin hiéu cac cam bién siéu am s& chuyén huéng va
di theo duong bao cua vat can theo thuat toan Bug? [8]. Dé
xéc dinh vat can, nam b cam bién siéu 4&m SRF05 duoc gan
phia truéc va héng cia Robot. Trong qua trinh di chuyén,
robot lién tuc tinh todn vi tri toa do cua chinh né dua trén
théng tin nhan duoc tir cac encoder. Khi quy dao vong theo
duong bao vat can cit quy dao thang ban dau, robot s& xoay
huéng va bam theo quy dao thing. Qua trinh vong theo
duong bao sé tiép tuc néu Robot gap céc vat can khac cho
dén khi dat t&i vi tri dich. Minh hoa vé di chuyén tiép can
dam chay va tranh vat can dugc mé ta trén Hinh 6.

3. Khdi thi gidc may
Khdi thi giac may dugc thiét ké bao gém may tinh chu va

camera D435i (Hinh 7c¢). Camera D435i sir dung cong nghé
do d6 sau, cd pham vi géc quan sat 69° x 42° (£3°), d6 phéan

giai t6i da 1a 1920 x 1080, téc do khung hinh 30FPS va pham
vi hoat dong tir 30cm dén 500 cm. Camera duoc sir dung dé
ldy hinh anh thoi gian thuc dé 1am dau vao cho bai toan nhan
dang cac vat thé, & day 1a lira. Tir céc hinh anh thu thap duoc
tir camera, khdi diéu khién cé thé xac dinh khoang céch va
goc dén ngon lira va tir d6 co6 thé dua ra cac tin hiéu toi PLC
dé diéu khién cho robot chuyén dong hudng dén ving hra.

Vi tri dirng

Vit can 2

/

Hinh 6. Chuyén dong huéng vé phia viing lira dugc phat hién va tranh vat
can theo thuat todn Bug 2.

(b) Cam bién SRF05

sidu &m (c) Camera D435

@)

Hinh 7. Robot dugc trang bi Camera va cac cam bién tranh vat can.

Khéi thi gidc duoc st dung trong hé thong dé thuc hién viéc
nhan dang ving lira. Camera d6 sau 435i chup va gui anh vé
may tinh chu dé xac dinh toa do viing chay trong thoi gian
thyc va truyén théng tin téi bo diéu khién chuyén dong PLC.
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Trong nghién cau r]éy, mang YOLOv4 dugc sir dung dé nhan
dang vung lua. Kién trac duoc su dung trong YOLOV4 bao
gom 3 thanh phan chinh nhu trén hinh 8;

e Xuong song (Backbone): CSPDarkNet53

e Cb (Neck): SPP (Spatial Pyramid Pooling) module, PANet

e Head: YOLOV3

B :
Input Backbone [ Neck Head
| [ )
" -
- ; y
-
=
| I
CSP-Darknet53 PA Net YOLO

Hinh 8. C4u trdc cua bd nhan dang YOLOv4.

Tuong tu nhu cac bd nhan dang khac, YOLOVA4 nhan anh du
vao Vva trich xuét cac dic trung thong qua cac 16p no-ron tich
chap cua phan xuong séng (backbone). Phan xwong sdng nay
duoc xay dung tir CSPDarknet53 bao gom 106 16p tich chap
va két ndi du, co nhiém vy trich xuat dic trung cua hinh anh
dau vao khi thu nhé dan kich thudc cua anh. Khéi ¢ (neck)
str dung SPP Block va PANet c6 nhiém vu tron va két hop ban
d6 dic trung da duoc hoc théng qua qua trinh trich xuat dic
trung va qua trinh nhan dang. Khdi dau (head) duoc sir dung
dé tong hop va tuong tac v6i ban dd dic trung véi cac ty 18
khac nhau dé nhan dang vat thé véi cac kich thuéc khac nhau.
Viéc nhan dang céc vat thé trong cac anh dién ra & phan dau
cua YOLO.

Qua trinh huan luyén mang nhan dang gém céac budc nhu sau:

Budc 1. Thu thap dir liéu: khoang 2500 anh Itra duoc thu
thap va sau d6 str dung ky thuat tang cuong dé da dang dit liu
(Hinh 9). C4c anh duoc ly tir nhiéu ngudn khac nhau nhu trén
tap dir liéu cua Kaggle, anh do S¢ Canh sat Phong chay chira
chéy cung cip va anh tu chup véi cac diéu kién thoi tiét khac
nhau, cac khu vuc khac nhau va tai cac thoi diém khéac nhau
trong ngay dé dam bao sy da dang cua dit liéu.

Hinh 9. Mot s6 anh lira thu thap va ting cuong.

Buéc 2. Gan nhdn: st dung cdng cu Labellmg tao mot
hinh hop (box bounding) bao quang c4c viing lira trong tat ca
cac anh dix liéu voi ghi cht “Fire”. Sau khi gan nhan xong,
ching ta sé& co file .txt ghi lai tat ca céc thong tin vé lira trong
tat ca cac anh.

Budc 3. Huin luyén md hinh trén YOLOv4
Str dung Google Colab véi cdu hinh GPU Tesla P100 véi
12GB RAM, trén mdi truong Python 3, Torch 1.7 dé huan
luyén md hinh. Céc dir liéu thu thap chia thanh ba tap huén
luyén (train), ddi sanh (val) va kiém tra (test) theo ty lé
70:20:10.
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Hinh 10. Ham tén thét ciia mé hinh sau khoang 6000 vong train.

Hoc chuyén giao (Transfer learning) dwoc ap dung dé hoc cac
trich xuat dac trung tir dit liéu va tinh chinh (fine-turning) trén
dic tinh cua anh lira. M@ hinh tién huan luyén duoc liy tir
Yolo4-custom vaéi toc d6 hoc (learning rate) 1a 1e® va lwong
anh mau di liéu trong mét 1an huan luyén (batch size) bang
32. Hiéu qua caa mo hinh huan luyén duoc danh gia qua ham
t6n that biéu dién sai léch giira nhan do mo hinh dang du doan
s0 v6i nhan thuc. Db thi ham tén thét (loss function) thu dugc
nhu trén Hinh 10.

Két qua ham loss dat gia tri bdo hoa va thay d6i khong dang
ké tir vong thir 5000. Dé tranh hién tugng qué khép, d6 1a md
hinh nhan dang qua chi tiét vao cac di liéu huan luyén, 1am
mat di sy da dang khi nhan dang ddi twong véi nén va goc
chup khac nhau, viéc huan luyén mé hinh s& dirng lai sau 6000
vong huan luyén. Két qua cua qua trinh huan luyén 1a mot
mang No-ron véi cac trong sé da duoc cap nhat dé cé thé phat
hién va nhan dang lira. Bé kiém tra do chinh xac ciia md hinh,
chung t6i da kiém thir mé hinh trén mot s6 anh trén tap test
(Hinh. 11) va anh chup tir camera gan trén Robot dugc chuyén
vé may tinh trong thoi gian thuc (Hinh 11).

(a) khi anh m&s (b) khi anh 16 nét

Hinh 11. Cac két qua nhan dang mot sé anh trong tap test trén mo hinh da
huan luyén.
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Két qua nhan dang mot s6 anh trong tap kiém tra duoc thé
hién trén Hinh 12.

Hinh 12. Két qua nhan dang ving lira trong thoi gian thuc tir anh chup va
truyen tir camera vé may chu.

C6 thé thiy khi anh c6 d¢ sang, vang lira rd rang thi do ty tin
(confidence score) 16n (=1) va khi anh m¢ hon thi d6 tin cay
giam di (=0.98). Hinh 12 cho thiy két qua nhan dang trong
thoi glan thuc. Camera gin trén Robot gui video vé may tinh
chu, két qua nhan dang cho thdy mé hinh huin luyén nhan
dang dugc cac vung lira trén video véi do chinh xac cao. Véi
két qua nay, hoan toan c6 thé tich hop khol thi gidc may vao
hé théng Robot dé thyuc hién bai toan yéu cau.

4. Thuwc nghiém va két qua

Dé kiém tra kha nang nhan dang lta va tiép can chinh xéc
cia Robot, mot sb thi nghiém duoc thuc hién. Kich ban va
két qua thir nghiém duoc thé hién trén Hinh 13. Robot dugc
diéu khién tir xa t6i hién truong c6 dam chay. Trong kich
ban nay, Robot cach dam chay 10m va nghiéng véi dam chay
khoang 30 do. Dau tién, Robot s& quay tai chd dé khdi thi
gidc may phat hién va nhan dang vung lua, khi vang lira
dugc phéat hién, may tinh chi chay chuong trinh xac dinh
gébc léch huéng gitra Robot véi tdm lira va vi tri cia thm vang
lra. Robot s& quay mot goc léch dé husng vé ving lira (Hinh
13.a). Quy dao toan cuc dugc xac lap 1a duong thang néi vi
tri thuc té cua Robot tdi vi tri truge vang lira mot khoang
cach an toan 1a 40 cm. Robot s& chuyén dong theo duong
thang (Hinh 13. b). Khi c6 chuong ngai vat Xuét hién, Robot
s& durng lai va xoay hudng va van chuyen theo duong bao
quanh vat can (Hinh 13. ¢,d). Robot tiép tuc di chuyén xung
quanh dudng bao cho dén khi gap quy dao thing ban dau s&
ding lai (13. ) va quay hudng dé bam theo quy dao thang
(13.f) va dirng lai trudc ving chay 40 cm (13.g) dé chuan bi
dap chay.

(d)

O (® (9)

Hinh 13. Két qua thyc nghiém tranh vat can va tiép can viing chéy.

Két qua thuc nghiém cho thiy kha nang nhan dang chinh xac
vung ltra cua hé thong thi giac may va tinh hiéu qua cua hé
thong diéu khién chuyén dong Robot tiép can chinh xac ving
lua.

5. Kétluan

Robot chira chay dugc thiét ké trong nghién ciru nay c6 dang
dai truyén bam dwdng va cau tric phi hop dé di chuyén linh
hoat va lam tur cac vat liéu chiu nhiét, phu hgp vai moi truong
khéc nghiét cua cac vu chay. Khéi thi giac may trén co sé bo
nhan dang YOLOV4 c6 kha nang nhan dang va phat hién cac
vung chay vaéi do chinh xéc cao trong thoi gian thuc. Robot
dugc trang bi cac cam bién siéu 4m dé tranh c6 kha nang tranh
dugc c&c vat can trén quang duong di chuyén vé phia cac ving
chay. Khéi diéu khién sir dung PLC va may tinh chia duoc
thiét ké dé thuc hién di chuyén Robot tiép can chinh xac viing
chay nhan dang dugc. Cac két qua thir nghiém cho thiy Robot
da bude dau dap (ng cac yéu cu co ban trong tng dung dap
chay. Trong céc nghién ctu tiép theo, chiing toi s& tiép tuc
nang cao tinh hiéu qua, do chinh xac va tdc do hoat dong cua
bo nhan dang cua khéi thi gidc may va khdi cam bién tranh
vat can, phét trién hé thbng Robot chira chay c6 thé lam viéc
trong cac moi truong thuc té.
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