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ABSTRACT

Modern civil defense requires rapid access to hazardous areas, accurate
information acquisition, and minimized risks for frontline response forces during
natural disasters, structural failures, industrial accidents, explosions, and
environments with potential toxic hazards. Multi-functional reconnaissance
robots play a crucial role in supporting human operators, particularly in
confined and high-risk environments such as tunnels, collapsed structures, toxic
gas—contaminated areas, and fragmented terrain.

This study presents the design, development, and application of a next-
generation multi-functional reconnaissance robot integrating a comprehensive
set of technologies, including GPS waypoint-based navigation, 5.8 GHz real-
time video transmission, 2.4 GHz wireless control, environmental sensing (CO,
CH.4, LPG, and temperature), a metal detection sensor for mine detection and
marking tasks, and an optimized tracked mobility system for traversing complex
terrain, with integrated artificial intelligence (Al). The robot was experimentally
tested wunder various realistic scenarios and demonstrated significant
effectiveness in reconnaissance missions for civil defense operations.

TOM TAT

Phong thu dan sy hién dai doi hoi kha nang tié’p can hién truong nhanh, thu thap
théng tin chinh xdc theo thoi gian thuwe va giam thiéu rii ro cho lwc lrong truc
tiép tham gia vmg ciru triede cdc tham hoa tw nhién, sw ¢é cong trinh, tai nan
cong nghiép, chdy né va khu viee c6 nguy co doc hai. Trong boi canh d6, Robot
trinh sat da nhiém ung dung tri tué nhan tqgo (A1) dong vai tro ngay cang quan
trong trong viéc hé tro con nguweoi; ddc biét, tai nhitng khong gian nho hep, nguy
hiém, nhue: ham [0, cong trinh sdp dé, khu vue 0 nhiém khi doc, dia hinh bi chia
cdt.

Nghién ciru ndy trinh bdy viéc thiét ké, ché tao va vmg dung Robot trinh sdt da
nhiém thé hé méi, tich hop day dii cac cong nghé: dinh vi GPS — waypoint, truyén
hinh anh thoi gian thiee bang tan 5.8 GHz, diéu khién vé tuyén 2.4 GHz, hé thong
cam bién méi trieong (CO, CHy, LPG, nhiét d3), cam bién kim loai cho nhiém vu
do min — danh ddu va hé thong banh xich toi wu vueot dia hinh, két hop mé-dun
tri tué nhan tao (Al) cho nhan dang muc tiéu, danh gia nguy co méi truong va
hé tro diéu hwong thong minh. Robot dwoc thur nghiém thuc e trong nhiéu kich

26



Tap chi Khoa hoc Truwong Pai hoc Bac Liéu, S6 12 (6/2026): 26-34
tué nhdn tao; cam bdn moé ph(jng va thue dia cho thd'y hiéu qua ro rét trong nhiém vu trinh sat, hé
biéen moi truong. tro ra quyeét dinh va ndng cao mirc dé an toan trong cong tac phong thu dan su.

1. Gi6i thiéu vin dé nghién ctru

Cong nghé robot 12 mot linh vyc khoa hoc, ki thut chuyén nghién cru, thiét ké va phat
trién robot c6 kha ning thuc hién cac nhiém vu va tac dong vao moi truong thong qua cam bién,
xtr 1 thong tin va hanh dong vat li. Cong nghé robot ngay cang phat trién va céc robot c6 kha ning
hoat dong thong minh, linh hoat va tuong tac voi con ngudi nho su két hop boi céc linh vuc khoa
hoc ki thuat, cac nganh cong nghi¢p co dién ti, dién tir, cong ngh¢ thong tin va tri tué¢ nhan tao.
Nhitng ndm gan déy, robot tu hanh da c6 sy phat trién vugt bc, song van con nhiéu thach thirc
doi hoi sy hoan thién va dap img t6i da cac yéu cau thuc te cta con ngudi. Va mot trong nhing
yéu cau dang thu hit dugc sy nhiéu quan tam do la giai quyét bai toan tim duong cho robot va van
dé tranh va cham, canh bao va cham, truyén dit liéu video hinh anh vé trung tim xu ly cua robot
tur hanh 1a mot thach thirc 16n dugc dat ra cho cac nha nghién ctru, cac nha san Xudt va cac nha tu
Van giai phap tu dong hoa. Boi vy, cac nghién ciru vé phat hién va tranh va cham, truyén dir liéu
vé trung tim cho robot ty hanh d thu hat sy quan tdm cta nhiéu nha khoa hoc, nha nghién ctru va
cac tap doan cong ngh¢ 16n trén thé gidi (Boston Dynamics, ABB Robotics, KUKA Robotics,
Yaskawa...) nham giai quyét thach thic va dd mo rong pham vi cho hé thdng da robot hoat dong
trong moi trudng dong theo thoi gian thuc.

Trong bbi canh bién d6i khi hau, d6 thi hoa nhanh va phat trién cong nghiép manh mg nhu
hién nay, cac sy c6 nhu sap d6 cong trinh, chay n6 d6 thi, tai nan ham 16, sat 10 dia chét, sy c6 hoa
chat doc hai ngay cang gia tang ca vé tan suat va muc do nguy hiém. Céc tinh hudng nay doi hoi
luc lwong ctru ho phai tiép can hién truong nhanh chong dé trinh sat, danh gia mc do rui ro, tim
kiém nan nhan va khoanh ving nguy hiém. Tuy nhién, cac robot trinh sat tu hanh hién nay trong
cac nghién ctru (J, Paul, 2013; Rubio, Francisco, Francisco Valero, Carlos Llopis-Albert, 2019)
viéc do duong di, tranh vat can trong khong gian hep, méi trudng thiéu anh sang, truyén dir liéu
hinh 4nh ¢ cy ly xa con han ché, viéc cai dat ung dung Al cho céac robot tu xtr Iy khi c6 cac tinh
hudng bit ngo xay ra chua thuc hién dugc. Trén thé gidi, xu hudng Gmg dung robot trinh sat va
ctru ho tich hop Al da dugc trién khai rong rai nham thay thé con ngudi o giai doan ban dau (IEEE
Robotics and Automation Society, 2020), nho cac uu diém vuot troi, nhu kha nang co dong cao,
truyen duoc dir liéu video, hinh anh vé trung tam. Tuy nhién cac nghién ctru trén van con boc 16
nhiéu han ché nhu di chuyen trong diéu kién dia hinh phuc tap, xac dinh toa do, truyen dir liéu
video, hinh anh vé trung tim xir 1y con phét sinh ra 18i va chua chinh xac.

Do do, viéc nghién ctru va trién khai robot trinh sat da nhiém trmg dung tri tu¢ nhan tao, xac
dinh toa d¢, truyén dir lidu video, hinh anh vé trung tdm xir Iy mot cach chinh xac phuc vu cong
tac phong thu dan sy & Viét Nam 1a huéng di phu hop, mang tinh cép thiét, gép phan nang cao
nang lyc img pho tham hoa va hién dai hoa trang bi k¥ thuat (Van phong chinh phu, 2025).

2. Co sé khoa hgc va cong nghé

- Str dung hé théng dinh vi GPS Neo-6M trong moi trudong ctru ho cho thiét bi Robot trinh
sat da nhiém, voi cac thong s6 ki thuat:

Bang 1. Thong s6 ky thuit cho hé thong dinh vi GPS Neo-6M

Danh muc Thong s6 k¥ thuit
Sai s6 2D +2.5m
Sai s6 3D +4-5m
Tan s6 cap nhat 1 Hz
Tan s6 hoat dong 575.42 MHz
Do nhay thu -161 dBm

Hé théng dinh vi GPS gitip robot: Xac dinh vi tri lién tuc, luu vét hanh trinh, tu hanh theo
danh sach waypoint, gui file KML phuc vu gidm sat ban do.
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- Hé thdng dinh huéng — La ban s6 HMC5883L (B cam bién la ban).
Béang 2. Thong so ky thuat cho hé thong dinh hwéng

Danh muc Thong s6 k¥ thujit
Sai s6 huéng +]1° - £2°
Tan s6 doc 75 Hz

e D4 nhay tit trwong 5mG

Heé thdng dinh hudng — La ban s6 HMC5883L dung dé: Giir phwong hudng khi di chuyen
sua sai léch do rung dong, ho tro diéu khién PID cho he thong banh xich cta robot trong qua trinh di chuyén.

Hinh 1. Ban dd phuc vu giam sat vi tri, hanh trinh cﬁa Robot
Du¢i day 1a mot doan chuong trinh lay toa dd diém ding chan bang Module GPS cua robot,
tinh goc can quay dé robot huéng dén diém can di chuyen t6i (¢ day coi hé thong kinh tuyén, vi
tuyén cua Trai Dat nhu mot hé truc toa do Oxy, diém dimg chan va diém Waypoint tao nén mot
dudng thang va tao v6i truc kinh do cua Trai Dat mot gbc xéac dinh).

/1111111 HMCS883L /1111111

float declinationAngle = (4.0+ (26.0 / 60.0)) / (180/PI);
compass.setDeclinationAngle(declinationAngle);
Vector mag = compass.readRaw();
compass.getHeadingDegrees();

corne_mpu = mag. HeadingDegress;

if(corne_mpu > 180) corne_mpu = corne_mpu - 360;
Serial.print(" Géc MPU =");
Serial.println(corne_mpu);

Serial.print(" ** ");
Sau day la doan chuong trinh lay goc ciia la ban va day ciing chinh 1a goc léch ciia robot
so v6i truc cua Tréai dat (P6i vai Module nay, sé chi goc ciia la ban dugc hién thi tir 0° dén 360°,
dé tién cho qua trinh tinh toén, & day ching t6i da xtr 1i goc nay vé thanh tir 270° dén 90°, trong do
0° 1a hudng Bic, 90° 13 huéng Tay, 270° 1a hudng Pong, 180° 1a hudng Nam).
- Truyén hinh anh bang tin 5.8 GHz: Dé truyén hinh anh sir dung Camera 600 TVL

Bang 3. Thong sb ky thuit ciia hé thdng Camera truyén hinh anh

Danh muc Thong s6 k¥ thuit
Cong suit phat 25/50/200 mW
bo tré 80—120 ms
Khoang cach truyén 250—400 m
Go6c nhin 120°
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Serial.print("Longitude");
Serial.print(gps.location.Ing(), 7);
Serial.print("**");

float latgps = gps.location.lat();

float longps = gps.location.Ing();

/111111 CALCULATE ///////

long kigps = ((longps-(long)longps)*10000000);
long vigps = ((latgps-(long)latgps) 10000000 );
long lon = ((ki[ack] (long)ki[ack])10000000);
long lati = ((vi[ack]-(long)vi[ack])*10000000);

/111111 CORIE_LEFT _RIGHT ///////
int doi = (lon-kigps);

int ke = (lati-vigps);

Serial.print(" D6i");
Serial.print(doi);

Serial.print(" Ké&");
Serial.print(ke);

Serial.print(" ** ");

float corne-0.00000;

/111111 CACULATER CORNE ////111

corne = atan2 (doi,ke)*58;

float pt = corne;

corne = corne — corne_mpu;

Serial.print(" Goc can quay =");

Serial.print(pt);

Serial.print(" ** ");

Serial.println();

//chuyen dol goc

if (corne (360 - corne)) corne = corne - 360;

Uu diém: Truyén hinh anh bang tan 5.8 GHz str dung Camera 600 TVL it nhiéu hon bang

tan 2.4 GHz, xuyén mdi truong ban mé tét, dap img yéu cau thoi gian thuc (J. Redmon et al., 2016).

if (abs(doi) <100 )
if (abs(ke) < 100 )

{

motor1.stop();
motor2.stop();
Serial.println(" Dung !!");
delay(3000);
ack++;
if ack > endmission
{
while(1)
(Serial.println("End Missions 111)};
}
}
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Phia trén I doan chuong trinh dimg Robot tam thoi dé chuan bi di chuyén dén diém Waypoint
tiép theo va doan chuong trinh dimg han robot khi d4 hoan thanh nhiém vu. Hinh anh trong qua trinh
di chuyén s& dugc camera thu lai va chuyén thanh tin hiéu thong qua anten & trén camera phét vé dau
thu ¢ day tan sd 5,8Ghz va duogc thu lai ¢ trén may thu tai Ban diéu khién & Trung tam chi huy, thuc
hién giai ma chuyén vé hinh anh dua qua man hinh LCD dugc lap dit trén Ban diéu khién.
- Hé thong diéu khién bang vo tuyén, giai tan sd tir 2.4-2.525 GHz.
Bang 4. Thong s6 ky thuit cho hé thong diéu khién bang vé tuyén

Danh muc Théng s6 k¥ thuit
Cong suit phat 20 dBm
Téc d6 dit liéu 250 kbps — 2 Mbps
Tam hoat dong 1100 m
Dong tiéu thu 90 mA
Anten RHCP 3 dBi

Giai phap nay dang tin cay cho nhiém vu: Diéu khién trong diéu kién dia hinh rong lon
(ngoai troi), truyén 1énh véi thoi gian thuc, d6 nhidu thap.
- Cam bién moi trudng:
Bang 5. Thong s6 ky thuit cho hé thong cim bién méi trudong

Loai cam bién Chirc nang
MQ-2 LPG, Propane
MQ-7 CcO
MQ-9 CHa, hon hop khi doc
DHT22/DS18B20 Nhiét do

Cam bién Do min - vat tlié la, Robot

Kim loa ghi lién tuc dir li¢u theo
1m foal chu ky 0.5-1 giay

- Piéu khién PID cho banh xich: Robot dung PID dé: Giit tbe do 6n dinh, giam ty 1¢ méat bam, toi
uu chuyén huéng ¢ khong gian hep.

-Pé nang cao kha nang nhan thirc moéi truong va mic do tu chu, hé théng Robot trinh sat
da nhiém duoc thiét ké theo kién trac phan ting, két hop chit ché giira phan cing diéu khién thoi
gian thuc va mo-dun xir 1y tri tué nhan tao (AI). Kién trac nay cho phép Robot vira dam bao do 6n
dinh, tin cdy trong diéu khién, vira thuc hién cac chirc nang nhan thic va ho trora quyét dinh thong
minh trong mdi trudng nguy hiém (S. Thrun, W. Burgard, D. Fox, 2005).
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SO PO KIEN TRUC TONG THE
HE THONG AI TREN ROBOT

TRUNG TAM CHI HUY
- Man hinh giam sat
- Nhéan canh bao Al
- Piéu khién va can thiép thu cong
A

Truyén dit liéw/
v Canh bao

LOP XU LY AI (EDGE Al)
- Nhan dang nan nhan/vét thé (CNN, YOLO)
- Phén tich hinh anh va chudng ngai vét.
- Phan tich dir liéu cam bién (AI/Fuzzy/ML).
- Panh gid mic d6 nguy hiém.
- Sinh canh bao théng minh.
A

Dir liéu cam bién
va hinh anh

4
LOP THU THAP DU LIEU

- Caméa 5.8 GHz.

- Cam bién khi (CO, CH4, LPG).

- Cam bién nhiét do.

- GPS vaLaban sé.

- Cam bién kim loai.

A

Diéu khién
va phan hdi

v

LOP PIEU KHIEN THOI GIAN THUC
- Vi diéu khién STM32/ATmega.
- Piéu khién PID banh xich.
- Pidu khién dong co vva servo.
- X 1y an toan tuc thoi.

+ Lop chi huy — giam sat (Command & Momtormg Layer): Dit li¢u da duoc Al xur ly, bao gdm
hinh anh chu thich, canh bao nguy hiém va thong tin vi tri, duoc truyén vé trung tam chi huy thong qua
kénh truyén khong day. Lép nay cho phép nguoi diéu khién giam sat tinh hudng, dua ra quyét dinh
chién thuat va can thiép thu cong khi can thiét.

+ Lép xtr ly Al tai bién (Edge Al Layer):

Mb-dun Al duoc trién khai tai bién nham giam do tré va dam bao kha nang xir Iy trong diéu
kién méat két ni. Tai 16p nay, céac thuat toan hoc sau dugc s dung dé nhan dang nan nhan, vat thé
nguy hiém va chuéng ngai tir hinh anh camera. Song song, dit liéu cam bién méi truong dugc - phén
tich bang cac mo hinh Al nhe hoic logic mo dé danh gia murc do nguy hiém theo ngir canh. Két qua
xir Iy dwoc hop nhit (data fusion) nham tao ra nhan thirc tong thé v€ moi truong xung quanh robot.

+ Lop thu thap dir liéu (Perception Layer): Lop nay bao gdm toan b hé thong cam bién va
thiét bi quan sat gan trén Robot, c6 nhiém vu thu thap dir liéu tho tir moi trudong tac nghiép. Dir lidu
bao gém hinh anh thoi gian thuc tir camera 5.8 GHz, thong tin vi tri tr GPS, dir liéu hudng tir la ban
s, cac thong s6 méi trudng nhu ndng do khi doc (CO, CHa, LPG), nhiét d6 va tin hiéu tir cam bién
kim loai. Pay 12 ngudn dit liéu dau vao quan trong cho cac thuat toan Al

+ L6p didu khién thoi gian thyuc (Control Layer): Lop diéu khién dam bao cac chitc niang van
hanh co ban ctia robot nhu diéu khién banh xich, déng co, servo camera va xi Iy an toan ttc thoi. Vi
diéu khién trung tim (STM32 hoic ATmega) thuce hién cac thuét toan PID nham duy tri 6n dinh chuyén
dong va phan ng nhanh trudc cac tinh hudng khan cép. L6p nay hoat dong doc lap voi Al dé dam bao
robot van an toan trong trudng hgp mo-dun Al gip su ¢o.
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3. Phuwong phap nghién ctru
- M6 hinh thtr nghiém
Robot dugce danh gia trong 4 mdi truong: Pong dd nat bé téng; Pudng dng hep (40-60
cm); Khu vuc kin c6 khi doc; Khong gian rdng ngoai troi
- B chi tiéu danh gia:

Nhom chi tiéu Pai lwgng

Co dong Kha’ nang l.eo doc, vuot
chudng ngai

Dicu khién Do tré, d6 on dinh tin hidu

Quan sat Chat lugng hinh anh

Moi truong Sai sO do khi, nhiét

Dinh vi Salr so GPS, dd 1éch
huong

Lién lac Khodng cach 6n dinh

4. Thiét ké hé thong Robot
- Tong thé co khi: Khung polymer chiu lyc; Chiéu dai: 38-45 cm; Trong lugng: 3.5-5.0
kg; Banh xich cao su bam dia hinh; Leo dbe: 35°; Vuot vat can: 12—18 cm; Tde d6: 0.6-1.2 m/s.
- Céu tric dién tir: Vi diéu khién trung tAm: STM32F103/ ATmega2560; Driver dong co:
30 A; Buck ngudn: 12V — 5V/3A; Dung luong pin: 12.6V — 6800 mAh.
- Camera va hé thong quan sat: 600 TVL; Tu cin bang sang; Servo chinh gdc quan sat;
Ché d6 chong rung s6 (Digital Anti-Shake).
5. Két qua thir nghiém — phén tich chi tiét Robot trinh sat da nhiém sir dung phin mém giam sat
thoi gian thuc, thuit toin SLAM (Lidar/Camera 3D), va moi trueong mé phéng (ROS/Gazebo)
5.1. Sai lgch huong

Bi€u do sai lé&ch hudng cla Robot

Sai léch hudng

Sai l&ch hudng (d§)

0 10 2I0 30 4ID Sb GIU
Thai gian (giay)
Biéu do cho thdy: Sai l¢ch 16n nhat: 14°; Trung binh: < 6°; Sau PID, sai léch gidgm 23%.—
bap tng dugc yéu cau dan duong ty dong chinh xac.
5.2. Truyén hinh dnh

Bi€u db chat lugng truyén hinh anh theo khoang céch
(D9 tré trung binh: 95 ms)

Chét lugng truyén hinh anh

0 50 100 150 200 250 300 350 400
Khodng cach (m)
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Danh gia: 0-200 m: On dinh; 200300 m: Giam nhe d6 twong phan; 300-400 m: Xuét hién
nhiéu nhe; Do tré trung binh: 95 ms.
Noi dung biéu d6 da thé hién ding cac thong sb theo yéu cau: 0-200 m: Tin hiéu gan nhu
6n dinh (chét lugng 88-95); 200-300 m: Giam nhe do tuong phan (chét luong 75— —80); 300400
m: Xuat hién nhidu (chit luong 55-65); Do tré trung binh: 95 ms (ghi 13 trong tiéu dé biéu do).
5.3. Nong dp khi dpc

Dit li€u do tai khu vuc mo6 phong:
Mirc Khi
nguy hiém| robot do
CO [ 1-9ppm |>30ppm | 12-32 ppm
CHs | <10ppm |>50ppm | 4885 ppm

Robot ghi diing viing nguy hiém — canh bao som cho lyc luong ctru hd (R. Murphy, 2014).

5.4. Dia hinh thuwc nghiém

Robot vuot dugc: Dbc 35° Vat can 14 cm; Bé mit tron uét. Ty 16 mat bam giam tir
38% — 21% sau PID.

5.5. Dao dong tin hiéu

Dao dong tin hi€u (jitter): 0200 m: 2—4 ms; 200400 m: 5-9 ms.— Du an toan dé diéu
khién thoi gian thuc.

5.6. Mo phong thuce dia

Robot dugc thir trong mo hinh: Céng trinh sép; Ham 10; Kénh céng; Dia hinh phtc tap.

Két qua: robot co thé tiép can cac khong g 1an <45 cm, h1‘1 hop nhiém vu ctru nan.

Khi | Mirc nén

Hinh 2. M6 hinh cia thlet bi robot SQ26 sau khi lap sap, thu’ nghiém trén thyc té
- Danh gia so sanh véi robot trinh st da nhiém véi robot tw hanh RBH-18

Noi dung Robot trinh sat da Robot tr hanh RBH-18
nhiém
Sai léch hudng trung binh <6° <10°
Dia hinh vit can Doc 35°; Vat can 14 cm | Ddc 25°; Vat can 10 cm
Truyén hinh anh 0—200 m: On dinh, 0-200 m: On dinh,
D9 tré trung binh: 95 ms | D tré trung binh: 120 ms
Téc do 0.6-1.2 m/s. 0.4-0.9 m/s.

Qua sd liéu so sanh giira Robot trinh sat da nhiém véi robot ty hanh RBH-18 do Binh chung
Hoa hoc san xuét ta thdy cac tiéu chuan k§ thuat cta robot trinh sat da nhiém t6t hon RBH-18
6. Nhan xét — Panh gia

Robot trinh sat da nhiém dap tmg t6t 5 yéu cau c6t 18i ctia phong thii dan su: An toan: Giam
rui ro cho luc lugng vao trude. Co dong: Di chuyén trong dia hinh hep, gé ghé. Quan sat: Truyén
hinh anh thoi gian thyc. Panh gid moéi truong: Po khi ddc lién tuc. Nhéan dién muc ti€u: Do kim
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loai + dinh vi GPS. NgQa‘li ra, robot cc‘)p: H5,trq,m€r rong cam bién, tuong thich nhiéu giao thuc
truyén thong, chi phi thap so voi cac mau quoc te.

Hinh 4. Ban diéu khlen trung tAm (Thiét bi diéu khlen, glam sat — Trung tam chi huy)

7. Két luin
Robot trinh sat da nhiém 1a giai phap kha thi, hiéu qua cao cho: Phong thu dan su (NATO

Science & Technology Organization, 2021); Ciru hg ctru nan; Ung pho thién tai; DO min — danh dau

muc tiéu; Trinh sat cong nghiép. Nghién ciru chirg minh robot: On dinh; Chinh xac; Co dong tdt;

An toan va thich img cao. Tuong lai c6 thé tich hgp: Camera nhiét FLIR; Radar xuyén tuong UWB;

Al nhén dién ngudi (YOLOVS); Swarm robot (robot bay dan); Két néi mesh mang dai — 10-15 km;

Chuan chdng nudc IP67. Robot trinh sat da nhiém dugce tich hop nhiéu cam bién hién dai img dung

cac cong ngh¢ Al phu hop véi xu hudng tmg dung tri tu¢ nhan tao trong khoa hoc cong nghé.
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