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Xay dung phan mém diéu phoi thyc thi nhiém vu cho t6 hgp USV trong lap ban
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Tém tit

Bai béo trinh bay FSM-SC, mét 16p diéu hanh thyc thi nhiém vy cho hé xudng khong ngudi lai bay dan trong thanh lap ban
dd dia hinh dudi nudc vung ndi dia. Trong hé¢ Swarm-USV, sau khi nhiém vu do dac duoc 1ap ké hoach, mdi xudng can
dugc nap ding tuyén do, kiém tra dung trang thai va duoc gidm sat trong sudt qua trinh lam viéc. Néu cac budc nay thuc
hién thu c()ng, nguoi van hanh dé gip cac 16i nhu nap nham nhiém vy, cho xuéng chay khi chwa du diéu kién, mat kiém soat
trang thai thiét bi hodc th1eu dir liéu kiém chimg sau do. FSM-SC dugc dé xudt nhu mot 16p trung glan giita phan 1ap ké
hoach nhiém vu va céc xuong USV ngoai hién tmong Lép nay thuc hién cac chic nang chinh gom két ndi phuong tién, nap
nhiém vu, doc lai va kiém tra nhiém vu, danh gia diéu kién sin sang, cho phép hodc chan thyc thi, giam sat trang thai hoat
dong va ghi nhat ky qua trinh do. Két qua thyc nghiém véi hé 03 xudng khong nguoi 1ai cho thiy FSM-SC hd trg t6 chirc
do dac dong thoi, giam thoi gian hién truong khoang 46,5% so véi phuong 4n 01 xudng, trong khi dit liéu dau ra van dap
g yéu cau thanh lap ban do. Sai s6 do cao trung phuong tai cic vi tri kiém tra dat khoang 0,028 m.

Tir khéa: FSM-SC; xudng khong ngudi lai biy dan; Swarm-USV; diéu hanh thyec thi nhi¢m vu; ban d6 dia hinh duéi
nwéc; tw dong hoa do dac.

Abstract

This paper presents FSM-SC, a mission execution layer for a swarm of unmanned surface vehicles in inland underwater
topographic mapping. In a Swarm-USV system, after missions are planned, each vehicle must receive the correct mission,
be checked for readiness, and be monitored during field execution. Manual operation may lead to wrong mission upload,
premature start, poor status awareness, or a lack of traceable records. FSM-SC is proposed as an intermediate layer between
mission planning and USV platforms. Its main functions include vehicle connection, mission uploading, mission readback
and verification, readiness checking, execution permission or blocking, runtime monitoring, and event logging. Experimental
results with three USVs show that FSM-SC supports parallel survey execution and reduces field operation time by
approximately 46.5% compared with a single-USV configuration, while maintaining map-ready data quality. The root mean
square height error at validation points was about 0.028 m.

Keywords: FSM-SC; Swarm-USV; unmanned surface vehicle; mission execution; underwater topographic
mapping; survey automation.

1. Mé diu

Thanh 18p ban dd dia hinh dudi nuée & song, hd, hd chura, kénh rach va khu vuc ven bd noi dia dang c6 nhu
cau tu dong héa ngay cang cao. Xudng khong ngudi 1ai (USV) gitip giam phu thude vao tau do truyén thong, hd
trg do ¢ ving ndng, vung kho tiép can va co thé tich hgp GNSS-RTK, IMU, thiét bi do sdu hoi am, sonar va b
ghi dir ligu.

Khi chi c6 mot USV, quy trinh van hanh twong dbi don gian: nap tuyén, kiém tra thiét bi, cho chay va thu dir
lidu. Tuy nhién, khi chuyén sang hé nhiéu xuéng khong ngudi l4i bay dan (Swarm-USV), s6 lugng thao tac ting
nhanh. Nguoi van hanh phai biét xuong nao dang két noi, xuong nao da nhan nhiém vy, nhiém vu c¢6 dang khong,
trang thai dinh vi va cam bién da san sang chua, dong thdi phai theo ddi nhiéu phuong tién trong cing mot phién
do.

Trong diéu kién thuc dia, cac 16i nho c¢6 thé gay hau qua 1on: nap nhidm mission cho xudng, thiéu waypoint,
chay khi RTK chua 6n dinh, quén bat logger, cam bién do sau chua san sang hoic khong co nhat ky dé doi chicu
sau do. Vi vay, tu dong hoa Swarm-USV khong chi 1a bai toan chia tuyén hodc diéu khién xudng, ma con la bai
toan diéu hanh thyc thi nhiém vu mot cach c6 kiém soat.

Bai bao nay trinh bay FSM-SC nhu mét 16p diéu hanh thuc thi nhiém vu cho hé¢ Swarm-USV. C6 thé hiéu
don gian: néu FSM-MP lap va chia nhiém vu do dac, thi FSM-SC ki€m tra va diéu hanh dé cac xuong thuc hién
dang nhi€m vu d6 ngoai hién truong. FSM-SC khong thay thé bd 1ai tuy ddng clia xuong, cling khong thay the
thuat toan tranh va cham. Vai tro cia FSM-SC 1a kiém tra di€u kién, cho phép hoac chan thyc thi, gidm sat trang
thai va ghi lai qua trinh van hanh.

Muc tiéu ciia bai bao 1a xay dung mot khung nghién ctru dé hiéu va c6 kha ning ap dung truc tiép cho dé tai
thiét ke, ché tao Swarm-USV phuc vu thanh 1ap ban do dia hinh dudi nude. Noi dung tap trung vao cau hoi thyuc
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té: 1am thé nao dé nhiéu xuéng cung hoat dong, nhung van bao dam dang nhiém vy, dung trang thai va co6 dir li¢u
kiém chung sau do.

2. Bai toan thire té va khoang trong cin giai quyét

Céc nghién ctru lién quan dén USV va robot nhiéu phwong tién thuong tap trung vao thiét ké nén tang, tich
hop cam bién, 1ap dudng di, phan chia tdc vu hodc diéu khién phéi hop. Nhitng huéng nay rat quan trong, nhung
chua tra 101 ¢y du mot van dé van hanh thudng gip ¢ hién truong: sau khi da c6 nhiém vu do, 1am thé nao dé
bao dam timg xudng nhan dung mission, dii diéu kién chay va qua trinh do duoc ghi nhan rd rang.

Vi khao sat dia hinh dudi nuée, yéu cau cudi cung khong chi la xuéng di duogc trén mat nudc, ma la tao ra
dir liéu do sau c6 thé dua vao xur 1y, kiém tra chat lugng va bién tap ban do. Vi véy, 16p diéu hanh can quan tim
cé ba yéu to: nhiém vu, trang thai hé thong va dir lidu dau ra.

Bing 1. Khosng tréng thyc té din t6i nhu ciu xdy dung FSM-SC cho Swarm-USV.

Vin dé thue té Néu van hanh thii céng FSM-SC can lam gi? Két qua mong mudn
" A Kho nhé xud a0 nha Gan missi 51 do 5 .
Nhiéu xuong cung do myznnngoxuong flao nian Ugr\l;;élis ;(I)g vording Khong nap nham nhiém vu
.. . Chi biét da bim upload, chua Doc lai waypoint va kiém tra Mission dugc xac nhan trudce

Mission sau khi nap o, I £ .

chac dung s0 lugng/tuyén khi chay
g D& bo s6t RTK, IMU, pin, Kiém tra diu kién sin s3 . N

Trang thai thict bi © D0 S0 pm 1em fra dieu Kien san sang Chi chay khi du diéu ki¢n

sensor, logger theo gate

Theo doi hién truomg xKuhgsn:uan sat ddng thoi nhiéu ;I;ZI’; thi trang thai va vi tri tap ?;Ialn hanh 15 rang, giam nhim

Ghi log sy kién va phién van
hanh

Tir khoang trong trén, bai bao dit ra hai cdu hoi nghién ciru don gian. Thir nhat, lam thé nao dé bao dam
mdi xudng chay dung nhiém vu di 1ap? Thir hai, lam thé nao dé chi cho phép xudng chay khi cac diéu kién tdi
thiéu vé két ndi, dinh vi, ngudn, cam bién va ghi dir liéu da dat yéu cau?

Kiém chung sau do Thiéu nhat ky dbi chiéu C6 co so kiém tra va truy vét

3. FSM-SC 1a 16p gi trong hé Swarm-USV?

FSM-SC duoc hiéu la 16p diéu hanh thyc thi nhiém vu. Lop nay nam gitia phﬁn 1ap ké hoach nhiém vu va
céc xudng USV ngoai hién trudng. FSM-SC nhan mission da dugc 1ap, nap mission cho timg xudng, kiém tra
lai mission, danh gi4 trang thai san sang, sau d6 mai cho phép xudng chay.

Céch dién giai d& hiéu nhit 1a coi FSM-SC nhu mét “ngudi diéu phéi dién tir”. Ngudi didu phdi nay khong
tu 14i xudng thay autopilot, nhung quyét dinh khi nao xudng dugc phép bit ddu, khi nao phai giit trang thai chd,
va thong tin nao can dugc ghi lai dé phuc vu kiém tra sau do.

Vi tri cua FSM-SC: khéng thay autopilot, ma ki€ém soat quy trinh thuc thi mission

FSM-MP FSM-SC Autopilot/GCS usv
Lap ké hoach —_— Diéu hanh thyc thi —_— Léi xudng = | hgoai hién trudn
(sinh mission) (kiém tra - cho chay - ghi log) (heading, speed) 9 9
D liéu do QA/QC Ban dé
log - track - sonar kiém tra chat lugng hd dau ra

Hinh 1. Vi tri cia FSM-SC trong chudi tir ldp nhiém vu dén ban d@é dau ra.

Trong hé nay c6 ba 16p d& nhé: FSM-MP 1ap nhiém vy, FSM-SC kiém tra va cho chay nhiém vu, con
autopilot/GCS 1ai xudng theo waypoint. Nho cach tach 16p nhur véy, bai bao khong bi hiéu nham 14 thay thé bo
lai hodc thuat toan diéu khién bay; bai bao tap trung vao phan diéu hanh thyc thi mission ngoai hién truong.
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4. Nguyén ly hoat dong cia FSM-SC

Nguyen 1y cua FSM-SC duoc xay du’ng theo hudng d& kiém tra: mot xudng chi du:orc phép chay khi cac
diéu kién can thiét da dat. Néu thiéu mot didu kién, hé thong chin 1énh chay va yéu cau ngudi van hanh kiém
tra lai.

Trong bai bao nay, diéu kién cho phép chay duoc viét theo dang don gian:
RUN = Két noi A C6 mission A Mission ding A Trang thai tét
Biéu thtrc trén khong nham lam phtc tap hoa van dé. N6 chi dién dat mot nguyén tdc van hanh rat ro: du
diéu kién thi chay, thiéu diéu kién thi khong chay. Pay chinh 1a diém khéc biét giita thao tac thu cong va dicu
hanh c6 kiém sodt.

Bang 2. Y nghia cic diéu ki¢n trong FSM-SC.

Piéu kién Y nghia thue té Vi du kiém tra Quyét dinh
Loz USV dang online va trao di telemetr C6 COM/link, nhén vi tri, . e A taaqa
Két ndi 8 y R T Khong két noi thi khong chay
duoc nhin mode
. .. N , N bung SYSID, ding phién, c6 R . .
C6 mission Mission da dugc nap cho dung xuong & . EP Khong c6 mission thi chén
waypoint
.. , .. e X S6 waypoint, tuyén va session . , . .
Mission diing Mission doc lai khdp véi mission dy kién Khop P 4 Khoéng khop thi nap lai
X N Y ST G RTK, IMU, pin, sensor, P
Trang thai tot Xudng va cam bién du dicu kién do P Chua tot thi gitt HOLD
logger, mode
Quy trinh FSM-SC dugc mé ta bang cac budc thao tac dé kiém tra tai hién trudng
1. Két ngi 2N 3. Doc | 4. Kiém tra 5. Cho ch 6. Gidm sét
UeSVnOI - miss?u% g va k\eorsw ?rla - san sém; - hoécotch;ny - va ;ahT\;;

!

Diéu kién cho chay: RUN = Két néi A Cé mission A Mission ding a Trang thai tot

Hinh 2. Quy trinh sdu budc cia FSM-SC khi diéu hanh mét phién do Swarm-USV.

Quy trinh FSM-SC gom sau budc: két nbi xudng, nap nhiém vu, doc lai va kiém tra mission, danh gi4 trang
thai sdn sang, cho chay hodc chin, sau d6 giam sat va ghi log. Cach chia nay gitip ngudi van hanh dé hiéu, dé
kiém tra va dé giai thich khi nghiém thu.

Diém quan trong 1a FSM-SC khong chi c6 nat “Start”. Trudc khi Start, hé théng phai tra 151 dugc cac cau
hoi: xudng ndo, mission nao, di nap chwa, da doc lai chua, c6 khép khong, RTK/IMU/pin/cam bién/logger c6 6n
khong. Néu khong c6 16p ndy, cac cau hoi trén thudng phai phu thude vao kinh nghiém va su can than ciia ngudi
van hanh.

5. Xy dung phin mém FSM-SC

Phan mém FSM-SC dugc xay dung dé phuc vu thao tac hién truong véi nhiéu USV. Giao dién can hién thi
r6 danh sach cac xuéng, trang thai két ndi, ché do van hanh, pin, ) waypoint, trang thai mission, trang thai verify
va vi tri trén ban d6. Muc tiéu khong phai tao mot giao dién phirc tap, ma la giip nguwoi van hanh nhin nhanh va
biét ngay hé nao di sin sang.

Phan mém duoc t6 chirc theo md hinh mot bo diéu khién trung tdm va nhidu agent twong tmg véi timg USV.
MB&i agent luu trang thai riéng cua xudng, gdm cong két ndi, SYSID, mission di nap, két qua doc lai, trang thai
san sang va nhat ky su kién. Bo diéu khién trung tdm tdng hop céc trang thai nay dé dua ra quyét dinh van hanh.
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Bing 3. Cic chirc niing chinh cin c6 trong phin mém FSM-SC.

Nhém chirc ning | No6i dung thwe hién Ngudi van hanh thiy gi? Loi ich

Quan Iy USV Két nbi, nhan telemetry, nhan mode va pin | Danh sach USV online/offline | Biét nhanh d6i hinh hién c6
- Gui mission cho ting USV hodc th : ) . .

Nap mission nr:r(;r;mssmn cho ting oac theo SO waypoint da nap Giam thao tac lap lai

Poc lai mission va so sanh vdi dir liéu dw

Verify mission Trang thai VERIFIED/FAIL Tranh nap nhdm, thiéu tuyén

kién

s Kiém tra RTK, IMU, pin, sensor, logger, - , P WP
Gate san sang mode ’ » Pil, ) 1088 READY hoic HOLD Chi cho chay khi du diéu kién
Giam sat chay Theo doi vi tri, mode, track va trang thai Ban d6 va bang trang thai D& diéu hanh nhiéu xuf")ng

. Luu thoi diém .

Ghi lo File log phién do Co dir liéu truy vet

g connect/upload/verlfy/run/hold Ep i Y

¥ F5M Swarm RADIO W (CLEAN.\ (SN SELECTED UPLOAD ONLY / NO AU MATCH / NO HIDDEN UPLOAD) - o
commecrau | amause | smssonssey | amoau s | mmawem | Howause | osmis s | rorceosma || netopanss oo AptoMsion [ BENCH | X Conbuard X Newtas X Apce  Decontct. OTER =
™ - o m. o2 0% ;
B

Bou

USV30 WPo
SLOT +0.

usv20 wm
SLOT +0

usviowro'
SLOT 0

ted) | | PLAN REASSIGN (selected) | | UPLOAD PLANNED (selected) | VIEWPLAN | | Verify || vew ADOPTAP. LOAD. AL (ONLINE)

UPLOAD OK | USV’

O O m@g o006 98 6= ¢ 0

Hinh 3. Giao dién phan mém FSM-SC: quan Iy két néi, upload, verify mission va theo déi vi tri 03 USV.

Trong giao dién minh hoa, mdi dong tuong tmg v6i moét USV. Ngudi van hanh co thé quan sat cong két ndi,
loai phuong tién, trang thai online, mode, GPS/RTK, pin, sb waypoint va két qua verify. Ban dd bén phai hién
thi vi tri cac USV va khu vuc mission. Ving log phia dudi ghi lai timg su kién trong phién do, vi du két ndi,
upload, readback, verify va trang thai hoan thanh.

Céch trinh bay nay phu hop v6i muc tiéu nghién ctru tmg dung: phan mém khéng can yéu cau ngudi ding
hiéu sau thuat toan, nhung phai cho ho biét r5 xudng nao dang & trang thai nao va vi sao xudng dugc hoic chua
duoc phép chay.

6. Thuc nghiém va danh gia hiéu qua
6.1. Thiét 1ap thuc nghiém

Thuc nghiém duogc thuce hién voi t6 hop 03 xudng khong ngudi lai dang catamaran phuc vu khao sat dia hinh
dudi nude. Mdi xudng duoc tich hop cac thanh phﬁn chinh gdm GNSS- RTK IMU/INS, thiét bi do sau hoic

sonar, bo ghi dir lidu, nguodn pin, telemetry va bo diéu khién tyr dong. Phan mém FSM-SC duoc sir dung dé két
nbi, nap mission, kiém tra mission, cho phép thuc thi va theo ddi qué trinh do.

Kich ban danh gia gdm hai nhém ndi dung. Nhom th nhét kiém tra phan mém c6 diéu hanh dung cac budc
FSM-SC hay khong, dac biét 1a upload, readback va verify mission. Nhoém thtr hai danh gia hi¢u quéa khao sat
thong qua so sanh thoi gian hién truong giita phuong an 01 USV va phuong an 03 USV, dong thoi kiém tra chat
lwong dir liéu bang cac diém giao kiém.
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HINH ANH THUC NGHIEM SWARM-USV TU ANH THAT

5 <
Lt ol

Ngudn: Anh thyuc nghiém cta nhém nghién cuu

Hinh 4. Hinh anh thuc nghiém Swarm-USV: tich hop cam bién, chuan bi ha thiy va trién khai nhiéu USV trén mdt nude.
6.2. Kiém chirng mission truwée khi chay

Dé nhiéu USV chay song song, viéc xac nhén mission trudc khi chay la bét budc. FSM-SC thuc hién viée
nay bang cach nap mission cho timg USV, doc lai sb waypoint va kiém tra trang thai verify. Néu s6 waypoint
doc lai khong khép hodc mission khong thuge dung USV, hé thong khong cho phép chuyén sang trang thai chay.

Bing 4. Vi du kiém chitng upload/readback/verify mission trong mdt phién vin hanh.

usv S6 waypoint du kién S6 waypoint doc lai Trang thai verify Két luan

UsSVv-10 72 72 VERIFIED Puoc phép xét gate
chay

USV-20 80 80 VERIFIED Puoc phép xét gate
chay

UsVv-30 82 82 VERIEIED z:c,;c phép xét gate

Béng 4 cho thdy FSM-SC khong dimg & thao tic “da giri mission”. Hé thong can doc lai dif liéu tir phurong
tién va xac nhén khop voi mission du kién. Day 1a budc don gian nhung rat quan trong, vi véi nhiéu xuong cung
hoat dong, chi mot mission sai cling c6 thé lam hd vung do, trung tuyén hodc lam sai dir li¢u nhat ky.

6.3. Panh gia hi¢u qua thoi gian hién truong

Hiéu qua van hanh dugc danh gia bang cach so sanh phuong an khéo sat bang 01 USV va phuong an khao
sat bang 03 USV. Hai phuong an dugc so sanh trén cting cach hiéu: tong chiéu dai tuyén gan tuong dwong, nhung
phwong 4n 03 USV cho phép cac tuyén duge thuc hién song song.

Bang S. So sanh thi gian khao sat gitta phuwong 4n 01 USV va 03 USV.

Téng chiéu dai tuyén

Thai gian hién truwong

Phuwong 4n So USV (km) (pht) Nhan xét
Po tuan ty 01 37,79 482,3 Thoi gian dai
Do song song 03 36,82 2579 Giam khoang 46,5%
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500 A 482.3

400

300 +
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100 ~

Thai gian hién trudng (pht)

01 Uusv

Giam khodng 46,5%

257.9

03 Usv

Hinh 5. Biéu dé so sanh thoi gian hién trieong giita phwong dn 01 USV va 03 USV.

Két qua cho thay phuwong an 03 USV giam thoi gian hién truong khoang 46,5%. Can hiéu dung két qua nay:
FSM-SC khong lam xudng chay nhanh hon, ma gitp to chitc nhiéu xudng chay ding mission, dung tht tu kiém
tra va dung diéu kién, nhd d6 tan dung dugc loi thé do song song clia Swarm-USV.

6.4. Panh gia chat lwong dir liéu diu ra

V6i bai toan ban d6 dia hinh dudi nude, hiu qua van hanh chi c6 ¥ nghia khi dit liéu dau ra van dua diéu kién
st dung. Vi vay, sau thyc nghiém, dir liéu dugc kiém tra bang céc vi tri giao kiém va danh gia sai khac do cao/do
sau. Pay la budc giap chirng minh rang viéc dung nhiéu USV khong chi rit ngan thoi gian, ma van bao dam dir

lidu phuc vu bién tap ban do.

Biang 6. Chi bo kiém tra chit lwgng dir liéu sau do.

Chi bao Gia tri Y nghia
$6 vi tri giao kiém 159 Dfnzg dé .lfie;m tra sai khac gitta cac
tuyén/phién do
, Panh ia A ~ X inh ot i lie ~
Sai s6 d¢ cao trung phuong RMSh ~ 0,028 m Aan Agla mu? do on dinh cua di licu 4o
sau/do cao day
Sai khac 16n nhét |Ahjmax ~ 0,040 m Gi4 tri 16n nhat trong tap kiém tra
r h;{ h A 5 lr DEM \
Trang théi dit lidu Map-ready €6 thé chuyen sang xir Iy DEM, dudng

binh d6 va bién tap ban dd

CHUONG 4 PIEU HANH SWARM-USV, QA/QC VA MAP-READY

Diéu phdi nhiéu USV trén khu vuc khao sat

Phan tuyén — song song

gﬂiﬂ Diéu phdi - tap trung
B Tai van hanh - chia theo mission
O Thai gian - rat ngén

Hé Swarm-USV

Phan chia tuy&n va van hanh song song trén mit nudc

P {
An toan Kiém tra
hién trudng trang thai

Giam sat hién trudng két hgp kiém soét chét lugng dit ligu

diéu phdi déi hinh, kiém soat chat lugng

[ @, QA/QC - kiém tra chéo

[ An toan — gidm phu thuéc

[ Trang thai — theo di lién tuc

g Dau ra - dir liéu s3n sang bién tap

SN i

diéu phdi -«

* gidm sat hién trudng * map-ready

Hinh 6. Piéu hanh Swarm-USV két hop gidm sat hién triong, OA/QC va tao dit liéu map-ready.

Két qua QA/QC can dugc dién giai dung pham vi. FSM-SC khong truc tiép tao ra d chinh xéac do sau; do
chinh x4c phu thudc vao cam bién, hiéu chinh, dinh vi, muc nuéc va xir 1y hau ky. Tuy nhién, FSM-SC tao ra
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dicu kién véan hanh 6n dinh: dtng mission, ding phién, c6 giam sat va c6 log. Nho do, qua trinh kiém tra chat
luong sau do cé dit liéu doi chi€u r6 rang hon.

7. Théo luin

Piém manh cua FSM-SC 1a l1am rd phﬁn thuong bi xem nhe trong cac hé robot khao sat: diéu hanh thyc thi
ngoai hién truong. V&i Swarm-USV, viéc cd mission tt 1a chua du. Néu mission khong dugc nap dung, khong
dugce kiém tra lai, hodc xuéng chay khi cam bién chua sén sang, dir liéu thu dugc co thé khong dung dugc cho
ban do.

Bai bao khong dat FSM-SC nhu mét thuét toan diéu khién bay phuc tap. Nguoc lai, FSM-SC duoc trinh bay
nhu mét 16p quy trinh rd rang, c6 diéu kién kiém soét va d& trién khai. Cach tiép can nay phu hop véi nghién ciru
ung dung, noi nguoi dung can mot phén mém vén hanh duoc, c6 thé giai thich dugc va co thé lap lai & nhiéu khu
do noi dia.

Mot diém can nhan manh 1a FSM-SC gitip giam 15i thao tac ctia con nguoi. Khi ¢6 03 USV, nguoi van hanh
khong chi bam ba 1an cliing mot 1énh, ma phai bao dam ba bo mission, ba trang thai thiét bi va ba ludng dir liéu
cung ding. FSM-SC bién cic budc d6 thanh quy trinh c6 kiém tra, thay vi phu thudc hoan toan vao ghi nhé thi
cong.

Nghién ctru hién tai con mot sé gidi han. Thir nhat, phan danh gid méi tap trung vao mot cau hinh 03 USV
va mot sd phién thuc nghiém, chua phai théng ké dai han trén nhiéu mua do. Tht hai, FSM-SC chua xir 1y bai
toan tranh va cham thoi gian thuc & muc diéu khién thép. Thtr ba, cac ngudng Health nhu RTK, pin, sensor hodc
dong chay can dugc hiéu chinh theo tung loai USV, cam bién va diéu kién khu do.

Trong cac nghién ctru tiép theo, FSM-SC ¢6 thé duoc md rong theo hudng thém canh bao ty dong, danh gia
rtii ro theo thoi gian thyc, dong bo dit liéu gitra nhidu USV va lién két chiat hon v6i phan xir Iy hau ky. Tuy nhién,
ngay ¢ murc hién tai, FSM-SC di cung cp mot khung van hanh 13 rang cho hé xudng khong nguoi lai bay dan
phuc vu thanh I4p ban db dia hinh dudi nuéc.

8. Két luin

Bai bao di trinh bay FSM-SC nhu mét 16p diéu hanh thuc thi nhiém vu cho hé xudng khong ngudi 1ai bay
dan (Swarm-USV) trong thanh 14p ban db dia hinh dudi nude vung ndi dia. FSM-SC duoc xay dung dé tra 1o
cau héi thuc té: lam thé nao dé nhiéu xuéng cung thyc hién nhiém vu do dac nhung van bao dam dung mission,
dung trang thai va c6 dir liéu truy vét.

Khung FSM-SC gém cac churc nang chinh: két ndi USV, nap mission, doc lai va kiém tra mission, danh gia
diéu kién sin sang, cho phép hoic chin thuc thi, gidm sat qua trinh do va ghi nhat ky van hanh. Nguyén 1y cbt
16i dugc thé hién bang diéu kién RUN = Két nbi A C6 mission A Mission dting A Trang thi tdt.

Thuyc nghiém véi t6 hgp 03 USV cho thay phuong an van hanh song song gitp giam khoang 46,5% thoi gian
hién truong so voi phuong an 01 USV, trong khi dit liéu kiém tra dat RMSh khoang 0,028 m tai 159 vi tri giao
kiém. Két qua nay cho thdy FSM-SC 1a m6t thanh phan can thiét trong hé Swarm-USV, gop phan chuin hoa va
tu ddng hoa cong tac thanh I1ap ban dd dia hinh dudi nude.

Loi cam on

Nghién ctru nay duge xay dung trong khudn kho dé tai thiét ké, ché tao hé xudng khong nguoi l4i bay dan
phuc vu thanh 14p ban d6 dia hinh dudi nude. Nhom tac gia cam on cac thanh vién tham gia ché tao, tich hop,
thir nghiém hién truong va xur ly dir li¢u.
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