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Ung dung tri tué nhan tao cho giao dién hién thi
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Application of artificial intelligence to a head-up display (HUD) supporting USV maneuvering

in smart port environment
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TGM TAT

Xu hwéng irng dung phuweng tign ti hanh mat nudc trong céng
bi€én thang minh trong khao sat, theo di chat lrgng mai truing
nurdc va nguy co 6 nhiém ngay cang dugc phat trién. Trong khi
LSV van hanh trong cang chiu anh hedng bai nhigu tac dang mai
trudrng nhu mua, suong, nh sang sé lam gidm nhan thic tinh
hueing va gay kha khin cho diéu dang. Bén canh da, cang nghe
tri tué nhan tao irng dung trong nganh Hang hai gidp ting cuing
kh& nang diu ddng va ngan chan cac tinh huding nguy hiém xay
ra. Bai bao dé xuat phuong phéap xay dung, phét trién Al-enabled
HUD hién thi ngay trong tdm nhin dé hé tro diéu khign USV va
gidm da tré, sai sd diéu hedng. Cac cdm bien GNSS, IMU-3DOF,
camera Al dugc tich hop va hién thi thang tin len HUD. Phuong
phap thir nghiém duya trén mai treeng ma phang hang hai va
thuc dia quy ma nha tai cang. K&t qué nghién ciru cho thay kha
nang E2E latency < 100 ms, sai sd dn dinh overlay < 1,00 yaw, <
0,50 roll/pitch, giam head-down time > 20%. Nghién ciru cho
thay kha nang tng dung ma hinh cho nhiéu ddi trgng khéc nhau
va cd thé do lreng duge trong qua trinh chuyén ddi sd tai cang
thang minh.

Tir khaa: Tri tué nhan tao; man hinh hién thi thang tin trén tau;
giao dién ngudi-may; Unmanned Surface Vehicle; don vi do lring

quan tinh ca 9 bac tr do (9D0F).

ABSTRACT

The use of autonomous surface vehicles (USVs) in smart seaports
for surveying and monitoring water quality and pollution risks is
rapidly accelerating. While USVs operating in ports are exposed to
adverse environmental conditions, such as rain, fog and low light
these factors can degrade situational awareness and complicate
maneuvering. Additionally, the deployment of artificial intelligence
in the maritime domain enhances maneuvering performance
and helps prevent hazardous situations. This paper proposes an
approach to designing an Al-enabled Head-Up Display (HUD) that
renders information directly in the field of view to support USV
control, reduce latency and minimize navigational errors. GNSS,
a 9-DoF IMU and Al cameras are integrated, with fused outputs
presented on the HUD. The system is evaluated using a small-
scale maritime simulation and port field environment. Results
show end-to-end latency <|00 ms, overlay stability error <1.00
yaw and <0.50 roll/pitch and a >20% reduction in head-down
time. The study demonstrates applicability across multiple target
types and provides measurable indicators that support digital
transformation in smart ports.

Keywords: Artificial intelligence; Head-Up Display (HUD);
Human-Machine Interface (HMI); Unmanned Surface Vehicle

(USV); 3-DoF Inertial Measurement Unit (IML).
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1. DAT VAN BE

Xu hudng chuyén déi s6 va xay dung cang bién théng minh
ngay cang dugc tap trung va phét trién trong béi cdnh nén kinh té
thi trudng trén thé gidi, dac biét tai Viét Nam. S lugng tau thuyén ra
vao cang véi mat do 16n khién hé sinh thai dudi nudc tai cang chiu
anh hudng 16n va c6 nguy cd 6 nhiém nghiém trong. Do d6, can cé
cac thiét bi theo dbi, phat hién cac nguy cd tiém an tir méi trudng
cang bién dé c6 cac bién phap khac phuc. Cac phuong tién tu hanh
mat nudc USV véi chiic nang theo déi va phat hién 6 nhiém trong
khoang dién tich réng cé thé lam ting kha ndng giam sat trong cac
khu vuc cadng va gui di liéu vé trung tdm phuc vu nghién ctu, phan
tich. Tuy nhién, do hoat déng trong khu vuc phuc tap véi nhiéu déi
tugng tinh va dong can phai c6 bo diéu khién va hé théng hé trg
linh hoat két hop cédng nghé tri tué nhan tao. V&i tdm nhin han ché,
bién d6i nhanh nén hé théng can phai c6 thiét bi hé trg nhan thic
tinh huéng trong diéu kién xau. Trong khi nhiéu do dao déng cla
camera, do tré tir dau vao dén két qua dau ra dan dén do ludng va
diéu khién kho khan. Hién nay, c6 nhiéu nghién cttu vé cong nghé
AR, HUD cho céc phuaong tién giao thong trén bd nhu 6 t6 va may
bay, phuong tién tu hanh UAV trong khi nghién ctru cho USV trong
mai trudng cang con han ché. Trong nghién ctu [1], Holder va cong
sy da thd nghiém tai phong mé phéng hang hai cta California
Maritime Academy vaGi nguyén mau HUD trén laptop va may chiéu
nham xac dinh yéu cau van hanh va nhan théng tin thiét yéu, rdi ro
va hiéu nang trong diéu kién méi trudng khac nhau. Két qua nghién
ctiu cho thay mo hinh HUD hang hai c6 tiém nang I6n trong nhan
thuc tinh huéng. Trong céng trinh [2], m6t thiét bi HUD dua trén
LED hai hang nham tang cudng nhan thiic tinh huéng khi tdm nhin
kém trén buéng lai tau va tai ROC. Hé théng hién thi cac ché do
nudc can, dat lién, hai dang, tiéu, phao, giao théong hang hai va dugc
danh gia trén mo6 phong cau tau.

Cac nghién ctu khac tap trung vao chi bao tinh toan CPA/TCPA.
Trong nuéc, cac cong trinh nghién ctu vé HUD cho hang hai kha it
dac biét cho ASV, USV [3, 4]. Do dé, trong nghién cttu nay, nhém
tac gid dé xuat xay dung Al-enabled HUD 6n dinh béi IMU 9-DoF
cho USV trong céng. Déng thai, thir nghiém trong méi trudng moé
phdng, phong thi nghiém va thuc dia tai khu vuc cang Hai Phong.

N6i dung bai bao dugc chia thanh cac phan sau: Muc 2 trinh
bay co s6 ly thuyét xay dung cau tric mé hinh hé théng. Xay dung
thuat toan va tich hgp théng s6 1én HUD thé hién trong Muc 3. Muc
4 thuc hién cac budc thi nghiém két qua va danh gia hiéu suat mé
hinh. Cu6i cung, Phan két luan va hudng phat trién dugc mé ta &
Muc 5.

2. XAy DUNG MO HINH CAU TRUC AI-ENABLED HUD

2.1. Kién triic mé hinh hé théng Al-Enabled HUD

M6t mé hinh cdu tridc hé théng HUD-USV dugc tac gia dé xuat
nhu Hinh 1[5, 6].

Wiy tinh ciseg wehifp mini P mdon i Iy 8l Pl mém Al

[ Jetsom | B s [« R LD Lpate

o Topios: fiu, fgum, /ais
-

[ Aasd_state

Thida bi hidn thi
I+ ] + Kinh AR (XREAL) /i hish
o 18d coe The pshn Dy 0

Hinh 1. So do kién trtic hé thong Al-Enabled HUD
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Hé théng gém cac khéi chic nang sau [4-6]:

- Khéi cdm bién: Bao gobm cac cdm bién 9-DoF, GNSS, camera
thu thap di liéu, hinh anh tU cdc méi trudng khac nhau nhu moé
phong, phong thi nghiém va thyc té tai cang.

- Kh6i may tinh cong nghiép Mini: Co chiic nang chay cac phan
mém x(r ly, phan tich tién di liéu va gui vé trung tam.

- Khéi phan mém xu ly di liéu: Chia cac tap di liéu thanh céc
nhém dit liéu khac nhau va chudn hoa trugc khi huan luyén Al

- Khéi hgp nhat va Al: Vi nhiém vu la thuc hién di liéu da xa
ly, k€t hgp m6 hinh Al nhu YOLO, CNN dé tinh toan céc chi sé trong
bai toan diéu dong.

- Khéi HUD: Két qua dugc dua t6i két xust HUD dé én dinh
overlay theo IMU, ap dung 16p Ul (ma mau, ché dé Ngay/Dém/Low)
va phat t6i thiét bi hién thi (kinh AR/man hinh). Toan bé su kién, o
tré canh bao dugc ghi vao ghi log & Telemetry (CSV/Parquet, UTC)
phuc vu danh gia.

2.2. Xir ly dif liéu IMU, GNSS

Hinh 2 mé t& cdu truc phan cing cda IMU, GNSS thu thap vé
may tinh va truyén vé tram [7, 8].

Pr AT Cormers

Hinh 2. S¢ d6 cau trdc phan cling ctia thiét bi thu thap DoF va GNSS

Chtc néng ctia DoF bao gém IMU 9-DoF do roll, pitch, yaw,
gia toc va tu trudng dugc dat trén USV. Thiét bi GNSS thu thap vi tri
COG, SOG. Camera Al phu hgp cho Raspberry Pi 5 cé tich hgp cam
bién thi giac va dugc cai dat mé hinh thi giac MobileNet. May tinh
Raspberry Pi 5 nhan d{ liéu tir cdm bién va thiét lap theo thai gian.
May tinh PC chay phan mém HUD hién thi heading/roll/pitch, SOG/
COG, canh béo. Dac biét, yéu t6 quan trong trong qua trinh truyén
nhan d liéu 1a thai gian. Thai gian cho mét qua trinh phéi ngan
nhat va do tré géi dit liéu thap nhat. Do tré truyén nhan di liéu dugc
tinh nhu sau [4]:

Tpap = Lok —

Trong do:

Lo - Thai gian hién thi hinh anh k; 7, -
liéu tir cdm bién thu k.

Tiép theo, d(i liéu dau vao d8i vai IMU can hiéu chuan:

At
T+At (2)

2.3. Xay dung giao dién HUD

Trong nghién ctu nay, tac gia xay dung giao dién ctia HUD dé
hién thi cac théng s6 ca ban clia USV. Dir liéu dugc thu thap tur cac
thiét bi sau d6 hién thi lén gitp ngusi diéu khién dé quan sat. Hinh
3 thé hién giao dién HUD dugc thiét ké dua trén VS code [7, 9, 10].

Muc tiéu khi thiét ké giao dién cho HUD can dam bao day du
théng tin can thiét cho qua trinh theo déi va diéu khién. Ving trung
tam hién thi video thuc té€ thu thap tir camera gan trén USV c6 chiic
nang quan sat va theo déi theo thdi gian thuc. Bén canh d6, hai
déng hé chi thi SOG va COG ctia USV. Khung hinh hién thi trang thai
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cho USV nhu pin, GPS, ché dé. Mot ban dé minimap cho phép quan
sat toa d6 thuc té cia USV [5, 6, 11, 12].
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Hinh 3. Giao dién tng quan HUD cda USV

3. PHAT TRIEN THUAT TOAN HIEN THI TRUC QUAN UNG
DUNG Al

3.1. Phuong phap tich hgp théng sé trén HUD

Sau khi thiét ké giao dién, tac gia dua trén cac théng tin cla
USV dé tich hgp, x{ ly vao giao dién ctia HUD. Cac budc tich hgp
théng s6 thé hién trong Hinh 4 nhu sau:

Buwire 1: Ddu vao (Sensor, Al): IMU, GNSS,
Camera...

Y

Buwic2: Dfmg bo thii gian, ndi suy, hé quy
chiéu va don vi

Y
Budc 3: Loc va xir Iy nhidu theo thoi gian thue.
SOG/COG: EMA hodc Butterworth bac thz'ip
Heading/roll/pitch: complementary/EKF
Hysteresis cho trang thdi canh bao

Buéc 4: Chuan hoa va d(")ng bo trén HUD
Gauges (SOG, COG), timeline/Mission

Buire 5: Render va hién thi théi gian thye
So sanh téng tré, (capture — fusion — render)

Hinh 4. Cac budc thuc hién tich hgp di liéu 1én HUD

Hinh 4 trinh bay cac budc thuc hién tich hgp thong s6 1én HUD
bao gébm déng bo thai gian, chuan héa dir liéu dau vao trong budc
1. Ti€p theo, dir liéu dugc dua vé cung mot hé quy chiéu va don vi
chung trong hang hai. Budc 3 loc nhiéu va 6n dinh dit liéu theo thai
gian thyc. DU liéu SOG/COG béac théap (latency < 50 ms), Heading/
roll/pitch dugc trich xuat tir (IMU + GNSS/compass). Budc 4 chuén
hoa va déng bé nhu cac déi tugng Gauge SOG/COG &nh xa min,

max va viing mau. Cudi cung, Budc 5 |a hién thi di liéu véi do tré
thap hon 120 ms.

3.2. Xay dung thuat toan Al xt ly dit liéu cdnh bao trén HUD

USV hoat ddng trén cang d6i mat nhiéu vat can dong va tinh,
do dé nhan biét vat can va dua ra cac thong s6 can thiét cho tiing
déi tugng la can thiét va dac biét trong tranh va. Nhiém vu cta Al
trong mé hinh nay la phai dam bao phat hién muc tiéu va hién thi
Ién HUD. Béng thdi, ti dir liéu sén c6 dé tinh toan va dua ra cadnh
bao trong man hinh HUD. Thuat toan 1 trinh bay cau tric xt ly va
canh bao d6i véi dir liéu thuc té caa USV [13, 14].

//Thudt todn 1

1. BEGIN
2. Params: FPS<30, N_TOP«38, TH_ON/TH_OFF«0.70/0.60,
COOLDOWN«3s

3 Init streams: RGB, TH, LiDAR/Radar, AlS, IMU, GNSS

4 Load models: YOLO, Segmenter, Tracker, DepthRange

5 Init HUD layers; Alert«—OFF

6.  LOOP at FPS:

7 tenow(); SyncRead {RGB,TH,LiDAR AIS,IMU,GNSS}—t

8 state«<—Fuse(IMU,GNSS) // pose,SOG,COG

9 det«—FuseLate( YOLO(RGB), YOLO(TH) )

10. trk<Tracker.update(det)

11.  FOReachkin trk:

12.  {rbr}<EstimateRB(k,state,LiDAR); {cpa,tcpa}—CPA(k,state)
13.  kurisk<Score(k.classk.confr,tcpa, env=light/weather)

14. ENDFOR

15.  top«Take( Sort(trk by riskl), N_TOP); labels«<Place(top)
16. overlays—Compose(top, labels, Segmenter(select(RGB,TH)))

17. gauges<{SOG:state.SOG, COG:state.COG};
pose,AlS)

map«Minimap(state.

18. timeline—MissionProgress(Waypoints, state.pose)

19.  Alert<Hysteresis(Alert, Max(top.risk), TH_ON, TH_OFF, COOLDOWN);
RenderHUD(RGB, overlays, gauges, map, timeline, Alert)

20. ENDLOOP;

21. END

4. THU NGHIEM KET QUA VA DANH GIA

4.1. Kich ban thir nghiém

Panh gid kha ndng cdia mé hinh trén, nhém tac giad da xay dung
kich ban thir nghiém trong ba méi truéng la moé phong, phong thi
nghiém va thuc té dé€ danh gia két qua va cac tinh nang. Hinh 5 mé
ta cau truc phan ciing thi nghiém [5, 6], [10-12].

Mé phéng LSY

Hinh 5. Phan cling hé thdng gidm sat va HUD
Bang 1 mo ta cac kich ban thdt nghiém, néi dung va yéu cau
dé dat duoc.
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Bang 1. Kich béan thi nghiém HUD trong céc diéu kién khac nhau

STT | Kich ban N&i dung thi nghiém Yéu cau can dat
Tién hanh thd nghiém kiém tra b6
cuc HUD, 16p diéu hudng (Heading/ | - RMSE Heading/COG <
A-Mo COG/SOG), chay céc cau hinh bién | 2% RMSE SOG < 0,5 kn;
1 phdng (calm, moderate, rough), tdm nhin | XTE p95 <2 m. Do tré
usv (clear, haze), t6c d6 (3, 6, 10 kn). dau-cudi < 120 ms; FPS
- Diéu dong bam 3 waypoint/phién, | > 10.
ghi log FPS, latency, CPU/GPU.
RMSE roll/pitch < 1,0°,
B - DoF/ yaw < 1,5°- Drift 30'<
5 LAB (hiéu | So sanh bd loc, kiém tra di liéu va | 0,5% gidm PSD rung 0,5-3
chuan d6 rung; tinh chinh dir liéu. Hz = 40%; thai gian hoi
IMU) tu < 5s; Overlay Stability
P95 <0,3°.
Sais6vitrip95<3m
C-Thuc | Chay 3 ching: Doc bén, qua khu (RTKZ/SU“ (non-R;I:K);
L A s X M sai s6 heading < 2,5%
3 dia tai neo, tiém can waypoint gan phao; canh bao CPA/TCPA:
cang thir ché dé cdnh bao CPA/TCPA. Precision > 0,90, Recall
>0,85.

4.2, Két qua va danh gia
Két qua thr nghiém déi véi kich ban A dugc thé hién trong

Hinh 6 [10, 14].

Hinh 6. Giao dién HUD trong thir nghiém tai cang bién trong md phéng
Hinh 6 thé hién giao dién HUD dua trén dit liéu GNSS va IMU

dé hién thi cac gia tri va dudng mau tréng thé hién géc nghiéng cla
USV. Cac thiét bi do t6c dé va hudng c6 thé doc dugc ngay lap tic
va hién thij trén déng hoé do SOG (~3,5 hai ly/gid) va déng hé do COG
(~91°) @& tranh nham lan [15].

Bang 2. Két qua thir nghiém cho kich ban A

Thsc%ng Yéu cau Thucté Két luan
S0G 2-? kn (diéu dong an ~3,5kn Pat
toan)
~91° d6 5
oG Hién thi nhét quan 91% dongnhatgauge | o
& bar
Dist —» < 30 m truéc khi
WP chuyé&n WP ~0,02 km (~20 m) Dat
Bearing | Cap nhat &ro rang ~333,8° Pat
XTE [XTE|<1,0m 0,1m Dat
CPA > 50 m (an toan) ~64 m Dat
Fix 3D; Sat = 8; HDOP Fix 3D; Sat=12;
GNSS 100 HDOP=0,7 Pat
FPS >10 ~12-13 Can cai
thién
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Bang 2 thé hién két qua thir nghiém déi véi kich ban A va déu
dat cac yéu cau dat ra. Cac gia tri déu cho phép theo déi thdi gian thuc.
Hinh 7 thé hién két qua trong diéu kién méi trudng khac nhau [9].

Hinh 7. Két qué thir nghiém trong diéu kién thai tiét xdu

Trong khi d6, Hinh 7 cho thdy d liéu hién thi trong diéu kién
thdi tiét xau. Chi s6 CPA xap xi 30,3 m trong diéu kién sugng mu va
tam nhin kém.

Két qua thr nghiém kich ban B trong phong thi nghiém nhu
Hinh 8. Thiét bi DoF dugc thit nghiém trong bé nuéc c6 dao déng.
Dt liéu thu vé cho thdy dao dong thuc té va 6n dinh loc nhiéu tét.

Hinh 8. Két qué thit nghiém trong phong thi nghiém

D6 6n dinh va hién thj t6t gia tri pitch khodng 12,59, roll x&p xi
5,1° dung véi tu thé mo hinh. Do tré camera thap phu hgp véi thu
nghiém HUD ban dau. Tuy nhién, thuc té€ DoF cé kha nang nhiém tu
trong nha lam léch gia tri yaw.

Hinh 9. Két qué thi nghiém trong phong thi nghiém

Hinh 9 thé hién két qua thuc nghiém tai cdng khu vuc Hai
Phong. Nhom tac gid thi nghiém mé hinh HUD trén khu vuc cang
bién dé do cac thong s co ban. Trong béi cdnh cadng, HUD hién thi
ré rang cac tham so6 diéu hudng véi khodng cach téi vat can khoang
0,02 km, XTE = 0,2 m, cho thady phat hién chinh xac [7, 8, 11].
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K&t quéd Hinh 10 so sanh gilta hai mé hinh cho thay biéu d6
cbt cho thdy phuang éan c6 HUD vugt troi so vai khéng HUD & hau
hét chi s6: D6 léch tuyén trung binh |XTE| thap hon ro rét, CPA téi
thiéu cao hon. Thai gian t6i waypoint ngan hon, sé cdnh bao moi
phut it hon va tai nhan thiic (NASA-TLX) thap hon. Trong tuong lai,
can cai thién dé léch gilta cac khung hinh va cac tham sé ctia HUD
[6-8], [11].

HUD vs No HUD — Key Performance Metrics
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Hinh 10. Két qua so sanh gitia hai phuang phap c6 va khdng cé HUD

5. KET LUAN

Ung dung céng hé Al vao linh vuc hang hai két hgp cong nghé
tri tué nhan tao dang la xu hudng déi véi cang théng minh hién nay.
Bai bao nay da dé xuat, xay dung dugc giao dién HUD cho USV trong
cang dé hién thj cac théng s6 can thiét cho quan ly, diéu hudng
trong cang. Ngoai ra, két hgp véi moé hinh Al trong du doan va canh
bao va cham cho USV véi cac vat can tinh va déng. Két qua nghién
clu cho thay da thir nghiém mot s6 yéu cau va dap Ung dugc dé cé
thé phat trién va thi nghiém mé hinh thuc té trong tuong lai.
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