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XU HUONG PHAT TRIEN CAM

BIEN TU' TRUONG DO NHAY

Nguyén Van Tun | Bo mon V4t Iy, Hoc vién K thuat Quan sy’
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Impact Panel

Students hijack luxury yacht New Report Details GNSS Spoofing Including
with GPS Spooﬁng Denial-of-Service Attacks

L Yy .
Russian GPS jamming in Ukraine Ships fooled in GPS spoofing attack
pushes Britain to seek alternatives  suggest Russian cyberweapon
' o 00000

Thiét hai: 1 Ty USD/ngay (M¥) | 1 Ty
Bang/ngay (Anh).

ﬂNhiéu séng (Jamming) | Thue trang: Vi khi dan dudng, tau van
-Coyvo hiéuhda [ tai, va drone lién tuc bi danh lira hoac

tin hiéu. o - | e e vd hiéu hoa.
74 Gia mao (Spoofin T : , \ I S,
_ Thay.dé'i(tga dé 9) ElLoi mm\trucmgh Két luan chiéen lugc: Can gap giai phap
muctiéu. - Da dudng truyén, dinh vi tang cudng va cong nghé thay

phat xa mat troi. thé khong phu thudc vé tinh.




Hé thandBirm gi, Dhn dubyngwa Thoi DiXm
Pinh vi, Dan dudng va Thai gian
Linh hoat (Resilient PNT) 0.

Lop bé mat: GNSS, Tin hiéu

PNT Linh hoat: Tu dong thich (rng trong moi trudng di dong, Radar/Lidar
i dong, [

phtrc tap bang céch tich hgp da ngudn cam bién, dam
bao tinh lién tuc va do tin cay tuyét doi.

‘Umbrella of Resilience’

pong ho lugng tir IMU lugng tir Cam bién tir lugng tir D9 chinh xac tuyét doi,
khong thé bi gay nhieu

L6i lugng ti (Quantum Sensors): Dong ho luong tlr, IMU lugng tir, Cam bién tir luong tir

(D6 chinh xac tuyét doi, khong thé bi gay nhieu).



Hé thandBDirh @i, Dmin dubrngwa Thoi DiX¥m

PNTt L ng? In@ tn g
T f=m[Toe '

K———___jlh‘g-.

) Giai Phap » | S Pos, Vel
GNSS ' Dan Dudng : Ve . P06 Cao

T

Luong tu (Qubit)

=C,|0) + C4|1)

Tur Ké f—

‘ So Sanh

p - Ban Do

, Trong Luc Ké —
(Luong tur)

Cam bién lugng tlr déng vai tro tham chiéu tuyét dai, va I5i troi S .
dat ctia hé thdng quan tinh (INS) khi GNSS bi v6 hiéu héa. Co dien (Blt)

Nguyén ly chong chap (Superposition): Ton tai dong thoi
nhiéu trang thai (C,|0) + C,[1)).

Rai lugng tir (Entanglement): Tuong tac tirc thai trong
khong-thdi gian.

Tinh nhay cam vi mé: Cac trang thai nay cuc ky dé bi pha
vo bdi moi truong ngoai -> Tao ra cac hé cam bién siéu
chinh xac chua tirng co.

—© - Trang thai nhj phan tinh: 0 hodc 1. A o: g %
= Han ché&: Cam bién c3 dién bj gii han bdi nhiéu nhiét I-h‘ I ..e t
va gidi han dién tu. C C n g

11 0)

John Clarke Michel H. Devoret John M. Martinis



=

L

1. Chuan bj
nguyén tu/hat
(Preparation)
Tao ra mot hé hat &
trang thai lugng tlr
xac dinh (thudng
str dung cong nghé
lam lanh nguyén tur,
laser, hodc budng
hoi nguyén ta).

2. Tuong tac
moi truong
(Interaction)
Hé hat tuong tac
V@i cac trudng
vat ly bén ngoai.
Ham song lugng
tir bi bién doi do
nhiéu loan cyc
nho.

3. Rat ra thong tin
(Measurement)

Do luong sy

thay doi trang théi
(Gia toc, van toc
gdc, trong luc,
hodc tir trudng)

M 4 !
oo

\ "
Trudng
* trong luc

Tu trudng

e —————————

—_
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Tuehmtge tir cya aguyén to

Tuong tac Spin-
Orbit & Tach murc

X
X2
X

\/
A

Khi nguyén tu dat
trong tur trurdng ngoai,
tuong tac bat cap
spin-orbit gay ra hién
tugng phan tach nang
nang luong va cau tric
vung nang lugng.

Hiéu ing Zeeman va
tién dong Larmor:
Tan s6 dao dong cla
electron bién doi ti 1é
thuén tuyét doi véi
cuong do tur truong
Xung quanh.

Cong nghé hién
hanh

Ry RY
J=3/2 13/2, £1/2>
. 13/2, £3/2>
R4 / A
- “(R® 4o
R6 (R6v) X
J=1/2 11/2, £1/2>
E
+ PO &
- 3 R6 (R6c)
R, J=1/2 1172, £1/2>
—— e NEERE ey
SOC=0 SOC#0

[V SQUID (Giao thoa

M

lurong tr siéu dan).

SERF (Budng hoi
nguyén tu trao doi
spin - khong can lam
lanh sau).

Cdong nghé trang thai
ran & Quang co hoc.




Unogdyng gja &y k& uwengnig

TU K& Bién Thién
(MAD) Probe

M6t s6 loai chim troi dinh vi thdng qua hién tugng lugng tr
dién ra trong cac protein nhay cam tur trudng & véng mac,
cho phép chiing “nhin” thdy tir truong Trai Dat.
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1
1
|
|
|
1
1

|
|
\
|
\

T —
\
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|
|
|
|
|
|
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Tu Ké Bién Thién (MAD): Do tim
su nhiéu loan siéu nho trong tur
truong Trai Pat do khai kim loai
khong 16 (tau ngam) gay ra dudi

b “', ) day bién sau.
Loai: Bar-tailed Godwit ‘ _ NN = - / .

U'u thé tuyét doi: Tin hiéu tir
truong khong bi can trd bdi moi
e e e truong nudc nhu tin hiéu vé tinh
Khedng cach: 12,560 km qua WA ‘. \‘g \ I / hay radar UUyén ih@ng Thiét b|
o e duoc gén trén dudi may bay tuan
S ol et e SaE Big tham hoac truc thang san ngam.
khong. Pay la ban nguyén mau

hoan hao cho cong nghé PNT

lugng tir quan su.

Thoi gian: Bay lién tuc 11 ngay.




() Dan duong Ban do Tut

Str dung mang ludi di thudng tir truong cua I6p vo Trai
Dat nhu mot ‘dau van tay” dinh vi.

Thang 2/2026: Q-CTRL hop tac véi Airbus thtr nghiém
dénh gia hé thdng dan duang lugng tir hoan chinh.

Northrop Grumman phat trién cam bién tir va giao thoa
k& nguyén ttr cho moi truang khdng cé GPS.

Nam 2023: D6t pha trinh dién ngoai khéng gian dau tién
cua con quay hdi chuyén nguyén tir hiéu nang cao (DIU
& Ixatom).

| Tiéu Chi I Co Dién J | Luong Tw

Femtotesla - Tuyét doi B

Do Nhay Pico/nanoTesla e

Can chan khong, chéng
| ohicu, lam lanh

MGoi Truong Diéu kién ty nhién
SWaP . . Khai lugng 16n, tiéu thu nang
(Kich thuc/Nang lugng) Nh6 gon, Mobile /" | 1ugng cao dolaser/quang hoc Al

Chi Phi Thap-Trungbinh &/ | Rat dit dd, >$10,000+ A

Do Truong Thanh Da thuong mai hdéa Dang thtr nghiém thuc dia

- - = e 4

congnghc i Jn€ rngs d, neactinhc h HIt€ gl W £ nlg n h Ykhang
nhichocacl o€ i [Jn

Clhnbi /ih~ wngbtrongquans L angdYntghnghi m

Clnmbi /Jn€ rtgconph [tir fuacac b€, oang c blpt " @©uv Kich t h €, kh’
| € wacoéngs u Hléut h(SWaP)L W6t htwhh™ péncach t h’ m gkhi

Cot haVd_ nagicd Unogl i Am uy @n B W ngag_  ntongcacl o m h &hac nhau
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exchange anisotropy

'

= easy directions

= fluctuations

= parallel spins

precession  damping
aJ a¥ oJ

Gl g e
A G AT,

strain effects

external field

~

<— easy axis

= rotation

Vat liéu ttr mem:
* DO tlr hoa bao hoa cao (M)
e Lwc khang tw thap (Hc)

D_cl'\) tu ,thém‘ C?O (IJ)R ” 300 -200 100 O 100 200 300
Di hwdong tw tinh thé thap H (Oe)
T6n hao I6i thap

Tonn quan ve@adltéiu tioum Qurva Hadtinh tir
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Nguyén ly haiitnn agja hiéu trungdME

HiRu wng t.. giYo HiRu wng ap Si?n
T trwag = Bidh dyng - e ng suyit = Phanc cS2a - 7i?0 ap ra

V, ~S

__%{N Vo,

u 119 sueyd

Tin hi3u Sizn
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Coéng ncghh Vad ticiu vaurmyglyna aiimrbiéns]

Ung dl_]ng Thl_fC tién & Hiéu SU5t: 0ptiona| data table:
La ban dién ti do chinh xac cao

H . ) 3 Do phan gidi géc
= / N
o @ 0,05 do
Sai s6 cuc thap chi

0 1 d-l\ Sai 6 ti trudng Trai dat:
,1 A0 © 0,015%

T6i uu héa bang cdu tric hinh hoc /4
Diéu khién tinh chét tif va tang d6 nhay
thong qua viéc diéu chinh ty 1é dai/rong |

/\ Dai géc do:
0 dén 360 do
~ DO nhay ti truang:
1 nanoTesla

Nén tang Vat liéu &

Vat licu FQuas Cong nghé Metglas/PZT

(Magnetoelectric)

\ [ —~ \\ / Tur ké tham do dia tir (Magnetometer)
METGLAS v [U Gia Do phan gidi dat Phuc vu tham do
v 8 3 ( : muc dudi Y
(18um) e 0.1 nT 3 truc
PZT ' 'f & v / n chinh xéc
(500um) 53> .

Kiém tra thép

) Ty Hiéu (ing chuyén doi khong pha huy (NDT)
T6i uu héa bang Tu - Dién Phét hién vét nit quy mo
cau tric hinh hoc Bién ddi tir trudng ngoai micromet trén thép tam va thép
Diéu khién tinh chat tirva thanh tin hiéu dién thé 6ng trong phong thi nghiém

tang do nhay thong qua
tiéu hinh hda



Cdmbién/ME cho la ban Hién tin

|
-

[‘_ﬁ_ =

Metglas
(day18um)

Cht]%ol i 1] haic hi Qu

T bIRZT (USA)
(day500um)

—
'||I||II||||||I|||I|||
ocmi 2

Vditi MEit h”
Metglas/PZT

scc
195110 @Rgay

VNU - UET

MAG SEN
RevA

T hibJjtk Bait r sae
khil €’ cdt/d o

(a) SEM image of ME composites

PZT plate

P

Dai goc do

D¢ phan giai goc
Sai 0 goc
Chuan hoa

Thé offset

Man hinh hién thi GLCD

Nguon nudi

Két ndi ngoai vi

500um

i
(TN R R A B ©

S
/ i Adhesive layer
R

£ Metglas

Tir 0 dén 360 do
0,05 do
0.1do
Tu dong
Tu dong bu trir

320x240, 16 bit mau,
Backlight, resistive touch

5VSC - 200 mA
Pin Li-ion 3.7V - 1200mAh
USB, USART

400umjjj0 1.0k

?2 )

THONG SO HOAT DPONG CUA THIET B

Sai s tir truong trai dat

D§ nhay véi tir trudng tréi dit
Goc chét (dead angle)

Chuén hoa

Nguon nudi

Vixirly

ADC

Téc do lfiy mau

0,015%
1 nanoTesla

Khong
10" do
én dén 100 °C
ARM Cortex M4, tich hop
DSP, tiét kiém dién, hiéu
nang cao

12 bit

I Msps
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4 L ELECTRONIC

%\ S cmpass <
:

ELECTRONIC
Compass

Tichh ™ yw. mYclh t n Labanl i t rPatent2022

DlhHoWlt nag ytifhvaphang i goc~ 0.1A

L JX
(O] /"O O 00 Qago ','QO;%—

Output angle (deg.)

Sensor signal

emmmSensor 1(S,) emmmSensor 2 (S,) s'=g’+s’

1 1 1 L 1 L 1 L | 1 1

-360 -270 -180 -90 0 90 180

360

270

180 (AT

90

Angle ¢ (deg.)

270 360

Output angle <+

0 90 180 270

Mechanical angle (deg.)

-2
360

AS =1

Error of the angle (deg.)
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Cdrmbién/ME cho la ban Hién tin

Tich pv ilaban
i1 nt

scc
195110 @Rgqy o

VNU - UET
A sen

A Pitch anglBoE0.8

— = S A Yaw angle36fi00.25
ol A Polarization aB6Uét 0.5)
= | B A Turn rates®/slghd A

~ ) <.
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L 1phani Pcab O ¥ H@LnT

QuytrinhETU™ O
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T k&/pHug wy thhnk do Hia tar, quan su

HE DAU DO VI CAM BIEN TU TRUONG DYA TREN CAU TRUC CHIET HINH
UNG DUNG TRONG MOT SO NHIEM VU QUAN SU

™M1 ™2112

o] W FRACTAL SENSOR

™21A2, . \wm

MIFRACTAL SENSOR | mes e M FRAGTAL SENSOR
o) A o :

(L

 URACTIUENR = | WRACTLSESR L -
\ = /. = 4 ‘ VNU-UET

VMINATE

3-axis Geo-Magnetometer

Integrated with GPS and LPWA

z

SAN PHAM BE TAI BTBL.ON - 02117

ST TR oYY T S
.
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3D Magsen (version 2)
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Man hin

hida th3
tin hiRX
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