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Development of Video Stabilization Technology
in Extreme Environments Using Lidar-inertial Odometry
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Abstract: This study proposes designing and applying a video stabilization algorithm using LIDAR-inertial odometry (LIO). The
performance of the video stabilization function was validated in narrow, low-light environments using a small robot. A unique camera
pose estimation method based on LIO has been introduced and integrated with the camera system in this work to not only overcome
the limitations of image feature-based camera pose estimation but also address the issues arising from camera sensors. Thus, this
strategy allows the practical implementation of a robust camera stabilization algorithm even in extreme environments. The proposed
approach is resilient to the differing scan rates of the LIDAR system and the camera, and it enhances usability by filtering noise from
the LIO. Furthermore, it requires less computational resources compared to traditional image feature extraction-based methods. This
technology can substantially improve the operational convenience for robot operators, especially in scenarios where robots equipped
with various sensors are deployed in extreme environments.
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Fig. 1. Changes in roll, pitch, and yaw angles over time in the
FAST-LIO2 odometry and the results after odometry
filtering.

1=x]7k Odometry roll, pitch, yaw 2= W3}kl 28 13} o)
Oscillation®] EAIgHC). Ht] 2. 973} ¥l 4] 3T roll, pitch,
yaw %5 FHilel Al=gle] AR vke AREE A e

Heke Ao 4 gk

wghx] olg HEselr] gk WHoR ol it WHE
ARE3lo] FAST-LIO2 Z3 Odometry Fholl thdl 3322

O

Agsieiek. ol E e B A, 9= A7t
S5 diolHrt BEslEE ArE XN dlolE wisl
HkeAJo] Wojd 4= Qle) &, W F=gA vt e obsrt
7Fssh whe FARE T 28 A2 SollAe v
dol "oz FAZE UERE TFsAdel qdrk wEkA olE
Ao aefdh g Afo]= 4ol Fesith
3. Asynchronous Sensor Data Processing

2 ATlA ARl GarElES glolul, IMU, ZHlEke] Al
7HA] Aol Ao 2 o)E3it) glolukel IMU Al FhE
F3ll FAST-LIO27} 413J%]31, FAST-LIO2 ZA¥ Odometry<}
Fhlete] ojn|#] JrE Sgate] Hite Hds) 2dE 3)
3t} o] u, #lo]tk(10 Hz), IMU (200 Hz) ©lo]EHE 283
FAST-LIO2 A3} Odometry= o]t} AlXe] dlo]g] F7]d
9l 10 Hz= E€rk 7hdlel AlA 715 olrr) Wk 20
Hz=Z, 7hle} o]u]x]7} FAST-LIO29] Odometry:t} wH=7)
74xse] FF 2 olnAE HAUHAY vt sl
AREE = Ul E TFsAdo] EAIgLL o)) 2 Aol A
sl g3 $1ste] Lo ¥arlE Z¥ Odometry FE]
U kel digk 5t 43 B2 (spherical linear interpolation,
SLERP)S ARE-EH 24t Hajsto] g1t o|n|A] Z|Qlol A9
AAE ALFSIIATE

o= o alt) qtta)), ¢= 20
2 1 (1)
sin((1 — ¢")8) sin(t'6)
ERCIEACRT)

q(ts) = qlt2)

-

AV ty,t,t5 (b < t; < t3) olA9] 2] AA| AHYAS
Z¥7F q(t1), q(t), q(ts) 2kl P ()3 2ol ¢y, t, A9
T YRS o] 8310] ¢, oA FEUAS 24T & o,

4

o1F T3k olnlA lelEe] A WTle. QP Al
Fgaick oleld WA AmABE oW AN =

Odometry ¥al2]Fole 482 = glom, o|F Z3l| ov|A|
A G710 gl FAs) olnlx] 29 Alkte 4= Stk
4. Image Stabilization
A3 oA AR 2] FapAlE 19 29 Pk
FAST-LIO2 Odometryi= IMU ZHEAE 7|Fo2 317
wlZo] IMU FEAE Reference ZF3EA R : {Og, X, Yo, Z5} 2,

%) 2. AR A8 =3ke] IMU, Al Ak <) ),
Fig. 2. Coordinate systems of the IMU and camera sensors used in
the experiment.



Development of Video Stabilization Technology in Extreme Environments Using Lidar—inertial Odometry 63

s € {0c, Xe, Yo, Ze} FFAR Asiginh. 25t
oA Axl et F HwA 27t AT Aw B
W {Ow, X, Yo, Zyy }Ol T3 3]5e] At 4= i} o] o
AHA] Fo| me] AW N T Uwses
AEAS AW FE PP HTAS A7 R
{ORH'XRH' YRH'ZRH}a Cy: {OCHrXCHf YCH:ZCH}i “gelaralth
MU, ZHile} Zizte] g Wk FsgAlel diste] 3
wghuto] 881517 WEol 0g = 0p,, O = 0, ° VA7)
R,

FAST-LIO2 A% Odomery &% #& S A% 7+
5}3_‘1_7:"0” EH?_]: §17§_ Xéﬁ:g— -:rqul/]?j %EHE OLj_% '}Il g}\q—
q@=Qqp+axl+ qyj +q;k).

- M)
¢ =tan (172@3%13 @)
0= Si1171 (2(QWQ-y - QI‘QZ)) (3)
— tan-1 M)
W= tan (1—2(q§+q§) )

Qr@)°] A& ARgate] HEYA s x, v, z F 3] 34
roll(§), pitch(6), yaw(y) ZH== Wkse] A 7|& FHEAle
2 AR5 vEhET AR 4 Qick o e 2
9 W3 A Atele] #AIE arElated, 271 roll, pitch
74E 00= 713,

u

AQL

R = R.(Y)Ry (0)Ra(9) = Ry (0) R (6) )

59 ) Aelol el p =0 olmz A% sl
ol SEERE 4 A Alole] 314 g ()9 Pol
g 4 onk

HIT] Q. FYSEE flal, oiite] WAl W site] ThleE

g 7 ole Hehilo] drgsE elgle T i

QAP WA S W= dhel S We s7e)
oA E BASl] of=o] gl AEL oH|A| & WEgit)

fo 0 e

K= [0 Iy c{|

0 0 1

©)
71e] Fhdlgke] WIF- depaly E (6)9F 2ol x,y HEF
2879 fof, 9 oA B4 AR ¢, 2 AT
i} AglBHold FAH[16-171S B3l o9 2 yHS
T8 £ gtk g d= =S BAs] YsiAdE (),
®F 2ol d=a 7 FA AR (x, y) S BAE X
(Xundistorted> Yundistorted) & &FelOF T},
Tundistorted = T+ (1 + k- 172 + ky - v? + k3 - r°)
+(2p1 -2y +p2- (P74 227)) )

Yundistorted = ¥+ (1 + k172 + kg 78 4 kg - 1)
(- (P 4+ 25 +2p2 3 y) @®)

olufl 12 = x2 + y20|1L, ky ky, k= WAL AN AT py
A el AlFE ojvlah 7}13113} Agnelold A4S F3l
T8 2= 9t} ¢fFto] HAY HES ARREt] AR Fheat
U gebE &Y k'S 78 5 9lrho).

[f-i 0 .:1
K'=|0 f;
0 1 (9)
25 33 o] giFo] gl oWHE AT H, ) AlA
7re] 71skeA BAE ﬂaﬁ}oﬂ T W A Re] wigte]
dosiet sig S (18] A WAoR X 530}035}
71 omA] ¥ 1°1]1 olujx] FAe] s} HEA FH
P’ = [w v 1]7 2 ol e sidshs 33kel 3] st
A FE p'w = [ow yw 2w 1T ARIOIE (10)2] #AIA ]
‘dHgk

p; =K [Rf, | tw] ply (10)

K shileh i shelolel 98S, [RGICt,] € R &
A AW A shlel J3 Alelel AR €
ROG)3} WAL, € RS AT 2% P2 ojmaeh,
SRR ol5 53 shulet sEAe] H-gsha (1) Lk

pi, =K [Rfvf' 1 tw] pw an

R € S0(3)3] 3|Had Rell thate] (12)2] BAAo] A e,
RY ' =RY" =R{,

RERE = RE (12)

piv = [RE,RG ° w] KB
_ [Rﬁf"”ngﬂ“ © ti}l} K-'p)
= [Rg;:ﬂ'g" \ —th] K~'p]. (13)
(1Dl (13)Z tigdshd,

Pl = K [RE 2 tu] [RE,RE" |t ] K 1o}
=K [RF7RE RET [O# ty —C ty ] K 'p}

=K[Rg" | 0] K™'pl. (14)
wEpA, 715 olmAl B9 19] sk F p’ ek 3 ofwlA]
Y 1,9 2k 23 p'y, Aele] TRy wighk PHe

H" = K[RZ[0]K 12 Hoa & gla, gﬂb 7} 2
ek =59 Fheller A ko] B AES ojvldith

Ro" =Ry R RS (15)

— (RE)" RERE (16)

=

T 3 omA| el BA AE), F().
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Table 1. Experimental setup and data composition.
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Table 2. Quantitative performance evaluation results for the three experimental environments.
Env1 Env2 Env3
Camera e-CAM24_CUNX RasPi-CAM e-CAM24_CUNX e-CAM24_CUNX
Metric/ Method Feature Odometry Feature Odometry Feature Odometry Feature Odometry
Cropping Ratio (1) 0.943 1 0.96 1 0.966 1 0954 1
Distortion Value (1) 0451 0911 - 0.854 - 0.812 0.996 0.812
Stability Score (1) 0.777 0.846 0.568 0618 0.884 0.731 0576 0.463
Time (ms) (|) 11544 1582 11.901 1527 26.509 1478 11.188 2.985
Total Score (1) 0.188 1.743 0.128 1.619 0.07 1721 0.226 0.762
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Table 3. Computation time and CPU usage (onboard).
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