TAP CHi KHOA HQC TRUONG PAI HOC HONG BUC
Hong Duc University Journal of Science

P-ISSN 3030-4628
E-ISSN 3030-4636

PHUONG PHAP SCAN MATCHING CHO DU LIEU LIDAR 2D SU DUNG
CHIEN LUQC TIM KIEM PHAN CAP VA HAM MUC TIEU KHANG NHIEU
ROBUST 2D LIDAR SCAN MATCHING USING COARSE-TO-FINE SEARCH
STRATEGY AND TRIMMED ROBUST OBJECTIVE FUNCTION

Lé Viét Nam!
Nguyén Thi Bich Nhat!
Nguyén Trung Hiéu'*

'Khoa K¥ thuat Cong ngh¢, Trudng Pai hoc Hong Diic;
"Té4c gia lién hé; Email: nguyentrunghieu@hdu.edu.vn

DOI: https://doi.org/10.70117/hdujs.3030-4628.90.09.2026.1152

Ngay ndp bai: 31/01/2026; Ngay giri phan bién: 11/02/2026; Ngay duyét dang: 25/09/2026

Tir khoa:

Lidar 2D, Scan
Matching, t6i uu
hoa, Coarse-to-Fine,
Trimmed MSE.

Keywords:

2D Lidar,

Scan Matching,
Optimization,
Coarse-to-Fine,
Trimmed MSE.

TOM TAT

Bai todn Pinh vi va Ldp ban do dong thoi (SLAM -
Simultaneous Localization and Mapping) trén cdc nén ting
phdn cimg han ché tai nguyén luén la thach thire 16m doi voi
robot dich vu gid ré. Bai bdo nay dé xudt mét phwong phdp
khép div liéu quét (Scan Matching) t6i wu héa, két hop chién
liwge tim kiém tir thé dén tinh (C2F - Coarse-to-Fine) va ham
muc tiéu khdng nhiéu (Robust Objective Function) Trimmed
Robust dé gidi quyét van dé héi tu chdm va sai léch do nhiéu
déng. Thiee nghiém trén cam bién Lidar 2D cho thdy phwong
phap dé xuat (C2F-Trim-Robust) dat do on dinh vueot tréi véi
dé léch chuan sai sé thdp nhdt (178.6mm), giam thiéu déing
ké rii ro roi vao cuc tri dia phwong so véi cdc phwong phdp
truyén théng nhw ICP hay MSE thudn tiy. Pdc biét, chién
luoc phan cap glup duy tri thoi gian xur ly 0‘ murc 3.73s, cho
thay tzem nang trién khai trén cdc vi xir ly cdu hinh thap, tuy
van can tiép tuc toi wu dé ddp iing yéu cau thoi gian thue.

ABSTRACT

Simultaneous Localization and Mapping (SLAM) on resource-
constrained hardware remains a significant challenge for low-
cost service robots. This paper proposes an optimized Scan
Matching method that integrates a Coarse-to-Fine (C2F)
search strategy with a robust Trimmed objective function to
address slow convergence and dynamic noise interference.
Experiments with 2D Lidar sensors demonstrate that the
proposed method (C2F-Trim-Robust) achieves superior
stability with the lowest error standard deviation (178.6mm),
significantly reducing the risk of local minima compared to
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traditional approaches like ICP or pure MSE. Notably, the
hierarchical search strategy maintains a processing time of
3.73s, indicating the potential for deployment on low-end
embedded processors, although further optimisation is
required to meet real-time requirements.

1. DAT VAN BE

Trong ky nguyén Cong nghiép 4.0, Robot tuy hanh (AMR - Autonomous Mobile
Robot) di tré thanh mat xich khong thé thiéu trong chudi cung tng logistics théng minh.
Dé van hanh tu chi trong cic méi trudng khong xac dinh, robot can giai quyét bai toan
c¢dt 16i SLAM: Pinh vi va Lap ban dd dong thoi [1], [2]. Dbi v6i cac nén tang robot
thwong mai tim trung va thp, cam bién Lidar 2D van 1a lya chon wu tién nhd sy can
bang giira d6 chinh x4c hinh hoc va chi phi dau tu [3].

V& mit nguyén 1y, Lidar 2D str dung cong nghé Time-of-Flight dé thu thap dit
liéu khoang cach, tao ra cic dam may diém (Point Cloud) mé ta lat cit moi truong
(Hinh 1). Thach thtc 16n nhét cua Lidar SLAM nam & k¥ thuat khop dir lidu quét
(Scan Matching) - qua trinh tim kiém phép bién ddi toi wu dé hop nhat cac dir liéu quét
101 rac tai cac thoi diém khac nhau thanh mot ban d6 toan cuc nhat quan.

(a) (b)

Hinh 1. Minh hoa qué trinh thu thap dir li¢u Lidar: (a) Mo phong vat ly tia quét;
(b) Dir liéu dam may diém (Point Cloud) thu dwoc.

Tuy nhién, viéc trién khai cac thuat toan SLAM hién dai trén cac thiét bi bién
(edge devices) vé6i tai nguyén tinh toan han ché dang gap nhiéu tré ngai. Cac mé hinh
Hoc sau (Deep Learning), mic du dat hiéu ning cao, thuong doi hoi phan cing GPU
dat tién va tiéu ton nhiéu nang lugng. Nguoc lai, cac phuong phap hinh hoc truyén
thong lai nhay cam véi nhiéu dong (con ngudi, xe ¢d di chuyén) va d& roi vao cac cuc
tri dia phuong (local minima) khi robot di chuyén nhanh. Hon nita, sai s6 lip dat truc
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(boresight misalignment) giita cam bién va khung xe 13 mot van dé thyuc té thuong bi
b6 qua, din dén sai léch tich lity nghiém trong theo thoi gian.

Bai toan Scan Matching 14 nén tang ctia SLAM va dd dwoc nghién ciru sau rong.
Céac phuong phap kinh dién nhu ICP (Iterative Closest Point) va cac bién thé Gradient-
based (nhu trong Hector SLAM) tap trung vao tbi uu hoa cuc bo dé dat toc do cao [4]-[6].
Tuy nhién, nhuoc diém chi mang cia nhom nay 13 yéu cau khai tao vi tri tot va dé bi ket
tai cac cuc tri dia phuong (local minima) khi robot di chuyen nhanh hodc méi truong it
dic trung. Dé khic phuc, cac phuong phap tim kiém toan cuc nhu Correlative Scan
Matchlng (CSM) hay Generalized-ICP di dugc dé xuét va ing dung thanh cong trong cac
hé thong 16n nhu Google Cartographer [7]-[9]. DU dam bao tim duogc nghlem t6i wu,
CSM dbi mit vé6i sy bung no vé chi phi tinh toan khi d6 phén giai ludi tim kiém tang cao.

Trong nhimg nim gan day, sy phat trién cta Tri tué nhan tao di thic diy cac
phuong phap Lidar Odometry dua trén Hoc sdu nhu LO-Net, DeepLO hay cac mang
CNN trich xuét dic trung [10]-[12]; hudéng khai thac dic trung hoc sau ciing duoc ap
dung cho cac hé SLAM thi giac [13]. Mic du dat d6 chinh xac 4n tuong va kha ning
khang nhiéu t6t, cac mo hinh nay tao ganh nang 16n vé tinh toan, khién ching kho kha
thi trén cac vi didu khién nhiing gia ré. Bén canh d6, van dé xir Iy nhidu tir vat thé dong
(nguoi, xe cQ) cling dugc quan tam dac biét [14]. Thay vi dung Al, cac k¥ thuéat théng
ké bén viing (Robust Statistics) nhu Trimmed ICP d3 ching minh hiéu qua trong viéc
loai bo diém ngoai lai (outliers) [15] [17].

So voi cong trinh [17] cling két hgp coarse-to-fine voi trimmed strategy, phuong
phap d& xuét ap dung chién lugc phan cip truc tiép trén ludi tim kiém trang thai thay vi
trén qua trinh tinh chinh cip diém twong mg ciia Generalized-ICP, dong thoi sir dung
ham muc tiéu Trimmed Robust tinh trén ban quét da chuan hoa theo ludi goc cb dinh.
Giai doan tinh chinh ciing ding Gradient Descent truc tiép trén ham muc tiéu nay thay
cho luge d6 lap cua ICP.

Ngoai ra, d§ chinh xac ctia ban dd con phu thudc 16n vao viéc hi¢u chuén ngoai
quan (extrinsic calibration) giita Lidar va robot [18] [19]. Ké thira cac wu diém trén,
nghién ctru nay phét trién mot kién trac lai: str dung chién lugc tim kiém phan cap
(trong tw CSM) dé dam bao tinh toan cuc, két hop véi ham muc tiéu Trimmed MSE dé
khang nhiéu dong va tinh chinh bang Gradient Descent ¢ giai doan cudi, huéng t&i cac
hé thong ¢6 tai nguyén tinh toan han ché.

bé giai quyét cac thach thirc trén, nghién ctru nay dé xuat mot giai phap Scan
Matching tdi wru hoa danh cho Lidar 2D trén nén tang phan cing thap, tip trung vio ba
dong gbp chinh:

Chién hmc tim kiém tir thé dén tinh (C2F - Coarse-to-Fine): Ap dung co ché tim
kiém phén cdp da do phan giai, gitp thuat toan thoat khoi cac cuc tri dja phuong va
tang kha nang hoi tu vé nghiém tdi wu toan cuc vai chi phi tinh toan thap.

Ham muc tiéu khdang nhiéu (Robust Objective Function) Trimmed Robust: Két
hop k¥ thuéat cat got théng ké (Trimmed) dé tu dong loai bo nhiéu tir vat thé dong ma
khong can cac budc tién xir Iy phuc tap.
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Tinh chinh bang Gradient Descent: Tich hop budc t6i vu hoa dya trén gradient
ctia ham muc tiéu khang nhiéu & giai doan cudi, ning cao d6 chinh xac ctia phép udc
luong trang thai.

CAu trac con lai cia bai bao duogc té chirc nhu sau: Muc 2 trinh bay chi tiét
phuong phap dé& xuit; Muc 3 thao luan vé cac két qua thuc nghiém va danh gia hiéu
ning; cudi cing, Muc 4 dua ra két luan va huéng phat trién tuong lai.

2. PHUONG PHAP NGHIEN CUU VA GIAI PHAP DE XUAT

2.1. Kién tric hé thong SLAM tuén ty

Nghién ctru dé xuat moé hinh SLAM hoat dong theo co ché udc luong trang thai
tuan ty khép kin (Closed-loop Sequential Estimation). Trong cdu tric nay, thanh phan
cot 181 12 bd khép dir lidu quét (Scan Matching) dong vai tro xac dinh phép bién ddi
hinh hoc giira cac khung hinh Lidar ké tiép dé cap nhat vi tri robot va 1am giau dir liéu
ban d6. Tai mdi chu ky #, hé théng tiép nhan dit liéu cam bién va thyc hién chudi xu 1y
khép ndi — tdi vu héa nhu mé ta tai Hinh 2.
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Hinh 2. Luwu d6 mdt gidi phap SLAM co bén véi trong tam la ky thuit Scan Matching.
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2.2. M hinh héa va tién xir Iy tin hiéu
Dé chuyén do6i dir lidu tho thanh cac dic trung hinh hoc bat bién, quy trinh tién
xu 1y thyc hién hai tac vu chinh:
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Chuyén doi khong gian (Spatial Transformation): Anh xa dam may diém tir hé
toa do cuc (7, 0) sang hé toa d¢ Decartes (x, y) theo cong thirc (1). Qua trinh nay duoc
minh hoa tai Hinh 3a.

P:{(ricosei,ViSinei)|rmin§7”i§l"max} (1)

Chudn héa dir liéu (Data Normalzzatlon) Ap dung ky thuat Noi suy Goc
(Angular Interpolation) dé tai 1y mau dit liéu vé mot ludi goc ¢b dinh. Piéu nay cho
phép thuc hién cac phép so sdnh vector hoa hi¢u qua gitra ban quét hién tai (Source) va
tham chiéu (Target) nhu mé ta tai Hinh 3b.

B Quét tham chiéu (Target)
r @ Quét hign tai (Source)
‘ 6
[ ]
5 ]
°®
4 [ |
¥i Plxi, i) P
Tim phép bién d&i T, v, d@)
3 [ ]
i, o
2 [} ®
®
L]
6 1 =] o u L ]
X
O (Robot) X 0

o 1 2 3 4 5 6 7

(a) Chuyén dbi hé toa dp (b) Nguyén 1y ghép cdp di li¢u

Hinh 3. Mé hinh héa dir liéu Lidar: (a) Chuyén ddi tir khong gian cam bién sang khong
gian metric; (b) Bai toan tim phép bién doi toi wu T giira hai khung quét

2.3. Chién lwgc tim kiém tir thé dén tinh (Coarse-to-Fine Strategy)

Dé dam bao tinh 6n dinh ctia phép dinh vi trong khong gian tim kiém phi tuyén
phuc tap, chung t6i dé xuét quy trinh t6i uu hoa trang thai robot X = [x, y, 6]" dya trén
sy thay d6i da tang ctia do ‘phan giai khong gian. Qua trinh nay duoc mo hinh hoa toan
hoc thong qua viéc cuc tiéu hoa chudi ham muc tiéu trén cac mién tim k1em thu hep
dan. Goi ok 12 budc nhay (resolution) tai ting k, thuat toan thuc hién khép ndi qua ba
giai doan chién Iwoc dcoarse — Omedium — Ofine.
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Bang 1. Chién lugc khép dir liéu quét da tang dua trén Gradient Descent

Input: Ban quét nguén Ps, Ban do tham chiéu Mr, Trang thai du doan Xo
Output: Trang thai tdi uvu toan cuc X*

Thiét 1ap lu6i tim kiém thd Qc = {Xo £ Amax} V6i budc de = 0.5m

X, « argminxeqc Score(Ps, M, X) > Tim kiém tho trén ludi

Xac dinh mién 1an can Qn = {X. + ¢} v6i d6 phan giai trung binh d, = 0.1m
Xm < SubPixelSearch(Ps, M1, O, Om)

Khéi tao trang thai hoi tu X© = X,

Thiét 1ap ham muc tiéu khang nhiéu Jrim(X) vi ngudng cat got Poo

: while khong hoi tu and & < kmax do

10:  Tinh toan Gradient: V7sim(X®) = 6/0X Jrrim(X®)

11:  Cap nhat trang thai: X&D «— X® — qVJrin(X®) D> o la budc hoc

12: k—k+1

13: end while

14: X* « X®

15: return X*

WRXRAIN B

Viéc tich hop phuong phap Gradient Descent vao giai doan cudi (Giai doan 3) cho
phép thuat toan dat duoc do chinh xac milimet bang cach tan dung thong tin d6 doc cua
ham muyc tiéu khang nhiéu. Diéu nay dic biét hiéu qua khi Giai doan 1 va 2 di cung cap
mot diém khoi dau du gan véi cuc tri toan cuc, giup tranh duoc hién tugng hoi tu sai vao
cac cuc tri dia phuong (local minima) do nhidu vat Iy tir cam bién Lidar gay ra.

2.4. Ham muc tiéu khang nhiéu (Robust Objective Function)

Trong moi truong thuc té, sy xuat hién cua vat thé dong tao ra cac diém ngoai lai
(outliers) 1am sai 1éch ham MSE truyén thong. Chung t6i dé xuit sir dung Trimmed
MSE két hop voi mét Ham muc tiéu khang nhiéu (Robust Objective Function) thuc
hién cit got K% dit liéu c6 sai s6 16n nhat (Hinh 4a).

Ham muc ti€u dugc dinh nghia nhu sau:

Jrim(T) = (1/]1]) Tier [Ipi = Bi(DIP, v6i 1= {i]ei<Poo(E) } 2)

Trong do Poo(E) 1a phan vi tht 90 cua tap sai s0, tuong ung voi vige loai bo 10%
diém dir liéu nhiéu nhat. Hiéu qua ctia phuong phap dugc minh hoa tryc quan tai Hinh 4b.
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Hinh 4. Co ché khang nhiéu: (a) So sanh ham mit dj xac suit sai s6 giira MSE va
Trimmed MSE; (b) Truc quan héa cac diém ngoai lai (mau d6) bi loai bé béi thuit toan

2.5. H¢ thong chi s6 danh gia (Evaluation Metrics)

Hiéu ning cta phuong phap khép dir lidu quét dé xuat duoc danh gia dinh luong
thong qua hé thong thang do da chiéu, tap trung vao do chinh xac hinh hoc va tinh bén
virng cua phép udc lugng:

Nhém chi s6 tiéu chuan (Standard Metrics): Panh gia mtc do hoi tu tong quat
giita dam may diém quét hién thoi Ps va md hinh tham chiéu Mr:

Sai s6 binh phwong trung binh (MSE): Xac dinh khoang cach Euclidean trung
binh gitta N cp diém tuong Gng sau phép bién d6i T:

MSE = (1/N) Yi=i™ ||pi — Tqil]? 3)

Can bdc hai sai s6 binh phwong trung binh (RMSE): Cung cap gia tri sai s6 dudi
don vi do ludng metric (mm) nham danh gia do 1éch trung binh ciia toan bo ban quét.

Nhém chi s6 khang nhiéu (Robust Metrics): Danh gia kha nang triét tidu tac dong
tir cac diém ngoai lai (outliers):

Trimmed MSE (t-MSE): Tinh toan sai sd dua trén tap hop con / gdm cac cip
diém c6 trong s6 16i thap nhat:

t-MSE = (1/[I)) Yier e, véil=1{i|ei<Pc} 4)

D¢ léch chudn khang nhiéu (R-Std): Do ludng tinh 6n dinh ciia phép wdc luong
trang thai robot giita cac khung hinh lién tiép.

Chi s6 hiéu nang thoi gian (Efficiency Metric): Thoi gian xit 1y trung binh (7,
tinh bang gidy) cho mdi chu ky khép ndi, danh gia mirc d6 dap tmg yéu cau thoi gian
thuc ctia thuat toan trén cac nén tang nhiing han ché vé tai nguyén.
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3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Thiét 1ap méi truong thwe nghiém

DPé danh gia tinh kha thi cta thudt toan trén cac nén tang phan cting han ché
(Low-end Hardware), cac thuc nghiém duoc tién hanh tai Phong thi nghiém Robotics,
Pai hoc H@)ng Diic v6i cAu hinh thiét bi nhu sau:

Cdm bién: Lidar RPLIDAR C1 (tan s6 10Hz, ban kinh quét 12m).

Nén tang tinh todn: Laptop cau hinh thap (Intel Core i3, RAM 8GB), dai dién cho
cac may tinh nhiing (Mini PC) thudng dugce sir dung trén cac robot dich vu chi phi thap.

Thuc nghiém duoc thuc hién trén tap dir li¢u g6m 30 ban ghi Lidar thu tai cac vi
tri khac nhau, véi thoi gian xir 1y toan tép xép xi toc d6 thu dit liéu ctia cam bién.

Céc tham s6 tim kiém duoc thiét 1ap thong nhat nham dam bao tinh cong bang
trong qué trinh so sanh:

Nhém phieong phdp Coarse-to-Fine (C2F): St dung chién luogc tim kiém phéan
cip gdm ba muc d6 phan giai (Coarse — Medium — Fine).

Nhém phwong phdp truyén thong (Non-C2F): Thiét 1ap pham vi tim kiém cd dinh
+5m v6i bude nhay 20cm.

Tham s6 loc nhiéu: Ngudng cit (Robust threshold) duoc ¢6 dinh & mutrc 5cm cho
cac ham muc tiéu Trimmed va Robust.

3.2. Kich ban danh gia va két qua dinh lwgng

Nghién ciru tién hanh so sanh trén 16 bién thé thuat toan khac nhau nham phéan
tich doc 1ap hai yéu t ¢t 13i: chién luoc tim kiém (C2F so véi tim kiém toan cuc thong
thuong) va ham muc tieu (MSE, MAE, Trimmed, Robust).

Két qua dinh luong chi tiét dugc trinh bay trong Bang 2, trong d6 cac phuong
phép duoc sap xép theo d6 1éch chuan sai s6 (Std) tang dan.

Bing 2. So sianh hi¢u ning cic phwong phap Scan Matching (sip xép theo Std ting din)

Phuong phap Std (mm) | | Std (%) | |MAE (mm) | | RMSE (mm) | [T (s) |
* C2F-Trim-Robust 178.6 1.85 116.4 182.7 3.73
C2F-MSE 186.1 2.02 113.8 197.7 2.79
C2F-Corr 190.2 2.06 119.6 202.5 3.71
C2F-Robust 190.2 2.06 119.6 202.5 3.71
Correlation 202.5 2.17 134.4 214.9 5.12
Trim-Robust 202.5 2.17 131.2 213.6 5.13
MSE 204.4 2.21 126.8 213.1 3.29
C2F-Trim-MAE 217.2 2.27 103.3 264.0 8.92
C2F-MAE 225.7 2.47 99.9 243.6 3.43
MAE 243.9 2.66 106.9 254.6 3.59
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Phuong phap Std (mm) | | Std (%) | |MAE (mm) | | RMSE (mm) | [T (s) |
C2F-Trim-Corr 248.2 2.71 107.4 259.1 4.12
C2F-Trim-MSE 250.5 2.74 108.2 262.4 4.46
Trim-Corr 251.7 2.74 109.7 259.2 6.06
Trim-MSE 252.7 2.76 110.3 264.8 3.79
Robust 257.2 2.80 108.3 269.1 14.35
Trim-MAE 266.8 2.91 111.4 279.0 3.76

Ghi chii: Ky hiéu * biéu thi phirong phdp chiing téi dé xudt; | biéu thi gid tri thap hon cho két

qua tot hon.

3.3. Phan tich va danh gia

Dua trén cac két qua tong hop trong Bang 2, ¢6 thé rat ra mot sé nhan dinh sau:

Hiéu qud cia chién lwge Coarse-to-Fine (C2F). Cac phuwong phép sir dung chién
luge C2F, tiéu biéu 1a C2F-Trim-Robust, C2F-MSE va C2F-Corr, cho thiy uu thé rd
rét vé ca do on dinh va chi phi tinh toan. Cy thé, C2F-MSE dat thoi gian xir Iy nhanh
nhit (2.79s), giam hon 15% so v6i phuong phap MSE truyén thong (3.29s), mic du
khong gian tim kiém hiéu dung 16n hon. Piéu nay chirng minh hiéu qua cua chién luoc
tim kiém phan cap trong viéc loai bé sém cac ving khong tiém nang.

S danh doi giita @6 chinh xdc va dg én dinh. Mot quan sat dang chu ¥ 1a sy ddi
lap gilta cac ham muc tiéu MAE va Robust. Phuong phap C2F-MAE dat sai s6 tuyét
dbi trung binh thap nhat (MAE = 99.9mm), cho thay kha ning khép diém rat chinh xéac
trong diéu kién thuan loi. Tuy nhién, do léch chuan ciia phuwong phap nay lai twong dbi
cao (Std = 225.7mm), phan 4nh sy thiéu 6n dinh khi méi truong chtra nhiéu nhiéu.

Nguoc lai, phiong phap d@é xudt C2F-Trim-Robust chap nhéan sai s6 MAE cao
hon (116.4mm) nhung dat d6 6n dinh tot nhat (Std = 178.6mm). Trong bai toan SLAM
cho robot di dong, tinh 6n dinh va kha nang lap lai ctia két qua woc luong dong vai tro
quan trong hon dg chinh xac cuc bd tirc thoi.

97



TAP CHi KHOA HQC TRUONG PAI HOC HONG BUC P-ISSN 3030-4628
Hong Duc University Journal of Science E-ISSN 3030-4636

SLAM - Quy dao & Ban dé

800

600

400 #7

200

Y (mm)

270°

-200

400 [
|
{

180° X (mm)

Hinh 5. True quan héa két qua Scan Matching véi phwong phap C2F-Trim-Robust.

Tém lai, hé thong chi s6 danh gia (Evaluation Metrics) cho thdy su 6n dinh vuot
troi ciia phuong phap dé xuat. Su két hop giita chién lugc tim kiém Coarse-to-Fine va
ham muc tiéu khang nhidu Trimmed Robust trong phwong phdp C2F-Trim-Robust
mang lai sy can bang t6i wu giita d6 on dinh, kha ning khang nhiéu va thoi gian thuc
thi, cho thay tiém ning Gng dung cho cac hé théng SLAM trién khai trén nén tang phan
cting cdu hinh thap.

4. KET LUAN

Nghién ctru di dé xuat va kiém ching thanh cong mot giai phap Scan Matching
hiéu qué danh cho céac h¢ thong SLAM trén nén tang phan cing han ché. Bang cach
tich hop chién luoc tim kiém tir tho dén tinh (Coarse-to-Fine) véi ham muc tiéu khang
nhidu Trimmed Robust, phuong phap dé xuit di giai quyét dugc mau thuin giita do
chinh xéc, tinh 6n dinh va chi phi tinh toan. Cac két qua thyc nghiém cho thiy phuong
phap C2F-Trim-Robust dat d6 léch chuan thap nhét (178.6mm) trong sd 16 bién thé
thuat toan dugc khao sat, déng thoi duy tri thoi gian thue thi ¢ mure chap nhan duogc
(3.73s). Tuy nhién, so voi tan s hoat dong 10 Hz cta cam bién, mirc thoi gian xir Iy
nay can tiép tuc duoc toi wu dé dap tmg yéu cau thoi gian thuc. Kha nang khang nhiéu
ddng va tranh cuc tri dia phuong cia thuat toan dong vai tro then chdt gitip nang cao
do tin cay cua robot dich vu trong moi truong thuc té.
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