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11. Tém tat cac két qua méi ciia luan an:

Luan 4n tap trung nghién ciru phat trién cac ki thudt tranh va cham cho robot tur
hanh bao gdm: Nghién ciru va phat trién thuét todn trdnh va cham cho robot dya trén
cAu tric cdy phan 16p hé bao BVH két hop voi ki thuat Elastic strips; Nghién ciru va dé
xuét thuat toan tranh va cham cho robot dua trén tinh toan xac sudt va phan ving dong
muc x4c sudt va cham cho robot tu hanh.

Str dung két hop céc phuwong phap nghién ctru (i thuyét, théng ké tong hop,
chuyén gia, mé hinh héa va md phong, kiém chimg) nham thu thap, tong hop céc tai
liéu ki thuat, cac cong bd khoa hoc céc tai liéu lién quan dén kho hang thong minh, ty
dong hoa kho hang, robot tyr hanh va céc ki thudt phat hién, tranh va cham cho robot tu
hanh. Tir d6, ludn 4n tién hanh phan tich, tdng hop va dua ra cac vén dé cin nghién ctu.
Céc két qua nghién ctru duge kiém chimg, danh gia, d6i sanh gitta mo hinh todn hoc véi
két qua md phong, thudt todn dé xuét thong qua cac cong cu lap trinh c6 tinh Gmg dung
va do tin cdy cao. Ddng thoi, tham khao ¥ kién cdc chuyén gia trong cing linh vuc

thong qua viéc trao doi hoc thuat, seminar, hdi thao, hdi nghi trong va ngoai nude.
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Céc két qua chinh cua luédn an la: B3 d@ xuét thuat toan phat hién, tranh va cham
cho robot tu hanh dya trén ciu tric cdy phan 16p hé bao BVH, két hop véi thuét toan
Elastic strips nhim nang cao hiéu qua cta viéc phat hién va tranh va cham; D3 dé xut
md hinh tinh to4n xac suét va cham dua trén mé hinh todn hoc thé tich; thuét toan phén
vung déng mirc va cham, md hinh x4c sut va cham (P) va phé‘m bu xé4c sudt va cham
(1-P) ctia cac ddi twong va thuat toan phat hién, tranh va cham cho robot ty hanh dya
trén phén ving déng mtc va cham.

12. Kha niing tmg dung thuc tién:

Véi céc két qua nghién ciu duge cong bb, cac dé& xudt vé phat trién ki thuét
tranh va cham cho robot tu hanh cta luén 4n c6 thé ung dung cai dat cho cac robot ty
hanh trong thyc t& nham nang cao hiéu qua hoat déng va (mg dung cua loai robot nay
trong nhidu linh vic ctia doi séng xa hdi, dic biét 1a trong cac Gng dung cia kho hang
thong minh hién nay.

13. Céac huéng nghién ctru tiép theo:

Thir nhét, tiép tuc md rong nghién ciru mé hinh xdc suét va cham P va (1-P) va
thudt todn phat hién, tranh va cham cho robot tu hanh trong moi trudong két hop nhiéu
robot l1am viéc song song.

Thir hai, viéc phat trién hudng nghién ctru s& dugce tinh toan va cai dat kiém thir
thudt toan phat hién, tranh va cham cho robot trong thuc té.

Thir ba, tiép tuc nghién ciru va phat trién, cai tién ki thuat danh gia ving dong
murc xac sut va cham trén Iy thuyét ndi suy nhm tbi wu hoa tinh toan.
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11. Summary of the new findings of the dissertation

The study focuses on researching and developing collision avoidance techniques
for autonomous robots including: research and propose a collision avoidance algorithms
for robots based on the BVH envelope classification tree structure combined with Elastic
strips technique; research and propose a collision avoidance algorithm for robots based
on probability calculation and contour partitioning of collision probability.

Using a combination of research methods (theoretical, general statistics, experts,
modeling and simulation, verification) to collect and synthesize technical documents,
scientific publications, and scientific publications related to smart warehouses,
warehouse automation, autonomous robots and collision detection and avoidance
techniques. From there, the study conducts analysis, synthesis, and issues to be
researched. The research results are verified, evaluated and compared between the
mathematical model and the simulation results, the proposed algorithm through

programming tools with high applicability and reliability. Furthermore, we consult




experts in the same field through academic exchanges, seminars, conferences.

The main results of this study are: Proposed collision detection and avoidance
algorithm for autonomous robots based on BVH envelope classification tree structure,
combined with Elastic strips algorithm to improve the efficiency of detection and
avoid collisions; Proposed collision probability calculation model based on volumetric
mathematical model, collision level partitioning algorithm, collision probability model
(P) and collision probability compensation (1-P) of objects and collision detection and
avoidance algorithm for autonomous robots based on segmentation collision level
region.

12. Applicability

With the published research results, the study's recommendations on developing
collision avoidance techniques can be applied for autonomous robots to improve
operational efficiency and effectivenessin practice with many kind of robots service in
life, especially in smart warehouse .

13. Further research directions:

Firstly, continue to expand the study of P and (1-P) collision probability models
and collision detection and avoidance algorithms for self-propelled robots in the
environment combining many robots working in parallel.

Secondly, the research direction development will be calculated and installed to
test the detection and collision avoidance algorithm for robots in practice.

Thirdly, continue to research, develop and improve the technique of evaluating
the collision probability contour area on interpolation theory to optimize the
calculation.
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