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Téng quan

Tai liéu nay téng hop nguyén ly diéu huéng AMR (Autonomous Mobile Robot) sir dung SLAM d€ di chuyén
gilra cac tang théng qua thang may, va vai tro/chrc nang clia thang may trong hé thong.

DAy la bai todn diéu huéng da tang (multi-floor navigation) — khéng chi la SLAM thuan tdy. SLAM giai
quyét “robot dang & dau trén ban dé”, con thang may thém I8p diéu phdi hé théng toa nha + chuyén déi
ngit canh giita cac tang.

Phan 1: Nguyén ly AMR SLAM di chuyén qua thang may

1.1 Kién tric téng quan

Céc thanh phan chinh trong hé théng:

Thanh phan Vai tro

SLAM / Localization Dinh vi trén ban do6 timng tang

Global planner Lap ké hoach dudng di xuyén tang
Elevator interface Goi thang, mé clra, gilt ctra, nhan trang thai
Mission / State machine Diéu phdi toan bd quy trinh 1&n/xudng tang
Map management Quan ly nhiéu ban dé, chuyén tang

Lubng tuong tac:

AMR + SLAM - Navigation / Mission — Elevator Manager
l
Elevator Controller / BMS
Map Switch / Relocalization

1.2 Cach biéu dién ban doé da tang

A. Nhiéu ban do doc lap (phé bi€n nhat)

» Mbi tang mét map riéng (2D occupancy grid hoac graph).
» Cac map khéng néi lién tuc vé mat hinh hoc — chi lién két qua elevator node.
* Vidu: Floor_1.map, Floor_2.map, méi map c6 di€m elevator_A in, elevator A out.



B. M6t ban dé 3D / multi-layer

* MOt map chira nhiéu “layer” (méi layer = mot tang).
e Phu hgp khi dung SLAM 3D hoac hé thong thuong mai (MiR, Omron, Geek+...).

C. Topological graph (dé thi)

* Node = diém quan trong (phong, thang may, cta).
* Edge = dudng di hodc két néi thang mdy giira cac tang.
* Global planner chay trén graph, local planner chay trén map 2D ting tang.

1.3 Quy trinh dién hinh (State Machine)

[Tang nguén] [Thang may] [Tang dich]
| I I
Navigate --> Wait at door --> Call elevator --> Enter --> Ride -->
Align in cabin --> Door close --> Moving --> Door open --> Exit -->
Relocalize on new floor --> Navigate to goal

Cac trang thai chi tiét

Navigate to elevator waiting point — Robot di dén vi tri cho trudc cira thang.

Request elevator — GUi yéu cau qua API/BMS: tang dich, ID thang, uu tién.

Wait for arrival — Cho thang dén ding tang, cira md, cabin trong.

Enter elevator — Local navigation vao cabin (line following, QR marker, hodac map nhé trong cabin).
Inside cabin — localization bi “mu” — Diém then chét ky thuat (xem muc 1.4).

Ride to target floor — Robot diing yén; hé thong theo ddi trang thai thang.

Exit elevator — Ra khadi cabin, dén diém relocalization da dinh san.

Relocalize on new floor — Xac dinh lai vi tri trén map tang mai.

Continue mission — Diéu hudng binh thudng trén tang dich.

Lo NU R WNE

1.4 Thach thic SLAM / Localization trong thang may
Vvan dé cét 16i
Trong cabin, méi trudng thay dai lién tuc (clra déng/md, cabin di chuyén, ngudi vao ra). LIDAR scan matching

dé drift hoac nhdy pose sai.

Cach xu ly thuc té

Giai doan Chién lugc

Trudc khi vao Localization binh thuong (AMCL, Cartographer,
SLAM Toolbox...)

Trong cabin Tat hoac “déng bang” SLAM; chi dung
odometry ngan hoac IMU

Khi ra cabin Relocalization bang scan matching véi map tang
mgi

Backup QR / AprilTag / UWB tai clra thang hai dau




Vai tro cia Odometry

Trong cabin, wheel odometry + IMU gilr uGc lugng tuong déi ngan (vai mét). Tuy nhién odometry khéng du
dé biét d& 1én tang nao — can tin hiéu tu thang may (floor reached).

Luéng dién hinh:

SLAM (tin cdy) —» Odom only (trong thang) - SLAM relocalize (tdng mdéi)

1.5 Tich hop thang may (Elevator Integration)
Muc do tich hop
Muc 1 — Passive (don gian)

» Robot chi chd clra ma (sensor hodc camera), khong diéu khién thang.
» Phu hgp thang céng cong, khé trié€n khai cong nghiép.

Muc 2 — API véi BMS / EMS (phé bién)

e Giao thic: Modbus, BACnet, OPC-UA, REST API, MQTT.
* Robot gti: call(floor=5), hold_door(), release().
* Thang trd: current_floor, door_open, moving, fault.

Muc 3 — Dedicated robot elevator
¢ Thang riéng cho robot (Kone, Otis, Schindler cé giai phap robot elevator).
» C6 robot mode: giir ctra 1au hon, diéu khién ting budc.

Tin hiéu thudng can

Robot - Elevator: call_floor, destination_floor, hold_door, cancel
Elevator - Robot: current_floor, door_status, ready, in_service, fault_code

1.6 Global planning xuyén tang
Planner khong tinh dudng lién tuc 3D. Thudng la 2 tang Iap ké hoach:
1. Topological planner (dé thi):
Room_A (F1) = Elevator_1_wait (F1) - [elevator_edge] — Elevator_1_exit (F3) - Room_B (F3)
2. Local planner (ting tang): DWA, TEB, Nav2 trén map 2D cla tang dé.

Elevator edge la “canh 30”: chi phi = thoi gian chd thang + thoi gian di chuyén + rui ro 16i.

1.7 Relocalization khi sang tang méi

Sau khi ra khoi thang, robot khéng biét chinh xac pose trén map tang méi (drift trong cabin).

Phuong phap M6 ta

Scan matching So khdp LiDAR v6i map tang méi (AMCL global localization)
Known exit pose  Diém ra c6 dinh; initial pose gan dung

Fiducial marker QR/AprilTag tai clra thang

Feature matching Dac trung quanh khu vuc clra thang




Quy trinh an toan: robot ra dén relocalization zone - diing — xac nhén pose (confidence > ngudng) » mdi
ti€p tuc.

1.8 Luéng dir liéu tong thé

Mission: "Deliver to Room 502 (Floor 5)"
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1.9 Cac van dé thuc té can luu y

An toan: E-stop, phéat hién ngugdi trong cabin, khdng chen khi cra sap déng.

Pong bd thoi gian: Timestamp map, odometry va trang thai thang phai nhat quan.

Nhiéu robot: Queue thang, trdnh hai robot cuing goi mét cabin.

Map maintenance: Thay déi néi that tirng tdng — cap nhat map riéng.

Khe ctra thang / ngudng: Robot phai vugt qua dugc; thuong can map chi tiét vung cla.

Mat mang: Timeout khi goi thang; retry va fallback.

Chuan héa toa dd: Mbi tdng mdt hé toa do; chi néi qua elevator node, khéng cong truc tiép toa dod
gilta cac tang.

No s whN e

Phan 2: Chuc nang thang may trong diéu huéng AMR da tang

2.1 Vai tro vat ly vs vai tro logic



Lép Thang may lam gi

Vat ly Chuyén robot tir tang A sang tang B

Logic (navigation) Canh néi gilta hai map doc lap (Floor_A « Floor_B)

Diéu phaoi Tai nguyén dung chung — nhiéu robot cé thé tranh nhau
An toan Vlung nguy hiém: cla, khe, cabin chuyén dong

Véi SLAM: thang may la ranh giéi ma localization khéng con dang tin. Robot “nhdy” tu mét khéng gian
dinh vi dugc sang khong gian khac, con thang ddm nhiém phéan §é gilra.

2.2 Chuc nang theo go6c nhin hé théng

A. Van chuyén (Transport)

Chlc nang ca ban: dua cabin tlr tdng ngudn dén tang dich.

Robot khéng tu biét da 1&n tang nao néu khéng cé tin hiéu tir thang (current floor, arrived_at_destination).

B. Cira va vung truy cap (Access control)
Thang quyét dinh khi nao robot dugc vao/ra:

» Clra ma du lau dé robot vao (thuong can hold door)
« Cabin dung ding tang, khéng Iéch san qué ngudng
» Khoéng ddng clra khi cé vat can (light curtain, cdm bién cura)

C. Pong bd vdéi robot (Synchronization)

Robot FSM Elevator FSM
GO_TO_ELEVATOR IDLE

WAIT_CALL --> RECEIVE_CALL
WAIT_DOOR_OPEN  <-- ARRIVED + DOOR_OPEN
ENTERING <-> DOOR_HELD

INSIDE -> GO_TO_DEST_FLOOR
WAIT_EXIT <-- ARRIVED + DOOR_OPEN
EXITING <-> DOOR_HELD

RELOCALIZE RELEASE / IDLE

D. Tai nguyén dung chung (Resource management)
* Queue yéu cau
« Reservation (git thang cho robot)
e Priority (robot giao hang vs robot don phong)

2.3 Interface: Robot ¢ Thang

Robot » Thang (Commands)



Lénh Muc dich

call_elevator(floor) Goi thang dén tang robot dang ding
request_ride(dest_floor) Dat dich sau khi da vao cabin
hold_door() Gilr cira mé& khi robot dang vao/ra
release_door() Cho phép déng clra

cancel() Hay khi nhiém vu that bai

ping / heartbeat Gilr session, phat hién mat két ndi

Thang - Robot (Status / Events)

Tin hiéu Robot dung dé

current_floor Biét thang dang ¢ dau
door_open / door_closed Quyét dinh vao/ra

moving / stopped Biét cabin dang chay hay dung
at_destination Xac nhan da dén tang dich

ready _for _robot Cabin san sang (tréng, khong 16i)
fault / maintenance Dung mission, chon thang khac
passenger_present Cé ngudi — c6 thé cho hoac hay

2.4 Céc ché dd van hanh thang véi robot

Ché dé M6 ta
Thang cong cong Robot chi quan sat, kho trién khai céng nghiép
Robot mode API véi BMS, gilr clra 1au, uu tién cabin tréng — phé bién nhat

Thang chuyén dung Chi robot dung, diéu khién hoan toan qua API

2.5 Chuc nang thang tai tung giai doan mission
Giai doan 1: Trudc cira thang (tdng ngudn)
Thang: Nhan call, di chuyén cabin, m& clra, bao ready.

Robot: Di dén elevator_wait_point, chd door_open + current_floor == my _floor.

Giai doan 2: Vao cabin
Thang: hold_door trong khi robot vao.

Robot: Tat/ha do tin cdy SLAM, dung odometry ngan, gui request_ride(dest_floor) khi vao xong.

Giai doan 3: Trong cabin (dang chay)
Thang: Bdo moving, current_floor, at_destination + door_open.

Robot: Ping yén, khéng c¢é SLAM, chd tin hiéu thang.



Giai doan 4: Ra cabin (tang dich)
Thang: Gilt cira md cho dén khi robot bao exited.

Robot: Ra dén relocalization zone, load map tang dich, relocalize, sau dé release_door.

2.6 Thang nhu “canh” trong dé thi diéu huéng

Floor 1: [Room] --- [Elevl_Wait] ====ELEVATOR==== [Elevl_EXxit]
I

Floor 3: [Room] --- [Elevl_Wait] ====ELEVATOR==== [Elevl_EXit]
I

Floor 5: [Room] --- [Elevl Wait] ====ELEVATOR==== [Elev1l EXxit]

Thudc tinh caa canh thang:

e Cost = thoi gian cho + thoi gian chay + do tin cay

¢ Constraint = chi di dugc khi elevator.available == true

* Precondition = robot tai wait_point, thang ready

» Postcondition = robot tai exit_point tang dich, da relocalize

2.7 Chirc nang phu quan trong

» Timeout & retry — Goi thang qua lau - dgi thang hodc hay mission

* Interlock an toan — Robot trong cabin, thang fault, Iéch inside_pose

* Multi-robot coordination — Queue, gén elevator_id, trdnh tranh cabin
¢ Ghi log / audit — Debug khi SLAM Iéch sau khi ra thang

2.8 Phan chia trach nhiém

Viéc Ai lam

Biét vi tri trén hanh lang ting tang  Robot (SLAM/AMCL)

Lap dudng trong tang Robot (local planner)

Vao/ra cabin khéng va cham Robot (local nav + odometry)
Relocalize sau khi ra Robot

Chon thang nao trong toa nha Fleet / mission manager

MG clra, chay tang, bdo trang thai  Thang (qua BMS/API)

2.9 Vi du luéng su kién day da

Mission: F2 —» F5 qua Elevator B

Robot nav dén Elev_B_wait (F2) [SLAM hoat dong]
Robot - Elev: call(2)

Elev - Robot: moving_to_2

Elev - Robot: arrived, door_open

Robot — Elev: hold_door

Robot nav vao cabin (2m) [odom chinh, SLAM phu]
Robot - Elev: entered, ride_to(5)

. Robot - Elev: release_door (cho déng)

10. Elev: moving 2-5
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11.
12.
13.
14.
15.
16.

Elev —» Robot: floor=3,4... (optional)

Elev - Robot: arrived_5, door_open

Robot - Elev: hold_door

Robot nav ra + relocalize (F5) [SLAM bat lai]
Robot — Elev: exited, release_door

Robot nav dén dich trén map F5

Tom tat

Ba tru cdt cua hé théng

1. Perception / Localization — biét vj tri trén tung tang
2. Building integration — diéu khién va doc trang thai thang may
3. Mission orchestration — quy trinh vao/ra thang va chuyén map

Sau chuc nang cét 16i caa thang may

1. Transport — chuyén tang vat ly

2. Gateway — ndi hai khéng gian/map SLAM tach biét

3. Access — kiém soéat clra va thoi diém vao/ra

4. Signaling — cung cap trang thai ma SLAM khong suy ra dugc

5. Resource — tai nguyén dung chung can dat ché va xép hang

6. Safety envelope — vling van hanh cé rui ro cao, can interlock
Két luan

AMR multi-floor khong phai mét SLAM map khéng 16 3D, ma |3 nhiéu map 2D + d6 thi
két néi qua thang may + state machine diéu phéi thang + relocalization khi déi tang.

Thang may |a cau néi cé diéu kién gilta cdc map — robot SLAM diéu hudng trong ting tang, con thang ddm
nhiém chuyén tang + déng b trang thai + ki€ém soat cira; localization dugc tam ngung trong cabin
va khoéi phuc sau khi ra.
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