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ABSTRACT: This paper is an attempt to integrate computer vision techniques and micro aerial vehicle
guidance to design and optimize an automated mission performed by a light micro aerial vehicle such
that automating the mission becomes reasonably more efficient than performing it manually. A system is
provided for warehouse management using a micro aerial vehicle equipped with a front camera. Computer
vision algorithms make it possible for the micro aerial vehicle to locate packages, verify the presence
or absence of a specified package and list the entire warechouse inventory in a short time. An innovative
method is provided to detect shelves and their packages by the camera image, which enables the system
to instantly plan the shortest path for the micro aerial vehicle while performing a shelf inventory listing.
Then, following the planned path completes the mission faster than conventional guidance methods.
The guidance algorithm is designed such that the efficiency of automatic operations compared to human
operations is significantly increased. The system is first simulated and then implemented and the test
output data is provided. The tests indicate the success of the system in securing automated operations
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while decreasing mission time.
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1. INTRODUCTION

In recent years, there has been a remarkable increase
in research related to guiding and navigating Micro Aerial
Vehicles (MAVs) to provide indoor services. One of these
services is MAV-aided warehouse inventory. Reviews show
that the MAV systems not equipped with cameras cannot
perform such missions within indoor spaces. MAV-aided
inventory operations include two significant parts: package
identification and guidance. In some works, guidance is done
with the help of non-visual sensors (such as Ultra-Wide Band
(UWB) [1] or Inertial Measurement Unit (IMU) [2]). Mostly,
package identification is made using a front camera to detect
visual IDs ([3,4]). Some works are fully vision-based. The
MAV guidance is done using additional visible markers (such
as ground markers [5]) in these works. There is a lack of
guidance considerations such as path optimization to save
time or energy, like in Ref. [6].

This work aims to design and implement a warehouse
inventory MAV system, somehow more efficient than the
related works. The significant contributions of the present
system are as follows:

- The whole operation is based on a cheap MAV with
minimum primary requirements.

- Operations are entirely based on a single camera. There
is no reliance on other sensors.

- The empty shelf cells are detected so that the path is
optimized by passing through them.

*Corresponding author’s email: naghash@aut.ac.ir

2. METHODOLOGY

The problem warehouse contains several shelves lined
up sequentially parallel. Several boxes, each with an ID, are
randomly placed in different shelf cells. The purpose is to list
all box IDs and locations. It is necessary to place colored tags
at the intersection of the vertical and horizontal shelf bars.
Also, the minimum distance between the shelves must be
such that there is no need for the MAV to move to scan the
shelf.

The MAV takes off and is positioned at the optimal
viewpoint (the shortest distance where there is no need to
move to observe the entire shelf). After shelf inventory, it
follows the shortest path through the empty cells to get to the
optimal viewpoint in front of the next shelf. This continues
until the package list is completed. During the mission, the
computer vision algorithm provides the list and required
feedback for guidance.

2.1. Computer vision algorithm

The packages are identified by ArUco marker IDs from
the OpenCV computer vision library. The shelf identification
process is performed by filtering the image to visualize only the
objects with the color of cell intersection tags. Shelf detection
is challenging when the MAV (camera) is oriented somehow
relative to the shelf facade. In such cases, to distinguish the
two front and back shelves, tags with an area ratio of less
than a particular size concerning the largest tag in the image
are removed. We use a stair classification (Fig. 1-b) instead
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Fig. 1. (a) Normal classification and (b) Stair classification of a
rotated point grid
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Fig. 2. The visual feedback for altitude and heading control
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Fig. 3. y-direction velocity command in terms of the visually
measured heading angle

of normal classification (Fig. 1-a) to categorize the tags in
rows and columns. First, a fixed threshold for the maximum
allowed vertical distance between two co-row tags is found
(T in Fig. 1-b). Then, starting from one corner, the first co-
row tag is found for each tag, and it goes on like visualized in
Fig. 1-(b). The same goes for column categorization.

After a shelf inventory, the closest empty cell to the next
shelf’s optimal viewpoint is selected. The bounding rectangle
of four corner tags of this cell is tracked in the following
frames using the Median Flow tracker in the OpenCV. This
rectangular cross-section is where the MAV must cross.
By matching the location of the target cell’s corner tags in
the image with the actual points (knowing the target cell
dimensions), the position (transfer vector) and orientation
(rotation matrix) of the camera relative to the rectangular
cross-section is provided. Hence, the resulting 6 Degree of
Freedom (DOF) navigation data enables us to guide the MAV
to cross the shelf.

2.2. Guidance and control algorithm
In the beginning, the MAV is guided to the optimal view
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Fig. 4. A comparison between the path generated by the present
guidance algorithm and the conventional guidance algorithms

Table 1. Evaluation of the MAYV flight time and distance caused
by the present method optimal path and conventional methods

Path generation Average Average traveled
strategy elapsed time distance
Crossing shelves 240 sec 14 m
Crossing shelf tops 300 sec 22 m
Crossing shelf sides 360 sec 28 m

(wyz

(w)z

Fig. 5. The three-dimensional navigation data diagram in two
different flights through the target cell (red) of the shelf (black)

point by the appearance of the first fragment of the tags grid
(with a known number of tags, thus known dimensions).
The shelf data are recorded, and the MAV is guided to cross
the target cell using the navigation data. The path must be
perpendicular to the cross-section. In this way, in the last
phase (close distances, where the corner tags are out of the
camera field of view), the MAV is aligned with the cross-
sectional center of the cell. So it moves forward at a constant
speed with no other movement, and the flight is secured in
terms of collision with cell margins.

The vertical position and heading angle are controlled so
that the image centroid (4 in Fig. 2) coincides with the center
of the target box (B in Fig. 2). The lateral position must be
controlled to provide a collision-free crossing with a trajectory
perpendicular to the shelf. The lateral speed command is
generated according to the heading angle stated in visual
navigation data, with a bang-off-bang control strategy as seen
in Fig. 3. Three separate Proportional-Integral-Derivative
(PID) controllers are used for lateral and vertical speed and
heading angle control. The longitudinal direction speed is
constant.
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Fig. 6. The time response of the MAYV (a) vertical position (b) heading angle

3. RESULTS AND DISCUSSION
Tests have been performed in both simulation and reality
to evaluate the system performance.

3.1. Simulation

The system is simulated in the Gazebo - a 3D graphic
simulator — with a ready-made simulated version of the Parrot
AR Drone 2.0. The system’s performance in the simulation is
analyzed in a warehouse such as Fig. 4 and compared with
two common routes: passing through the top of the shelves
(red) and passing through the shelves’ sides (blue). The
simulation results are presented in Table 1.

3.2. Implementation

The system’s ability to pass the MAV through a sample
shelf was evaluated in practice. A symbolic shelf with known
dimensions and mission requirements as described in section
2 is prepared. The test MAV is a DJI Tello. The flight test is
initialized at 2.5 to 3.5 meters from the shelf on the ground.
Designed software runs on the computer and guides the
MAV via a Wi-Fi connection. Success in this experiment
means recording the correct information and crossing the
shelf without collision. The test is done several times, and the
reliability has been acceptable. Numerical data of the MAV
trajectory during two successful flights are provided in Fig. 5.
The listing of the hypothetical packages on the shelf has been
quite successful.

The system’s time response to vertical position and
heading angle control in a successful flight is presented in
Fig. 6. It can be seen that the system error tends to zero, and
the system is stabilized.

4. CONCLUSION
This paper presented a vision-based warehouse

inventory MAV system equipped with automatic navigation
and guidance. The test results illustrate the practical
success of the system. The MAV passes the shortest route
through the shelf with no detour, indicating the path
optimality. Regarding the cost, the MAV with which the
test was implemented is priced at $100. Additionally, the
whole algorithm works with the input received by a single
camera. Therefore, it can be said that the designed system
can meet the stated three initial goals regarding the quality
of mission execution.
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Fig. 3. An overall diagram of the warehouse MAYV system components
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Fig. 4. An interaction diagram of the warehouse MAV system hardware components
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Fig. 5. (a) A package identification marker (b) Identification and three-dimensional perception of the markers
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at each cell intersection
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Fig. 7. (a) The area of the smallest image tag in terms of distance between the camera and the shelf (b) Parameter of Eq.
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Fig. 9. Row and column classification of points using simple thresholding on the vertical and horizontal axis of the image
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Fig. 10. The steps of the stair classification of a rotated point grid
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Fig. 12. The effect of camera position change on the image of the rectangular screen in front of it
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Fig. 13. The geometry of MAV guidance to the optimal viewing point
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Fig. 14. Overview and the three steps of the MAYV path in front of the shelf
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Fig. 15. The guidance of the MAV altitude and heading relative to the bounding box containing the cross section
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Fig. 16. The present warehouse MAV path (SAT) compared to a conventional warehouse MAV path (SBT)
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Fig. 17. A schematic quadrotor geometry with body frame (B) and local frame (E)
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Fig. 18. The warehouse MAYV closed loop control diagram
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Table 1. Input and output of closed loop control diagram components

9> 62953 dr
(x,yz, y/))lo).; —_— \CAJ“L.\.Q
O, 0,2, ) oy (x,y,z, ) ,bon B ail oS S
e ez 51 St o Glagly co e (X, 9,2, y) Jop 3> oLl
(SLd ey sSoaBgn) (S5 > loyall adS &l ez 51 4 o gl ce Ty Sealiyo

! Guidance
2 Plant dynamics

w =k, tane, QD)

(2ol 93 52) (JyuS op Ky (ool alals f oY) alail, o

) bl JFaile 13, ST aslce 55,5 sl slas €
5 0k ekt Loy 5 55 &) S 30 (50,5 sy o il
e S 9 355 e 1y 008 J 7S basgs ) Sz oS iDL
alul) O )50 @ ot sl (lgie Sz @ by sl oS
RSk els (S 098 Sl 285 s, 0F)

tane, =e, %
v=kp e, vk, [ e,dt (\0)

Y sbesly yo (JyuS g6 -F-F-F
03l ;3 sgzga th ayls 1318 4 Y (LS e CuaBgs S (ol
slisly 5o ceyu VO] "S- Sy JuS sl b gl
o oV USE logel alie (mie LY dilhe o p Y
Bl D agly A8 S loged o 09 se agi ouiiS S
Cadte g o laiie o] cadle b gollas a5 ol (L58,5 4l o5l

Dgds oo 03l o..xj).&)'.i)a_;vy Coll sy o b

ool i -0

LSMLA)T S| P)y ‘o)f)b_:l o.\a).v)a) alolw GJ)IS wM ‘_;‘).1

0l ol el P g Z Yy X addie L 51 S o gl JS
(Vo) aaly aslen (ol So s Dygo a0 X glisl, o JaS

il e
¥ =3, ()

Z gk, o Jyus oels -Y-F-F

G9ydg, ahts LuSly alols a5 ol aas V0 Kb sy 4o
] (Ay,-m) JoSy o 2 590yl 5o Jobo S50 b g0
ol &S oS 8,8 ST 05 o 00ls 0aiiS S 4 jeteun (lsis
sl L (W) aal) Oyg0 4 s dal) gl LS, alols
Ao b olSiT sl gaman slad Z sliuly 5o (@) s
bl 5o (JpuS o9l SISk sl (Jp0S 0yl (2858
el dalg s 4 (V) adaly & g0 4, Z

Ayim:kez (\\)

e

z= kP,AyAyim + kl,Ay Io Ay, dt = kP,Aykeez + \Y)

iy [, kede =k, e +k, [ e.dr

Y S oels -Y-F-F
s Olgie 4 110 IS8 0 (XA) (a8l (sl alols S
ool (IS B olST o S0 Sl po Y 505 agly S

el dalg Caws 4 (V1) alaly & g0 4 (50,5 agl;

2 Bang-off-bang

ovaa

1 Proportional-Integral (PI)



OA+A 5 OYAD dxbo MY+ - JL‘: NY o)L,_.f; QY 0)93 5)35).:.4' LSJJKO (swdigeo 4\4).-5;

vy

vy (ms)
[=]

—Y%

i
o —YL ° Yo *

psi (degree)

292 e &3 G 00is yaS 311 (53,5 gl camn 1 Y (gLl 30 a8 s yloy IR S
Fig. 19. y-direction velocity command in terms of measured heading angle relative to the cross section
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Fig. 20. The simulated warehouse
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Fig. 21. A comparison between the path generated by the present guidance algorithm and the conventional guidance
algorithms
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Table 2. Evaluation of the MAV flight time and distance caused by the present method optimal path and conventional

methods
(50) ool b Cdluo (uSilee  (aili) o (g o (3o (pKilio o >3 (9
Ve Yf- (A 5| 150) gy
Y Y- loais VU 5l Jglaio yone
YA ve s iz 5l gl e

38 JelS cidge 1 el 5 e S5 LSl (605 )Ll Joe a5
Cialosl il oo oo >lib o jgele 4o Cudidee alie 4 S oyl
S0 Ay g 0dd Al polas slaul b 4nad G oS ol Ojg0 ol 4
S8 0T sladshe 5l can ,o batw canle sla,Slis poles
oals 1,8 ksii) YW T S N W é.}olm Jze 59, iloas eols
4.3153 0992 ugLD..A o~ L: )3L?u Uﬁ""“’ 9o 6LQJ5J.“A ua].c s 00
96 slrosls (Joko 1o gt g Jaw o)l il b el oyl
) oinlesl s 51 oles YV JSS 20 9] s a0 1) p3Y (5 pguas
S0 o oyl
60 &8 b adls Tolb Jae g5l edip gy cotalesl iy,
5 005 SzsS o3l g o5 (39 o ey cnl el TSl (2
(S o il el pleasle 3l Ll o sl (ol

1 Tello
2 DI

7 XA}

3 Gilwesly b ! ploul Gl as b b)) 5l slasgome

e losd Jsmma sl ds Cansl ALEIN 242 Hlad Caraily
B e sk 5 Oles Sl E9dge Gluand At L)
30 0D 0dgam e YV S ol Lol glad ST 0 enip g,
Rl o)l o L b3 o 1)yl ulae o oSl Az
ol b e K yuno VY S 0 a0 o0 lid Jolae
5 yol alble ulae @0 )oSI L (gload Job jo oninn,
il Jghite (sl 0,58l 4z S5yl 5 S s
Silo doe Baa 4 o egat ;0 Sy Gabgex ¥ e
@ Jgliie Colas sla by, dr S 0,5 L3l ok 5y &5 > s

SIS oo ales

‘_g)'Luo.bL‘:.; —Y—O
S JZb sledinn, jee jo albele SUlg IS cpl slp

Ol dz e bl sl suuoriw ‘5&..{[4)‘1‘5‘4 V USS laanad



OA+A 5 OYAD dxbo MY+ - JL» NY b)Lo.a.fZ' QY 0)9 ¢).~.¢S).~.a| A_iu&.o (eWARR 4;).-“)

Cialo T kB LYY S
Fig. 22. The flight test shelf
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Fig. 23. The flight test MAV
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Table 3. Geometric details of the flight test shelf
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Table 4. Geometric details of the flight test shelf

ylade adlao
A mm X 4Y/6 mm X ¥\ mm Sl
A8 £z
A m/s

o megapixel (Yoay pixel x Vav# pixel) 10,90 pgas cuaS

RYLYAWAN A

1.0 ]
’Né‘ 0.5 3
= 0.0
-0.5 0.5
—-1.0 .0
1.0 o)
e )
Yimy 15,4 25
(b) (&)
4=
S
i
2.0 =y
1.5
1.0 =
N o5 2
3 o0
—-0.5 0.5
-1.0 0.50
-1.5 ) '\
- &
2.
—0.5_1.0_1 . -2.5
Y(my =_2.0 -3.0
(d)

© @

iz 3l alosT slezr 39 9,5 5Ll oy 5 Sl 31 ol (55290 Saodls (gumaus loged Y JSi
Fig. 24. The three-dimensional navigation data diagram in four different flight tests
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Fig. 25. An instantly extracted sample list of packages on the shelf
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Fig. 26. The time response of the MAYV vertical position as a result of altitude control
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Fig. 27. The time response of the MAV heading angle as a result of z-axis angle control
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Fig. 28. The time response of the MAYV lateral position as a result of lateral position control and path verticalization
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Table 5. An estimated comparison of the time spent for an inventory of a warehouse with 5 shelves by the warehouse MAV
system and a human

3,5, oy 3y bwgd oulid o ylo

ol uwgi 00l yo ko)

‘5),;)&“—0@,1&:417}0

Y. sec \- sec anad ply o B 0o Cusdee jo 6,5 ,18
+/+Y sec 7. sec B B et gyl ojled g aas ololis
+/+Y sec 7. sec Sledlbl eus

Y- sec Q- sec GO 4udd U lodndd 0 oS >

\ min 0 min B S5 gly oadid o ey S

0 min V0 min audd B olass gl oasd o oy JS

ol el52] Eibgn 5| EolS o] gmlts i (g jlwosly ¢ 41|
Jol > e j0 0 s S0g colan axly g aibl, oles axly Jud 5l
anid Jlie o 509> s Sz @ odinn, G5 walie
Blo 05 595 4 5 g edinj; pyd al>ye 0025 (o0 plx]
S8 oo g0 45 S 00 5508 1 SS9 g (2 50lisS 5l 5 i
S5dee 5 s pgal s pob 5l (AL E8s 09d o0 Slilee 4 paisy
2 0N, GxS 8 pllie oS Cul (g 4 aliail> U8
S3b ool ()3l Sl eslatal b 5l adl> J5uS gee alaiio il
andd 215 5l oninn ) jeee g Wl oo iwd ) S s
;0B oo b ailol S g5 oo 1) 09 T L 0,95 5 e
S jgale sl2] Sk Jogas 50 45 8,50 ol sladilye (el
]
S stz 5 5 pas (05003)) Shol aadls 4w ) (isy o

b oanslio 0 able slags,sls oloe 4 aige saee 5 G5m 9

OA+0O

Soge & 9) ol 4 (el (2 B Jguz cinzer sln

sl nagi Ll 5 e 51 0508 0 (55 51 el
slrosls .ojls 0 )5 Lilons 5 ) Jawgs IS e plol b aslin (o
odp iy & barye Sloy slaosls g ioess plusl a4y bgpe Sl
B Joaz ilhe o cadsl! sl ol =l z s
by oaddye ploy O S8 alie glass L L Sl
4 olasl b anslin o oy JS' 6,5 el (6l 05, Lil 0si
5 0P b loj prdins ol 4y az g b b oo Rl pous S
€oopad o Lol Bas 4 albels a5 0l cow olgi oo aiy 3o

el saal 55 Ll IS &y G 8,5 Ll 00y, LS

S5 Az —F
L Xy 5, 4.1_,...“;5 L )Lf._’»l Lg).:f)lAT alol & las Q-.’.‘ 4o

30 S S pgal slrosls S g Sogs Ll Colaa oUlgs



OA+A 5 OYAD dxbo MY+ - Jl.u) NY b)lo..u.' QY 0)93 ‘)Mf).m‘ L_gu_rlSw L;“’*\-‘-@(" 4:)..“.3

ey oo 5 4 (55970 Alelu (5l 0 )5 o>

g ge ailebs 58 ke b e Gl Sliios s
ol TS lawgie g o5 lace o 10 pol> ailole ail solis
5 e ansly s Wil (oo o8 (alaosingn) 3550 )0 rizeen
385 9 boddl e Sl (Ses il s Cudgue
rgas 3 wshed 10 eSI L ogd 5 Vb anid 5l e al> e
CS o g ol aile b iils 35mg0 (g paa ool 45 ayl,
Glolw slocalilE uli8l 5l 0925 Codgame wibaiils 34>
shls Blwe b g cioles sla)l5 059> ;o yiin aie) (pl )0
G ol Gl el e Dlos g olal e Gslaie slaos S
Gt &> Joe b g opgal 5l S 600 o oS S
oS 5 e ool Gl ool b g gl oolo oy
g on Sleidy (ellS 1S g2 Lo S

eSS o3

ez R SR N 52 sS Eobae o AR
Ry )

K o los g blis acgams C,

)JJMMQJJW)S)AOAMSJMJO)J o
)45,@.: SlaiBe eim

enysd 1S alols A
Bl Jgor 5l jgbne o 53 s3gac alols h
Zgy X jeme Jo s jolias [x’Iy’Iz
SIS S oy el JiS 0y Kp K
RIS e (25585 Colas LT

O=09° csl5b Lgub)";“")li u**-’)-’L" A4in
M

8

9 B sl el )b e 5le

» &ly Slaise olliws jo ahts Slaise
2090

o OlaBus olSiws o ahads Olaise

=SHa VI

Slaizn ofiws 90l i > s ile

K oylas s bl acgas

=

>

aS S Wb s dasli g0 paas (0 0l lo alie bl
S el 485 g T b GialegT gjlwoolyy 45 loi i,
Al oadlice (piored ol 009 (i yiwd ;o slrodip oy o i3l
909,551 sl (my90 Lo 0l 8l o (99959 b o o5l S a5
lnL?;S‘ ol .$)|..\5 Sg>9 )iio stb)iuo » L;{lf;{l 4.355 &=
L 5 oialej] LS S 3,50 59 ar il (oL s a38,5
ayp oS alole S Baa b (Koo o )o8l )5 4z g oin )
ot LS g IS Gae ol olSzals b Ll o el o ploel
Olas I Job o a3 S sl latagn o5 wil (ol medes
o dtaspn ool HEALS g 5 lsline a5 Caul ool
ooly oBays 51 1 ailosgy 4l dswgs slo,qis [0 iy oLl
4 anngd Jl 50 sloysiS golasdl glad jo UGl e (55l
A4 it Gl o ol S (sl (551500 w0gd 4ty S5 ]
b Aty s dilolis 0 aS il (pgus das L o)L yo Lol o, o0
Sl ool egdle ol g, ol aaS asil G 04 e
leol lgs oo w09 48,5 S5 50 003 Slgn sl (HB S &S
Sloy LU 1 o980 ns Job (199240005 4 4295 b o5 0903
M‘Jw‘uim)bdeleﬂu‘w‘Wﬁ
2 503 B 3,55 5 s o s il plir Al s Sl
Jolsie s o Slo e b dnlie ;0 0k o) Sae o ol (s,

Asles ol

drwgi i) -V
oBaue 0,8 ,Lil oy, albele azwg slodice) 5,50 0
b ,SSLas 5l ooliin] b boai plolbid Jloo jobo @ «(s5luis o5
S92 g0 (srdiug (gole Tl jo o Hlas 4y Jglace d el S
Sly o¥ls> R goas b (B> lose, b SN 5 o)Ll o
shls ol ally pla Glapm,sSl wish o plolis (L]
wlie jsb 4 bt p Ojp0 @ Gl lolid Gl BB oUlE
S5 (b ailolis 4y ISl ol (o938l ol iy il o il el
oz p Ol @il ololid 3)50 ;3 oy oe 5 4 o3l
5 b Sl (o (piin (oS L eSS, 90 S S Do a )
S979 Sype )3 45 Sglios zge 5 cpl (285 Sl s ol

3 2l 0590 0585 axlge PLSIL bbanad SLull (S5 o sLS

oA+



BA-A B OYAD dxxio V¥ -+ Jlo Y o)l @Y 0,93 ¢S yuel SilSo swiigen s

for Rectangle Detection Using Corners, in: Proceedings
of the International Conference on Video and Image
Processing, 2017, pp. 15-19.

[4] E.-S. Yang, G.-W. Kim, Robust quadrilateral detection
method for using rectangle feature, in: 2017 14th
International Conference on Ubiquitous Robots and
Ambient Intelligence (URAI), IEEE, 2017, pp. 349-351.

[5] Z. Zhang, A. Ganesh, X. Liang, Y. Ma, TILT: Transform
invariant low-rank textures, International journal of
computer vision, 99(1) (2012) 1-24.

[6] Y. Bi, M. Lan, J. Li, S. Lai, BM. Chen, A lightweight
autonomous MAV for indoor search and rescue, Asian
Journal of Control, 21(4) (2019) 1732-1744.

[7] M. Blosch, S. Weiss, D. Scaramuzza, R. Siegwart, Vision
based MAV navigation in unknown and unstructured
environments, in: 2010 IEEE International Conference on
Robotics and Automation, [EEE, 2010, pp. 21-28.

[8] K. Schmid, T. Tomic, E Ruess, H. Hirschmiiller, M. Suppa,
Stereo vision based indoor/outdoor navigation for flying
robots, in: 2013 IEEE/RS] International Conference on
Intelligent Robots and Systems, IEEE, 2013, pp. 3955-
3962.

[9] J. Marzat, . Moras, A. Plyer, A. Eudes, P. Morin, Vision-
based localization, mapping and control for autonomous
MAYV: EuRoC challenge results, in, 2015.

[10] C. Bills, J. Chen, A. Saxena, Autonomous MAYV flight in
indoor environments using single image perspective cues,
in: 2011 IEEE International Conference on Robotics and
Automation, IEEE, 2011, pp. 5776-5783.

[11] S. Zingg, D. Scaramuzza, S. Weiss, R. Siegwart, MAV
navigation through indoor corridors using optical flow,
in: 2010 IEEE International Conference on Robotics and
Automation, IEEE, 2010, pp. 3361-3368.

[12] S.L. Smith, M. Schwager, D. Rus, Persistent robotic tasks:
Monitoring and sweeping in changing environments,
IEEE Transactions on Robotics, 28(2) (2011) 410-426.

[13] N. Mathew, S.L. Smith, S.L. Waslander, Planning
paths for package delivery in heterogeneous multirobot
teams, IEEE Transactions on Automation Science and

Engineering, 12(4) (2015) 1298-1308.

oOA-Y

oliw;ayut&y?éwl)&)lof -

Slaisw r
olKiws 90 e Lid > o slradlge P
Zyy X b, g, olaze VY7
RFE ) ey (255 Sl ST
ol !
Slaize olfws g0 oo Jl s slo T
oyl Gl Gox U

G259 G oz S el S UL UL, U

o Bow abali by poal 50 Sy alols
ryal Slatze Y 9 X b,

Ogmw o2 L}, )Ja-“’ R bl alols o xlim’ AylimA

Axim’ Ay im

Sl e
Slaizn olSiws g0 Gl id 2 4gl) o3l o
Gz 4l Je>
Joaz e ausly X jeme Jo> Gromn 4, 0
Ll
S5 sl bl Jga ()90 asgly Sl 0
lah ganatos ) ‘
Y o9 Jo> A5 sl ¢
Z yyoe Jo> G995 gl
Obod addsi sl (30,5 ausl; o3l asees W
. . . L
e S3losdg0s iz Y sliwl) )o ey
Slabads gamdn (2SEl Jas e Sl 11
&=y

[1] R.E Chapman, H.D. Mathias, Computer Vision Based
Object Detection and Tracking in Micro Aerial Vehicles,
Papers & Publications: Interdisciplinary Journal of
Undergraduate Research, 5(1) (2016) 7.

[2] M. Neto, G. Eduardo, E. Silva, W. Caarls, Computer
Vision Based Solutions for MAV Target Detection and
Flight Control, in: 10th International Micro-Air Vehicles
Conference, Melbourne, Australia, 2018.

[3] S. Wu, L. Gou, H. Xiong, X. Li, A Graph-based Approach



OA+A 5 OYAD dxbo MY+ - Jl.u) NY b)lo..u.' HY 0)93 ‘)Mf).m‘ L_gu_rlSw L;“’*\-‘-@(" 4:)..“.3

powered wireless backbone for drone-based inventory
management, Sensors, 19(3) (2019) 467.

[20] D. Saha, G.S.B. Udayagiri, P. Agarwal, B. Ghosh, S.
Kumar, Warehouse Management Using Real-Time QR-
Code and Text Detection.

[21] 1. Kalinov, A. Petrovsky, Cnn barcode detection-based
uav trajectory optimization for autonomous warehouse
stocktaking, IEEE Robotics and Automation Letters, 5(4)
(2020) 6647-6653.

[22] M. Maurer, J. Pestana, Towards an autonomous vision-
based inventory drone, in: 2018 IEEE/RS] International
Conference on Intelligent Robots and Systems, 2018.

[23] D. Cristiani, E Bottonelli, Inventory Management through
Mini-Drones: Architecture and P-o-C Implementation,
in: 2020 IEEE 21st International Symposium on” A World
of Wireless Networks”, IEEE, 2020, pp. 317-322.

[24] T. Bresciani, Modelling, identification and control of a
quadrotor helicopter, MSc Theses, (2008).

[25] E. Donald, KIRK,“Optimal Control Theory”, AN
INTRODUCTION, (1970).

[14] M. Popp, S. Prophet, G. Scholz, G. Trommer, A novel
guidance and navigation system for MAVs capable
of autonomous collision-free entering of buildings,
Gyroscopy and Navigation, 6(3) (2015) 157-165.

[15] W.G. Aguilar, V.P. Casaliglla, J.L. Polit, Obstacle
avoidance based-visual navigation for micro aerial
vehicles, Electronics, 6(1) (2017) 10.

[16] A. De Falco, F. Narducci, An UAV autonomous warehouse
inventorying by deep learning, in:  International
Conference on Image Analysis and Processing, Springer,
2019, pp. 443-453.

[17] E Guérin, F Guinand, Towards an autonomous
warehouse inventory scheme, in: 2016 IEEE Symposium
Series on Computational Intelligence (SSCI), IEEE, 2016,
pp- 1-8.

[18] T.M. Ferndndez-Caramés, O. Blanco-Novoa, A UAV and
blockchain-based system for inventory and traceability
applications in big data-driven supply chain management,
Sensors, 19(10) (2019) 2394.

[19] N. Macoir, J. Bauwens, Uwb localization with battery-

53(12) (2022) 5785-5808.
DOI: 10.22060/mej.2021.19428.7022

H. Fahimi, A. Naghash, A Fast Warehouse Inventory Micro Aerial Vehicle System
Equipped with Visual Guidance and Navigation Algorithm, Amirkabir J. Mech Eng.,

e gl Ao o & digSy

OA+A



