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�UWLF�H�KL�WRU�

5HFHLYHG�����-DQXDU������

5HYL�HG�����-DQXDU������

�FFHSWHG�����SULO�����

3XEOL�KHG�2QOLQH������SULO������

,Q�RUGHU� WR�FRSH�ZLWK� WKH�GL�D�WHU��FDX�HG�E�� WKH�ZRU�W�KXUULFDQH� LQ�
3XHUWR�5LFR� LQ������� LW� L��QHFH��DU��WR�EXLOG�DQ�HPHUJHQF�����WHP�WR�

UHGXFH�WKH�OR��H����Q�HPHUJHQF�����WHP��KRXOG�LQFOXGH�WKH�ORFDWLRQ�RI�

,62��WDQGDUG�GU��FDUJR�FRQWDLQHU��DQG� WKH�GL�WULEXWLRQ�RI�HPHUJHQF��

PHGLFDO�SDFNDJH���7KL��SDSHU�GL�FX��H�� WKH�GL�WULEXWLRQ�RI�HPHUJHQF��

PHGLFDO�SDFNDJH��%D�HG�RQ� WKH�DERYH� ORFDWLRQ�UH�XOW��RI�,62��WDQGDUG�

GU��FDUJR�FRQWDLQHU�� WDNLQJ� WKH�GHPDQG�RI�GL�D�WHU�DUHD��QRW�H[FHHG�

LW�� �XSSO�� LQWR�FRQ�LGHUDWLRQ�DQG�FRQ�LGHULQJ� WKH�WLPHOLQH���DQG�ZHDN�

HFRQRP���D�PXOWL�REMHFWLYH�PL[HG� LQWHJHU�SURJUDPPLQJ�PRGHO� L��FRQ�

�WUXFWHG�RQ� WKH�SUHPL�H�RI�PLQLPXP� WUDQ�SRUWDWLRQ� WLPH�DQG�FR�W�� ,W�

is�determined�that� the�drone��eet�consists�of� four�B,�one�C�and�one�F�

GURQH���7KURXJK�WKH�RSWLPL]DWLRQ�PRGHO�� WKH�GL�WULEXWLRQ�SODQ�RI�HPHU�

JHQF��PHGLFDO�SDFNDJH��L��IRUPXODWHG�

.H�ZRUG��

(PHUJHQF��UH�SRQ�H����WHP

0XOWL�REMHFWLYH�PL[HG�LQWHJHU�SURJUDPPLQJ

Drone��eet�

��RUUH�SR�GL�J��XWKRU�

6KL�KR�J�0D�

�RUUH�SR�GL�J�DGGUH����D�W��L�WULFW�RI�1RUWK��KL�D�8�LYHU�LW��RI�7HFK�R�RJ��1R������RKDL��YH�XH��7D�J�KD���D���FR�RJLFD���LW���

�DRIHLGLD���L�WULFW��7D�J�KD���LW����HEHL�3URYL�FH���KL�D�

��PDL��������������TT�FRP�

���(PHUJHQF��0HGLFDO�3DFNDJH��OORFDWLRQ�

0RGHO

,
I�D� GL�D�WHU�DUHD� L�� �XSSRUWHG�E��PXOWLSOH� UH�HUYH�

SRLQW���LW�L��D��XPHG�WKDW�PXOWLSOH�UH�HUYH�SRLQW���XS�

SRUW�WKH�GL�D�WHU�DUHD�RQ�DYHUDJH��7KH�GHPDQG�RI�WKH�

GL�D�WHU�DUHD�L��GL�WULEXWHG�WR�WKH�UH�HUYH�SRLQW�RQ�DYHUDJH��

DQG�WKH�IRUPXOD�L��D��IROORZ���
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HG�E��WKH� L�WK�UH�HUYH�SRLQW�DQG�E
M
�UHSUH�HQW��WKH�WRWDO�GH�

PDQG�RI�WKH�M�WK�GL�D�WHU�DUHD��7KH�IRUPXOD�IRU�FDOFXODWLQJ�

WKH�GHPDQG�RI�UH�HUYH�SRLQW�L�� 3 DL LM= ∑
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��ZKHUH�S�L�� WKH�

GHPDQG�RI�WKH�L�WK��UH�HUYH�SRLQW�

,Q�RUGHU� WR��LPSOLI�� WKH�PRGHO�� FRQ�LGHULQJ� WKDW� WKH�

GL�WULEXWLRQ�RI�HPHUJHQF��PHGLFDO�SDFNDJH��L��D�G�QDPLF�

SURFH����K�SRWKHWLFDO�FRQGLWLRQ��DUH�SURSR�HG�

����7UDQ�SRUWDWLRQ�WLPH�DQG�FR�W�DUH�FDOFXODWHG�DFFX�

UDWHO���7KHUH�DUH�QR�DFFLGHQW��RQ�WKH�ZD���DQG�WKH�FR�W�L��

RQO��UHODWHG�WR�WKH�OHQJWK�RI�WUDQ�SRUWDWLRQ�



��

��������������������������������������������VV������������������

��V������������������D�����������V������V����� '2,��KWWS����GRL�RUJ����������PHW�Y�L������

����7KH�GHPDQG�RI�WKH�UH�HUYH�SRLQW�FDQ�EH��XSSOLHG�LQ�

the��rst�time�without�additional�production�and�supply.

�FFRUGLQJ�WR�WKH�DERYH�DQDO��L��DQG�JLYHQ�SDUDPHWHU���

LQ�WKH�SURFH���RI�HPHUJHQF��UH�FXH��GXH�WR�WKH�WLPHOLQH���

DQG�ZHDN�HFRQRP���WKH�WLPH�DQG�FR�W�RI�UH�FXH�DUH�PLQL�

PL]HG�ZLWKLQ�WKH�SUH�FULEHG�UH�FXH�WLPH���FFRUGLQJ�WR�WKH�

DERYH�DQDO��L���WKH�FRQ�WUDLQW��RI�WKH�PRGHO�DUH� �XPPD�

UL]HG�D��IROORZ��

����7KH�WRWDO�QXPEHU�RI�HPHUJHQF��PHGLFDO�SDFNDJH��

GL�SDWFKHG�IURP�HDFK�UH�HUYH�SRLQW�GRH��QRW�H[FHHG�LW��UH�

�HUYH�

����7KH�WRWDO�QXPEHU�RI�HPHUJHQF��PHGLFDO�SDFNDJH��

DFFHSWHG�E��D�UH�HUYH�SRLQW�L��HTXDO�WR�LW��GHPDQG�

����7KH�WLPH�RI�GL�SDWFKLQJ�HPHUJHQF��PHGLFDO�SDFN�

DJH��WR�HDFK�UH�HUYH�SRLQW�GRH��QRW�H[FHHG�WKH�SUH�FULEHG�

UH�FXH�WLPH�

%D�HG�RQ�WKH�DERYH�D��XPSWLRQ��DQG�DQDO��L��� WKH�IRO�

ORZLQJ�PRGHO��DUH�H�WDEOL�KHG�
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�PRQJ�WKHP��P�UHIHU��WR�WKH�QXPEHU�RI�UH�HUYH�SRLQW��

PDUNHG�D���
�
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�
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P
�
LM
��ZKHQ�HPHUJHQF��PHGLFDO�

SDFNDJH��DUH�GHOLYHUHG� IURP�UH�HUYH�SRLQW��
L
� WR� UH�HUYH�

�LWH���
L
���

LM
 ����RWKHUZL�H��

LM
 ��

���7KH�6ROXWLRQ�RI��URQH�)OHHW�DQG�(PHUJHQ�

F��0HGLFDO�3DFNDJHV��LVWULEXWLRQ�0RGHO

Firstly,�the��ight�speed�and�duration�of�drone�are�taken�as�

WKH�LQGH[�WR�HYDOXDWH�LW��SHUIRUPDQFH��7KH�SHUIRUPDQFH�RI�

GURQH�L��UDQNHG�D��%��)�����*��'��(����DQG����'XH�WR�WKH�

OLPLWHG� ORDG�FDSDFLW��DQG�ZDUHKRX�H�FDSDFLW��RI�GURQH��

ZH�FDQ�JHW�KRZ�PDQ��PHGLFDO�SDFNDJH��HDFK�GURQH�FDQ�

FDUU�

7DEOH����4XDQWLWDWLYH�DQDO��L��WDEOH�RI�PHGLFDO�SDFNDJH�

FDUU�LQJ�FDSDFLW��RI�GURQH

'URQH���W�SH � % � ' ( ) * �

0('� � � � � � � � 1

0('� � � � � � � � 1

0('� � � � � � � � 1

7KHQ� WKH�SUREOHP�RI�HPHUJHQF��PHGLFDO�SDFNDJH�DO�

ORFDWLRQ�L���ROYHG��:KHQ��ROYLQJ�WKH�SUREOHP�RI�PHGLFDO�

SDFNDJH�DOORFDWLRQ�� LW� L��D��XPHG� WKDW� WKH�WUDQ�SRUWDWLRQ�

FR�W�L��RQO��SURSRUWLRQDO� WR�WKH�GL�WDQFH�EHWZHHQ�URXWH���

Therefore,�the�model�is�simpli�ed�to
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7KURXJK�FDOFXODWLRQ��WKH�QXPEHU�RI�HPHUJHQF��PHGLFDO�

SDFNDJH��WUDQ�SRUWHG�WR�KR�SLWDO��L��D��IROORZ���7KH�GDLO��

QHHG��RI�KR�SLWDO��LQ�GL�D�WHU�DUHD��IRU�YDULRX��W�SH��RI�PHG�

LFDO�SDFNDJH��DUH���0('��PHGLFDO�SDFNDJH�����0('��PHG�

LFDO�SDFNDJH��DQG���0('��PHGLFDO�SDFNDJH���%��DQDO�]LQJ�

WKH�UHODWLYH�GL�WDQFH�DQG�WKH�FDUU�LQJ�FDSDFLW��RI�GURQH�� WKH�

RSWLPDO�GURQH�IOHHW�FRPSR�LWLRQ��7DEOH����DQG�,62�FDUJR�

container�packaging�con�guration�(Table�4)�are�obtained.

7DEOH����Optimal��eet�composition�table�for�drones

7�SH��DQG�TXDQWLWLH��

RI�PHGLFDO�SDFNDJH�

7�SH��DQG�4XDQWLWLH��RI�

Unmanned�Aerial�Vehicles

�RPSR�LWLRQ�RI�

drone��eet

0('������
7ZR�%�W�SH�DQG���W�SH�DUH�

UHTXLUHG�UH�SHFWLYHO�� ��%�W�SH�

����W�SH�

��)�W�SH�GURQH

0('������ 5HTXLUH�D�%�7�SH�GURQH

0('������
1HHG���%�W�SH

�QG�)�W�SH�GURQH

7DEOH����ISO�Container�Packaging�Con�guration�Table

,62� ,62� ,62�

0('� � � �

0('� � � �

0('� � � �
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7KH�GURQH� IOLJKW�SODQ��FFRUGLQJ�WR� WKH�DQDO��L��DQG�

�ROXWLRQ�RI���DQG�%��ZH�PDNH�WKH�GHOLYHU��URXWH�RI�GURQH��

D���KRZQ�LQ�)LJXUH���

)LJXUH����0HGLFDO�SDFNDJH��GHOLYHU��URXWH�RI�GURQH�

*HQHUDOO��� WKHUH� L��RQO��RQH�URXWH� WR� WKH�GH�LJQDWHG�

PHGLFDO��LWH���WKDW�L���5RXWH���L��IURP�FRQWDLQHU���WR��DULE�

EHDQ�0HGLFDO��HQWHU��5RXWH���L��IURP�FRQWDLQHU���WR��R��

SLWDO��,0���URXWH���L��IURP�FRQWDLQHU���WR��R�SLWDO�3DYLD�

6DQWXUFH��5RXWH���L��IURP�FRQWDLQHU���WR�3XHUWR�5LFR��KLO�

GUHQ����R�SLWDO��5RXWH���L��IURP�FRQWDLQHU���WR��R�SLWDO�

3DYLD��UHFLER�

�RQ�LGHULQJ�WKH�RFFXUUHQFH�RI�DFFLGHQW���ZH��HW�XS�WZR�

PRUH�URXWH���ZKLFK�L��IURP�FRQWDLQHU���WR��R�SLWDO��,0��

DQG�3HXHUWR�5LFR��KLOGUHQ����R�SLWDO��8�XDOO��� WKH�H�WZR�

URXWH��DUH�X�HG�E��GURQH��WR�GHWHFW�URDG�� �HSDUDWHO���EXW�

WKH��FDQ�EH� WHPSRUDULO��X�HG�D�� WUDQ�SRUWDWLRQ� URXWH��

ZKHQ�QHFH��DU��

�IWHU� WKH�DQDO��L��DQG��ROXWLRQ�RI�SUREOHP����DQG�%��

LQ�RUGHU�WR�HQ�XUH� WKDW�PHGLFDO�SDFNDJH��FDQ�EH�GHOLY�

ered��rst�every�day�and�the�speci�c�road�conditions�can�

EH�NQRZQ�ZLWKLQ�RQH�GD��� WKH�IROORZLQJ�GURQH�GHOLYHU��

�FKHGXOH�L��URXJKO��PDGH

7DEOH����The�delivery�schedule�of�drone��eet

URXWH GURQH�W�SH GHOLYHU��WLPH UHWXUQ�WLPH
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� %
�
+F ����DP�����DP ����DP�����DP

� � ����DP�����DP ����DP�����DP

��KLJKZD��LQYH��

WLJDWLRQ�
%

�

����DP��

������SP��

������SP��

:KHUH��GURQH�%
�
��GURQH�%

�
��GURQH�%

�
��DQG�GURQH�)�DUH�

GHOLYHU��GURQH��DQG�GURQH�%
�
�DUH�UHFRQQDL��DQFH�GURQH��

7KURXJK� WKH�DERYH�DQDO��L���RXU� WHDP���SDFNLQJ�DU�

UDQJHPHQW��IRU�GURQH��DUH�D��IROORZ��

7DEOH����3DFNDJLQJ�DUUDQJHPHQW�RI�GURQH

%
�

%
�

%
�

) � %
�

0('� � � � � � �

0('� � � � � � �

0('� � � � � � �

'HOLYHU��GURQH�� WUDQ�SRUW�PHGLFDO�SDFNDJH�� IURP�

UH�HUYH� �LWH��WR� WKH�GHPDQG��LWH�� WKURXJK��WULFW�URXWH���

�W� WKH��DPH� WLPH��HDFK�JURXS�RI�GURQH��WUDQ�SRUW�YLGHR�

con�guration,�can�carry�out�video�recording� in�the�pro�

FH���RI�FDUJR�WUDQ�SRUW��SURYLGH�WKH�FRPSDQ��ZLWK�YLGHR�

ED�L���FRPELQHG�ZLWK�LQGHSHQGHQW��XUYH��RI�GURQH�YLGHR��

�R� WKDW� WKH�FRPSDQ��NQRZ�� WKH�GDPDJH�RU�X�DELOLW��RI�

URDG���DQG�WKHQ�RQ�ODQG��5RXWH�SODQQLQJ�WR�DFKLHYH�ODQG�

UH�FXH�

6WDUWLQJ� IURP� WKH� OD�W� FRQWDLQHU�� WKH�UHFRQQDL��DQFH�

GURQH�� UHFRQQRLWUH�WKH�URDG��QHDU� ILYH�GHPDQG��LWH��DQG�

YLGHRWDSH�WKHP�WR�SURYLGH�WLPHO��IHHGEDFN�RQ�URDG�LQIRU�

PDWLRQ�GDPDJH�RU�X�DELOLW����R�D��WR�IDFLOLWDWH��(/3��,QF��

WR�XQGHU�WDQG�WKH�URDG�GDPDJH��LWXDWLRQ��DQG� WR�SURYLGH�

ODQG�UH�FXH� WR�WKH�DIIHFWHG�DUHD���SODQ�UH�FXH� WLPH��GL��

SDWFK�UH�FXH�SHU�RQQHO�DQG��HQG��XSSRUW�HTXLSPHQW��7KH�

other�drones�of�types�B,�except�for�the��rst�delivery�time,�

UHFRQQRLWUH�WKH�URDG��DURXQG�WKH�KR�SLWDO�LQ�WKH��DPH�WLPH�

D��%
�
��DQG�UHSRUW�WKH�GDPDJH�RU�X�DELOLW��RI� WKH�URDG��LQ�

WLPH��6LQFH� WKH�GL�D�WHU� L���X�WDLQHG��ZH�SODQ�WR�FRQGXFW�

URDG�UHFRQQDL��DQFH�WKUHH�WLPH��RQH�GD��WR�DYRLG��XGGHQ�

URDG�GDPDJH��ZKLFK�SUHYHQW�ODQG��XSSRUW�IURP�UHDFKLQJ�

LQ�WLPH�

The�speci�c��ight�plan� is�shown�in� the�following��g�

XUH�

)LJXUH����The��ight�road�map�of�drone�Fleet

5HIHUHQFH

>���.KDQ�-�8��4XUH�KL�%����=XEDLU�6�0����FRPSUHKHQ�

�LYH�GH�LJQ�DQG�SHUIRUPDQFH� HYDOXDWLRQ� �WXG��RI�

FRXQWHU� IORZ�ZHW�FRROLQJ� WRZHU�>-��� ,QWHUQDWLRQDO�

-RXUQDO�RI�5HIULJHUDWLRQ�����������������������

>���(�SDGD�� -��0ROLQD����*XLOOHUPR�-LPpQH]��HW� DO����

'2,��KWWS����GRL�RUJ����������PHW�Y�L������



��

��������������������������������������������VV������������������

��V������������������D�����������V������V�����

WHQDQW�ED�HG� UH�RXUFH�DOORFDWLRQ�PRGHO� IRU��FDOLQJ�

6RIWZDUH�D��D�6HUYLFH�DSSOLFDWLRQ��RYHU��ORXG�FRP�

SXWLQJ�LQIUD�WUXFWXUH�>-���)XWXUH�*HQHUDWLRQ��RPSXW�

HU�6��WHP���������������

>���%HQ�(OLD�(��6KLIWDQ�<��:KLFK�URDG�GR�,�WDNH"���OHDUQ�

LQJ�ED�HG�PRGHO�RI� URXWH�FKRLFH�EHKDYLRU�ZLWK�UH�

DO�WLPH�LQIRUPDWLRQ>-���7UDQ�SRUWDWLRQ�5H�HDUFK�3DUW�

���3ROLF��DQG�3UDFWLFH���������������������

>���6KLP�'�����KXQJ����.LP���-��HW� DO���XWRQRPRX��

([SORUDWLRQ� ,Q�8QNQRZQ�8UEDQ�(QYLURQPHQW��)RU�

Unmanned�Aerial�Vehicles[J].�IEEE�Robotics�&�Au�

WRPDWLRQ�0DJD]LQH��������������

>����HQULHW� )�� 6WpSKDQH��DOOHJDWWH�� 7DERXULHU� /��

)LUP�QHWZRUN�FKDUDFWHUL�WLF��DQG�HFRQRPLF�UREX�W�

QH���WR"QDWXUDO�GL�D�WHU�>-���-RXUQDO�RI�(FRQRPLF�'��

QDPLF��DQG��RQWURO�����������������������

'2,��KWWS����GRL�RUJ����������PHW�Y�L������


