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Abstract

The purpose of this paper is to study the UAV cannot fly to the target is directly above the delivery,
but should be properly put in advance to hit the target, due to inertia, resistance and other effects,
will do flat throwing motion, so it should be properly put in advance to hit the target. We analyzed
the relationship between UAV delivery distance and flight speed, flight height, air resistance and
other factors, as well as the impact of diving angle, flight speed and launch speed equivalent fac-
tors on the hit accuracy of the UAV when launching explosives, and brought the optimal strategy
into the data calculation through mathematical modeling. We set up a mathematical model to de-
scribe the relationship between UAV delivery distance and UAV flying height, flying speed, air re-
sistance, etc. The explicit assumption that the drone is flying parallel to the horizontal plane
means that we can break down the drone’s motion into horizontal and vertical motions. The mo-
tion and force analysis were carried out. Then the physical model is determined: consider the
flight path of the drone before launching the explosive, which can be regarded as a projectile mo-
tion. According to Newton’s second law and the definition of gravitational acceleration, the equa-
tions of projectile motion can be listed. Determine the objective function and constraints: The ob-
jective function can be set to the square of the difference between the launch distance of the drone
and the straight-line distance of the target. Finally, it is necessary to establish a relationship model
between stability and hit accuracy, and to give the optimal flight attitude adjustment strategy of
UAV under certain conditions. The relationship model between the stability and the hit accuracy is
established. The flight stability of UAV can be described by the attitude angle of UAV. During the
flight of UAV, the attitude angle changes constantly, so it is necessary to consider the impact of the
change of attitude angle on the hit accuracy of UAV.
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IR 3:

1) 75 WATHERE . RO — @ T, SZEFEBEMER, #rHeasinl, S AN Urnt
EVE, S AR S A PR FE RO R, A HUE 7 3055 77 VR0 T AL AR E PEEAT 43 BT SR iE «
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Figure 1. Force diagram of UAV and materials in coordinate system
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Figure 2. Force diagram on a plane
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h(t)=h, +v,sinsin m-%gt2 —%E AC,v,’t?
m
L, (t) =vcoscosét _ip AC,vt?
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i, h AT AR S, Lo Ly AT AU IKTALRS s Farag A2 BHTT, g FE ATIIETE,
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5.1.2. EERAE
1) EANRZEPRE: BRI ANRIOLE . B EERIEEE, 728 i
2) PO HIRL EAIIY : B8R AL B S T AN AT P, b 2 oM e AHL I e BRI L
3) AT KGHEAT RS e AMLR) AT P AR KoM, 7 B S A A
4) JMbDIER: W ANLE B a2 R 6] 5 DN B th e s S L2 A BLIORS & 7 A= F
BTV ERER, JATHT VR A2 R, il 0y AT, A AN RS .
LA PR S R B AN 3 T AR LA 1 il R AT e A
AR :

% & TS

h=300;% KiTRE

v =300/3.6; % WATIHSE, ¥ km/h A mis
rho = 1.225; % 255 % i

A =pi*0.2/2; % BTN
C=05;% [H/1 5%

m=50; % R E
g=9.8; % I JIINEEE
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d = linspace(0, 2000, 100); % J& AMLIJHUE 2536

% LAY

D = @(v,w) 0.5*rho*v"2*A*C + m*g*sin(w);
T = @(w) m*g*cos(w);

R = @(v,w) sqrt(h."2+d."2-2.*h.*d.*cos(w));
F = @(v,w) D(v,w)-T(w);

% TSI RS

G=@(v,w) v0./2/g * math.sin(0*2*math.pi/360) + vw*v0/g * math.cos(0*2*math.pi/360)
M=@(v,w) v0."2/g * math.sin(180*2*math.pi/360) + vw*v0/g * math.cos(180*2*math.pi/360)
V =@(v,w) v0.”2/g * math.sin(90*2*math.pi/360) + vw*v0/g * math.cos(90*2*math.pi/360)

% TR
w0 = pi/4; % FILEFEMME, FNEEHI
w = zeros(size(d)); % f7fi i
for i = 1:length(d)
w(i) = fzero(@(x) F(v,x), w0); % RfF 11115 F2

end

% ZHIEE

plot(d, R(v,w), -); % F80E B 15 0 AR B0 B8 1) 0% AR th 28
xlabel(To AWLFLHE RS dim');

ylabel (HFE ) RIm?Y);

forintf( JC AN KAT 77 171 5 KA AH [F S %.2F m\n', G);

forintf( JE AL KAT 77 71 5 KA AH B %.2F m\n', M);

fprintf( JTE AL KAT )7 1A 5 W m] 18 BN %.2f m\n', V);

TN AT T )5 K R AR R 153.12
TN AT T7 1) 5 KR AH S isf . —153.13
TN AT A 5 A A FEE R 918.34
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5.2.1. E—aEEET
R B AN ILE 2 B H AR /K BE B8 dO, EAML KATRE N h, RATIEEE R v, i
FEN o, RFEFE S u, BERIEVIRIEAR A v, BIEVIRI S m.
MRAE A= g — e, A LLF .
d?y

1 2
mF= mg —EpCd /A\Vy
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FEACETT I b, R AE — e, A LU TR
x__1 2
a -~ 2PN
o, x NTANLEN B FRIAKTEER, vy RTCANUAEIK ST 1 (158 B
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V,y =U—VCOSa
Hodr, v ABIEVIRIAG RS, u R STERE, o IR AE.
R4 2R S e i, TS RICL T
d?r
m—=
dt?
Horep, r NBEM S BN Z RS, FABREVTZIE4 1, aJLLERAN:

F= _%pcd AVrel2

F

it BIRBEATIRE, WTCLENHCAR, AT AU SR ST AN AT RIBE. AT A
AL KRR R R 2 A oG R e BAORYL, AT DB BE 75 V5 SR 2, 51 sk FH B 75 2 B
Tkt - PERR[6]7 VAR

5.2.2. SBajiRER R

function [dist, h, alpha, v_launch] = optimize_target_distance_1()
end

% TANSH

h0 =800; % ¥I#HmEZ, HAi: m

v0 =300; % WILHEE, HA7: mis

v_wind=6; % XU#, Hfi: m/s

% BIEMSH

r=0.08; % BIEVAE, BA: m

m=5; % BIEVpiE, i kg

v_launchO = 600*1000/3600; % JB&XEWIARNT#E, #Ar: mis
% HiRiE B4k

d_min =1000; % f&/NHARIEE, #f7: m

d_max = 3000; % K HFRER, #A0: m

% LA KA

h_min = 300; % /N ¥ATmE, HAL: m

% F4it H bR BB L KA

fun = @(x) target_distance(x, h0, v0, v_wind, r, m, v_launch0);
nonlcon = @(x) target_distance_constraint(x, h_min, d_min, d_max);
% WIUR{EFNIZ) R %A

x0 =[100, 30, 45, v_launchQ]; % #J#a{H, [RHHEEE, MM, KIEFITHA, KTEE]
Ib=[0,0,0,0];% TR

ub = [inf, 90, 90, inf]; % _L-fR

% WAL EL

options = optimoptions(‘fmincon’, 'Display’, 'iter’, 'Algorithm’, 'sqp");
[, dist] = fmincon(fun, x0, [1, [1, [1. [1. Ib, ub, nonlcon, options);

% i AR ARAN H AR

dist = -dist; % H b5 b8 HUBRH S P DA A0 BE 8t B U S 3
h =h0 - x(1)*sind(x(2)); % K 5 CHLI &

alpha = x(3); % K471

v_launch = x(4); % &5 fE

% JTENSR
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fprintf( LA \n');

forintf( & 5 EE R %.2F m\n', x(1));
fprintf( T f FE: %.2f deg\n', x(2));
fprintf(" A 54 75 7 2 %.2f deg\n’, x(3));
fprintf( & 53 5 %6.2F m/s\n', x(4));
fprintf(' H A7 P 25 %.2F m\n', -dist);
end

iR

SN ¥
RATBEES: 1256.65
feh A RE: 43.37
RETTI0f: 26.26
RATESE: 600.00
HirEEES: 1723.49
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PR H 75 225 18 TE AL 3 A AR A i RS FE RS o (RIS XU R RGE 0 00 TE AL RAT 2837 2
SN, DR G B2 RS R MRS e AL A RO RE R o R 45 iy FPoRS B 22 TRV 0 22 FT LB R AU
MHURSHESE R R BEAT AT 5T, 3 2 JOBHUL AT LUAS B AR E M S ar i RS B Gt R &R
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(1) @ HANISB) AR AR RS R, ARG B E T FO S AN AL B 3 B3 A

(2) 258 TAN AT XS To A KL A AORE IR, 3 DR 1] A0 XU FA B T 55 Hh 0l 2 PR DR 2R

(3) MRAETANLKIL AN RE S TN 52 315 DL, AR F W0E R vh 5 e AP LN i

(4) RTINS . R B RS, T ANIRE

(5) MIETANMALEFLSAEE, THE RS RYEYI T o) R

(6) MRS ENEYIR AT RN, THREHEEIA BE R

(7) EEUEDTREZIR, Guit R 2 BENEY)E i i b R A AHLIRIARR E 1 -

R bR AT SRR e S A RS FEZ A5G &R, BIARE R GT, i bR P

2) TN R AL AT L A5 B SR

FERA € TE AN B L RAT LT R HEME 1, 75 25 OE AHLRIAE e M didn . T DAE B A TE A
PUH LS AR B B S AR R R A E bR . (R0 E T AR e tEabn 2 e, AT LA AR A S50
KRBT NHLI I AR

s o ANHLEIARE P AT A e AL SR 7 22k M8, RIARE by, TE ANURSHITT 2. &
WAL LR A 3 4Em &, RIS = [REMA, WA, WAl HhREA. MM,
M 70 AR TENBLGE x ly y Bl z A IREE AR . T AWLEE S 5 22 7T AR IR N :

Var = frac{1}{n-1} sum{i=1}"n (ei - \bar{e})"2
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Forb, n WIEESMERRE, $e i$FoRiH | NERBIMESRE, $\bar{e}$Fmpra &4 Ri-F1
fH. B, TAVZEEMTT =B/, FaE .
TEH BT NAHIARS EVER RIS, FRA T 225 & thoRs B2 o B T AHLR S AR YE i) iy v o PT DA
F =41 b B EE B oR i, RY:
Distance = sqrt{(x{target}-x{hit})"2 + (y{target}-y{hit})"2}
Hrp, (x{target},y{target})$FX ~ HArfr &, (x{hit},y{hit})F"ELEY PN E .
FESEEER b, JRATAT A ST — MUY, (150 AHLIAS & M d KAk, (R DR IE i HokG P i 31—
SEN BB . FoAdt, ATATLARE —NHERRE, k.
Obj = -Var + alpha times max(0, D_{threshold} - Distance)
Hrr, Var R ANLESMTT%, alpha & —MESH, H TPt d R . D_{threshold}
P ORGP R BIAEL, B SR SR iy oK E /N TR, U H R R R i ORS BE I 0.
N EORAG B bRk B, FRATTR A B B R R s A A S AT SR, I MATLAB A i)
fmincon BR L, 4 B ARREE NI, FFRE LK, W AN IIAAIE L I f B R R 1)
o SRS BIRAL R R, FRATRT LA B AR T AL AT

5.3.2. B ElEEIKAE

TREMRET R RN

0.9

0 90
HHRE (E)

Figure 3. Stability changes with dive Angle
E 3. REMMTAENEK

Kl 3 TR, N T s KA B AR BREL, FRATTR FHBE T B s AL A SR AT SR A, I8 I {8 MATLAB
Wi fmincon BRAL, K HAREREUERNIN, IR E LA REMN, WEANEENBNERE . RS AE
(BRI S o IR AR AT B AR R R, FRATTRT LAAF BB AR A T AL RAT o 15 20T AMLAR T TR B 0 ol £
(1975 £k tih 25

R

SRR A 2 90.00 B

RATH ]y 27.00 FB

RS BN 2175.00 K
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