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A RIRR G, XA B R AT S5 FE Rk 1k, CUEin B sl . S ior
GTEFE A = A% O R M T7 %2, RN A T AR B 3 AT 58 IE

2.4 [N ) 74

DORAE 3 BT AHLI R 358 M SEftfR 0 T DU SR, I IR e, #y 12 4
2 B R U RO, BTt — BB B D R SRR &R

BEXF 2 B REAR ISR, SI N B ISR B AR S0, R TC AL ST ST A
vttt Rk R KA SeBLE B =, MEARHE GA, BORIRTH IR
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% 2 Ciimdh Bk
Ml ﬁé*ﬁ ﬁMl,O =(20000, O, 2000) M1 EE VM1=300m/S
FY1 445 P10 (17800, 0, 1800) FY1 3 Vey, =120m/s
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RN X Ry =10m W= R v, =3m/s
(—) B# M1 K23
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HPIIE sl A5G, MRS 51 R AL

T
S 1
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BRI A L, =t +Ty - TEt2t, 0T, WEEZTFAFIL, HPOREP @b

0
0 | (t _tdet)

sink
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Fake_pointﬁ «-—""" o
Ture _pomk/
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TR AEV FRE— Ry, BEE RS EIEE R EB(v, 1) -
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k
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0 otherwise
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Tend
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t
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d FYlxy —

FY1
det

det fuse

mTF:
S8 M1
i} 5 _p
V —vV . afake aMl, .
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Pamoke (t, S) = Pdet -(0,0, Vsink) (t- (tdrop +tfuse))
AR A RCERIN Kk F] 2.41s.
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FIUE R Pt — AR T Sy 1N —LANEE T AT 38k A B AL A 5 A AR A

Po = {§seed }U{grand J }.N=Il
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e 22X (Crossover): XF5AX p,, B, KA, —#E38 X (SBX), MRIEFEHLAZE u [0,1] AF
AT R, A R T B, A TAELC,

6112 = 0-5'[(61 +Bz)$ﬂ‘62 _BIH

ARG RHER s, K 2T 57, iR & r e [0,1) A7) A i5 B, A2 BAREN 6,
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B 5 AR FHAE GA HAIE R
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USRS H\ ¢ M D]

w5, @IdZTE, BIETENIE RN TR R B T — AN TR AR R SRS, TR
JR SRR 1 ROE RN KA E] 4.64s,

PR RATIRIE N : 0=178.04° , vj =82.21m/s, faropx =0.11 , tfuse) =2.64s
11



(=) XMFHHFE: Pl T HERA
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FLong o RO BAL GA @, (BB, LR AR ETE T
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A 4 TR £ B A AGE R A 25 ot v
PRAS AR Y WERRA B2 K (s)

5 AR (GA F-11) - 4.72
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HNMER

[ ) e 25 AR 5 AR 2 2R

# probleml_final model.py
# 1A SR R Bl D A AN 0B AR 7 1) B R A 7Y

import numpy as np

# --- 1. Wil s ---

G = 9.8

P_M1_START = np.array([20000.0, 0.0, 2000.0])
V_M1_SPEED = 300.0

P_FY1 START = np.array([17800.0, 0.0, 1800.0])
V_FY1 _SPEED = 120.0

P_FAKE_TARGET = np.array([0.0, 0.0, 0.0])
R_SMOKE = 10.0
V_SINK_SPEED = 3.0
T_SMOKE_DURATION =
T DROP = 1.5

T FUSE = 3.6

20.0

R_CYLINDER = 7.0
H_CYLINDER = 10.0
P_CYLINDER_BASE_CENTER = np.array([0.0, 200.0, 0.0])

# --- 2. BENUISER ---

dir_ml = (P_FAKE_TARGET - P_M1_START) / np.linalg.norm(P_FAKE_TARGET
- P_M1_START)

V_M1_VECTOR = dir_ml * V_M1_SPEED

p_fyl target proj = np.array([P_FAKE_TARGET[©], P_FAKE_TARGET[1],
P_FY1_START[2]])

dir_fyl = (p_fyl_target_proj - P_FY1 _START) /
np.linalg.norm(p_fyl target_proj - P_FY1_START)

V_FY1_VECTOR = dir fyl * V_FY1 SPEED

def get pos missile(t): return P_M1_START + V_M1 VECTOR * t
def get_pos_drone(t): return P_FY1_START + V_FY1 VECTOR * t

#--- 3. TFEHREOCHE T S ---

p_drop = get_pos_drone(T_DROP)

p_detonation = p_drop + V_FY1 _VECTOR * T_FUSE - np.array([0, ©, 0.5
* G * (T_FUSE**2)])

t _detonation start = T_DROP + T_FUSE

t_smoke_end = t_detonation_start + T_SMOKE_DURATION

# --- DIAR AR ---
def get_dynamic_silhouette_points(missile pos,
num_points_circle=16, num_points_line=8):

c_Xy = P_CYLINDER BASE_CENTER[:2]
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m_xy = missile_pos[:2]
v_cm = m_Xy - C_Xy
d sq = np.dot(v_cm, v_cm)

# FHRAERIAEIE BT BN IR RS
if d_sq <= R_CYLINDER**2:
thetas = np.linspace(@, 2 * np.pi, num_points_circle)
points Xy = c_xy + R_CYLINDER * np.array([np.cos(thetas),
np.sin(thetas)]).T
top_points = np.hstack([points_xy, np.full((len(points_xy),
1), H_CYLINDER)])
bottom points = np.hstack([points_xy,
np.zeros((len(points_xy), 1))])
return np.vstack([top_points, bottom_points])

Q.
Il

np.sqrt(d_sq)
= R_CYLINDER

-
|

# THE 2D #BE-F I RPN R
v_cm_norm = v_cm / d
v_perp = np.array([-v_cm_norm[1], v_cm_norm[@]])

dist_tangent_from_center = r
dist_along v = np.sqrt(d_sq - r**2)

vec_to_tangent_ptl
v_perp) / d

vec_to_tangent_pt2
v_perp) / d

(r * dist_along v * v_cm_norm + r**2 *

(r * dist_along_ v * v_cm_norm - p**2 *

c_Xy + vec_to_tangent pt2 # BIEJLfIX &
c_xy + vec_to_tangent_ptl # fEIEJU{[RA

tangent_ptl_xy
tangent_pt2_xy

points = []
# R 2E R E R
for z in np.linspace(@®, H_CYLINDER, num_points line):
points.append(np.array([tangent ptl xy[Q],
tangent_ptl_xy[1], z]))
points.append(np.array([tangent_pt2 xy[Q],
tangent_pt2_xy[1], z]))

# SR TUTRR A e A1 1
for theta in np.linspace(@, 2 * np.pi, num_points circle):
point_ xy = c¢_xy + R_CYLINDER * np.array([np.cos(theta),
np.sin(theta)])
points.append(np.array([point_xy[@], point_xy[1], ©]))
points.append(np.array([point_xy[0], point_xy[1],
H_CYLINDER]))
return np.array(points)
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#--- 4. BEEMOTES [XUEARMEY BERCHT - - -

dt = 0.001

total_partial time = 0.0

total_complete_time = 0.0

t _impact = np.linalg.norm(P_FAKE_TARGET - P_M1 START) / V_M1 SPEED
t_sim_start = t_detonation_start

t sim_end = min(t_smoke_end, t_impact)

for t in np.arange(t_sim_start, t_sim_end, dt):

p_missile now = get pos missile(t)

p_smoke_center_now = p_detonation - np.array([@, 0, V_SINK_SPEED
* (t - t_detonation_start)])

target_points_now =
get_dynamic_silhouette_points(p_missile_now)

num_total points = len(target_points_now)

blocked points count = ©

for target_point in target_points_now:
A, B, P = p_missile _now, target_point, p_smoke_center_now
AB, AP =B - A, P-A
len sq_AB = np.dot(AB, AB)
if len_sq_AB < 1e-9: continue
t_proj = np.dot(AP, AB) / len_sq_AB

if t proj < @: dist _sq = np.dot(AP, AP)
elif t _proj > 1: dist_sq = np.dot(P - B, P - B)
else: dist_sq = np.dot(AP, AP) - (t_proj**2) * len_sq_AB

if dist_sq <= R_SMOKE**2:
blocked_points_count += 1

# SHT AT A%

if blocked points_count > 0:
total partial time += dt

if blocked _points_count == num_total points:
total _complete_time += dt

# --- 5. HligiR ---

print("--- F@— (ZIERE+NEIRERED) (FEER ---")

print(F" # 4 3 M B B K (F b — A K B A W E P ):
{total partial time:.4f} s")

print(f" 58RI & (AR AR ) . {total_complete_time:.4f}
on
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[ PR 388 A SR A

# problem2_ga.py
# UGUE GA 7EST O Y b HR B R R AR, 7 B8 SR B AR AR A 3R

import numpy as np
import time

# --- 1. vtz ---

G = 9.8

P_M1 START = np.array([20000.0, 0.0, 2000.0])
V_M1_SPEED = 300.0

P_FY1 START = np.array([17800.0, 0.0, 1800.0])
P_FAKE_TARGET = np.array([0.0, 0.0, 0.0])
R_SMOKE = 10.0
V_SINK_SPEED = 3.0
T_SMOKE_DURATION =

20.0

# RS

R_CYLINDER 7.0

H_ CYLINDER 10.0

P_CYLINDER_BASE_CENTER = np.array([0.0, 200.0, 0.0])
P_TRUE_TARGET_CENTER = P_CYLINDER BASE_CENTER + np.array([@, O,

H_CYLINDER / 2]) # Ji

# o= 2. PIMCR RS A - - -
# a. FOOCHERBIN RN A (GA SR AL BT )

def calculate_time_centroid(strategy):

# XS problem2_ga_final.py M ER % 5E 4 AH ]

flight_angle_deg, flight_speed, t_drop, t_fuse = strategy

flight_angle_rad = np.deg2rad(flight_angle deg)

dir fyl = np.array([np.cos(flight_angle_rad),
np.sin(flight _angle _rad), 0])

v_fyl vector = dir_fyl * flight_speed

dir_mi1 = (P_FAKE_TARGET - P_M1_START) /
np.linalg.norm(P_FAKE_TARGET - P_M1_START)

v_ml vector = dir_ml * V_M1_SPEED

def get_pos missile(t): return P_M1_START + v_ml_vector * t

def get_pos_drone(t): return P_FY1l START + v_fyl vector * t

p_drop = get_pos_drone(t_drop)

p_detonation = p_drop + v_fyl vector * t_fuse - np.array([0, O,
0.5 * G * (t_fuse**2)])

t _detonation _start = t _drop + t_fuse

t_smoke_end = t_detonation_start + T_SMOKE_DURATION

dt = 0.01
total_effective_time = 0.0
t _impact = np.linalg.norm(P_FAKE_TARGET - P_M1 _START) [/

V_M1_SPEED
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t sim_end = min(t_smoke_end, t_impact)

if t_detonation_start >= t_sim_end: return 0.0

for t in np.arange(t_detonation_start, t_sim_end, dt):
p_missile now = get pos missile(t)
time_since_detonation = t - t_detonation_start

p_smoke_center_now = p_detonation - np.array([0, O,
V_SINK_SPEED * time_since_detonation])
A, B, P = p_missile_now, P_TRUE_TARGET_CENTER,

p_smoke center_now
AB, AP =B - A, P - A
len_sq_AB = np.dot(AB, AB)
if len_sq_AB < 1e-9: continue
t_proj = np.dot(AP, AB) / len_sq_AB
if t_proj < 0: dist_sq = np.dot(AP, AP)
elif t proj > 1: dist sq = np.dot(P - B, P - B)
else: dist_sq = np.dot(AP, AP) - (t_proj**2) * len_sq_AB
if dist sq <= R_SMOKE**2:
total effective time += dt
return total_effective_time

# b. ZHARR R R VR R A (AT HY)
def calculate_time_cylinder_dual(strategy):

# XA ERE) FABE probleml_final model.py

flight_angle _deg, flight speed, t_drop, t_fuse = strategy

flight_angle rad = np.deg2rad(flight_angle deg)

dir_fyl = np.array([np.cos(flight_angle rad),
np.sin(flight _angle_rad), 0])

v_fyl vector = dir_fyl * flight_speed

dir_mi1 = (P_FAKE_TARGET - P_M1_START) /
np.linalg.norm(P_FAKE_TARGET - P_M1_START)

v_ml vector = dir_ml * V_M1_SPEED

def get_pos missile(t): return P_M1_START + v_ml_vector * t

def get_pos_drone(t): return P_FY1l START + v_fyl vector * t

p_drop = get_pos_drone(t_drop)

p_detonation = p_drop + v_fyl vector * t_fuse - np.array([0, O,
0.5 * G * (t_fuse**2)])

t_detonation_start = t_drop + t_fuse

t_smoke_end = t_detonation_start + T_SMOKE_DURATION

dt = 0.01

total_partial time = 0.0

total complete time = 0.0

t impact = np.linalg.norm(P_FAKE_TARGET - P_M1 _START) [/
V_M1_SPEED

t _sim_end = min(t_smoke_end, t_impact)

if t _detonation_start >= t sim _end: return 0.0, 0.0

# S AR R (R
def get _dynamic_silhouette points(missile_ pos,
num_points circle=16, num_points_line=8):
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(AR s pR B 5e AR, 5 BN Bl (R 5E 4 A ) )
c_Xy = P_CYLINDER_BASE_CENTER[:2]
m_xy = missile_pos[:2]
v_cm = m_Xy - C_Xy
d_sq = np.dot(v_cm, v_cm)
if d_sq <= R_CYLINDER**2:
thetas = np.linspace(@, 2 * np.pi, num_points_circle)

points_xy = Cc_Xy + R_CYLINDER *
np.array([np.cos(thetas), np.sin(thetas)]).T

top_points = np.hstack([points_xy,
np.full((len(points_xy), 1), H CYLINDER)])

bottom points = np.hstack([points_xy,

np.zeros((len(points_xy), 1))])
return np.vstack([top_points, bottom_points])
d = np.sqrt(d_sq)
r R_CYLINDER
v_cm_norm = v_cm / d
cos_theta r/d
sin_theta = np.sqrt(d_sq - r**2) / d
rotl = np.array([[cos_theta, -sin_theta], [sin_theta,
cos_theta]])
rot2 = np.array([[cos_theta, sin_theta], [-sin_theta,
cos_theta]])
vec_to_tangent_ptl = r * (rotl @ v_cm_norm)
vec_to_tangent pt2 = r * (rot2 @ v_cm_norm)
tangent_ptl xy = c_xy + vec_to_tangent ptl
tangent_pt2_xy C_Xy + vec_to_tangent_pt2
points = []
for z in np.linspace(®, H_CYLINDER, num_points line):
points.append(np.array([tangent_ptl xy[Q],
tangent_ptl xy[1], z]))
points.append(np.array([tangent_pt2 xy[Q],
tangent_pt2_xy[1], z]))
for theta in np.linspace(@, 2 * np.pi, num_points circle):
point_xy = c_xy + R_CYLINDER * np.array([np.cos(theta),
np.sin(theta)])
points.append(np.array([point_xy[@], point_xy[1l], ©]))
points.append(np.array([point_xy[0], point xy[1],
H_CYLINDER]))
return np.array(points)

for t in np.arange(t_detonation_start, t_sim_end, dt):

p_missile now = get pos missile(t)

p_smoke_center_now = p_detonation - np.array([0, O,
V_SINK_SPEED * (t - t_detonation start)])

target_points_now =
get _dynamic_silhouette points(p_missile now)

num_total points = len(target_points_now)

blocked points count = ©
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for target_point in target_points_now:

A, B, P = p_missile_now, target_point, p_smoke_center_now

AB, AP =B - A, P - A

len_sq_AB = np.dot(AB, AB)

if len_sq_AB < 1e-9: continue

t_proj = np.dot(AP, AB) / len_sq_AB

if t_proj < 0: dist_sq = np.dot(AP, AP)

elif t_proj > 1: dist_sq = np.dot(P - B, P - B)

else: dist_sq = np.dot(AP, AP) - (t_proj**2) * len_sq_AB

if dist_sq <= R_SMOKE**2:
blocked_points_count += 1
if blocked points_count > 0:
total_partial_time += dt
if blocked_points_count == num_total points:
total complete time += dt
return total partial time, total_complete_time
# --- 3. PUTHRARIE ---
if __name__ == "__main__":
# X RTRATH GA FE TR b4 3] ) e e SR
ga _optimal_strategy = [177.71, 80.34, 0.16, 2.68]

print("--- JFUHHRARIE ---")

print(f" fF ¥ iF SR 0% :  ff /¥ ={ga_optimal_strategy[0]:.2f}, & /&
={ga_optimal_strategy[1]:.2f}, # /i ={ga_optimal_strategy[2]:.2f},
5|{5={ga_optimal_strategy[3]:.2f}")

start_time = time.time()

# 1. 7EFUOIEA FE I GA 15

score_on_centroid_model =
calculate_time_centroid(ga_optimal_strategy)

# 2. fEEREEIAAERTY b AT B A B0

score_partial, score_complete =
calculate_time_cylinder_dual(ga_optimal_strategy)

run_time = time.time() - start_time

print(f"\n ®iE5EM, ¥ : {run_time:.2f}s")

print("\n\n--- IR BARAENRE EIIEA R ---")

print("="*65)

print (" PFAARE | KR | mEHKETEK (s)")

print("------------------------- |----mmmmm - [-----=--mmom--
----- ")

print(f" i OACFEAEL A (GA F-MEFMEH) | --
{score_on_centroid model:.4f}")

print(F" I SR ER Y (FHERLE) | 3 4 M i
{score_partial:.4f}")
print(F" I SR ER Y (FHERLE) | 58 4 M i

{score_complete:.4f}")
pr‘int("="*65)

28




[F) = 1 e 4 45 R tH S5 A

# problem3_final_report.py
ORI U A B AR R I R R B 4

import numpy as np
import time

# --- 1. vtz ---

G = 9.8

P_M1 START = np.array([20000.0, 0.0, 2000.0])
V_M1_SPEED = 300.0

P_FY1 START = np.array([17800.0, 0.0, 1800.0])

P_FAKE_TARGET = np.array([0.0, 0.0, 0.0])
R_SMOKE = 10.0
V_SINK_SPEED = 3.0

T_SMOKE_DURATION = 20.0

# RS

R_CYLINDER = 7.0

H CYLINDER = 10.0

P_CYLINDER_BASE_CENTER = np.array([0.0, 200.0, 0.0])

# --- 2. %l EAEEEVPAGRREUE ---
# a. ZARCE AR (FRATEARH R

def get_dynamic_silhouette_points(missile_pos,
num_points_circle=16, num_points_line=8):
c_xy = P_CYLINDER_BASE_CENTER[:2]
m_xy = missile pos[:2]
V_Cm = m_Xy - C_Xy
d sq = np.dot(v_cm, v_cm)
r = R_CYLINDER
if d_sq <= r**2:
thetas = np.linspace(@, 2 * np.pi, num_points_circle)
points xy = c¢xy + r * np.array([np.cos(thetas),
np.sin(thetas)]).T
top_points = np.hstack([points_xy, np.full((len(points_xy),
1), H_CYLINDER)])
bottom points = np.hstack([points_xy,
np.zeros((len(points_xy), 1))])
return np.vstack([top_points, bottom points])
d = np.sqrt(d_sq)
v_cm_norm = v_cm / d

cos _theta =r / d

sin_theta = np.sqrt(d_sq - r**2) / d

rotl = np.array([[cos_theta, -sin_theta], [sin_theta,
cos_theta]])

rot2 = np.array([[cos_theta, sin_theta], [-sin_theta,

cos_theta]])
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vec_to_tangent_ptl r * (rotl @ v_cm_norm)
vec_to_tangent pt2 = r * (rot2 @ v_cm_norm)
tangent_ptl xy = c_xy + vec_to_tangent_ptl
tangent_pt2 xy = c_xy + vec_to_tangent pt2
points = []
for z in np.linspace(@, H_CYLINDER, num_points line):
points.append(np.array([tangent ptl xy[Q],
tangent_ptl xy[1], z]))
points.append(np.array([tangent pt2 xy[Q],
tangent_pt2 xy[1], z]))
for theta in np.linspace(@, 2 * np.pi, num_points_circle):
point_ xy = ¢ xy + R_CYLINDER * np.array([np.cos(theta),
np.sin(theta)])
points.append(np.array([point_xy[@], point_xy[1], ©]))
points.append(np.array([point_xy[0], point xy[1],
H_CYLINDER]))
return np.array(points)

# b, THE DAY W) DREARE] Mk K
def calculate_single bomb_time_cylinder(single_strategy):
flight_angle _deg, flight _speed, t_drop, t_fuse = single_strategy

# ... (NEZHEYE probleml_final model.py (K FEH 544014 )
flight_angle rad = np.deg2rad(flight_angle deg)
dir_fyl = np.array([np.cos(flight_angle rad),

np.sin(flight_angle_rad), 0])

v_fyl vector = dir_fyl * flight speed

dir_mi1 = (P_FAKE_TARGET - P_M1_START) /
np.linalg.norm(P_FAKE_TARGET - P_M1_START)

v_ml vector = dir_ml * V_M1_SPEED

def get_pos missile(t): return P_M1_START + v_ml_vector * t

def get_pos_drone(t): return P_FY1l START + v_fyl vector * t

p_drop = get_pos_drone(t_drop)

p_detonation = p_drop + v_fyl vector * t_fuse - np.array([0, O,
0.5 * G * (t_fuse**2)])

t_detonation_start = t_drop + t_fuse

t _smoke_end = t_detonation start + T_SMOKE DURATION

dt = 0.01

total_partial time, total _complete_time = 0.0, 0.0

t_impact = np.linalg.norm(P_FAKE_TARGET - P_M1_START) [/
V_M1_SPEED

t_sim_end = min(t_smoke_end, t_impact)
if t_detonation_start >= t_sim_end: return 0.0, 0.0
for t in np.arange(t_detonation_start, t_sim_end, dt):
p_missile now = get pos missile(t)
p_smoke_center_now = p_detonation -  np.array([0, O,
V_SINK_SPEED * (t - t_detonation_start)])
target_points_now =
get_dynamic_silhouette_points(p_missile now)
num_total points = len(target points_now)
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blocked_points_count = ©
for target_point in target_points_now:
A, B, P = p missile now, target_point, p_smoke_center_now
AB, AP =B - A, P -A
len_sq_AB = np.dot(AB, AB)
if len_sq_AB < 1e-9: continue
t_proj = np.dot(AP, AB) / len_sq_AB
if t_proj < @: dist_sq = np.dot(AP, AP)
elif t_proj > 1: dist_sq = np.dot(P - B, P - B)
else: dist_sq = np.dot(AP, AP) - (t_proj**2) * len_sq_AB
if dist_sq <= R_SMOKE**2:
blocked_points_count += 1
if blocked_points_count > 0: total_partial_time += dt
if blocked_points_count == num_total_points:
total complete time += dt
return total partial time, total_complete_time

# oc. PR LAY RO RIVE T N B OOCEEAR#E ] Bl
def calculate_total time_cylinder_dual g3(full strategy):
# ... (N¥ZHY5 problem3 validate on_cylinder.py F1f5E4HH)
flight_angle_deg, flight speed, t_di1, t_f1, t_d2, t_f2, t_d3,
t f3 = full_strategy
flight_angle rad = np.deg2rad(flight_angle deg)
dir_fyl = np.array([np.cos(flight_angle rad),
np.sin(flight_angle_rad), 0])
v_fyl vector = dir_fyl * flight speed
dir_mi1 = (P_FAKE_TARGET - P_M1_START) /
np.linalg.norm(P_FAKE_TARGET - P_M1_START)
v_ml vector = dir_ml * V_M1_SPEED
def get_pos missile(t): return P_M1_START + v_ml_vector * t
def get_pos_drone(t): return P_FY1l START + v_fyl vector * t
smoke bombs = [(t_d1, t f1), (t d2, t f2), (t_d3, t f3)]
bomb_params = []
t_impact = np.linalg.norm(P_FAKE_TARGET - P_M1_START) /
V_M1_SPEED
for t_drop, t fuse in smoke bombs:
p_drop = get _pos_drone(t_drop)
p_detonation = p_drop + v_fyl vector * t_fuse - np.array([0,
9, 0.5 * G * (t_fuse**2)])
t_detonation_start = t_drop + t_fuse
t _smoke_end = t_detonation start + T_SMOKE DURATION
if t_detonation_start < t_impact:
bomb_params.append((p_detonation, t_detonation_start,
min(t_smoke_end, t_impact)))
if not bomb_params: return 0.0, 0.0
all start_times = [p[1l] for p in bomb_params]
all end times = [p[2] for p in bomb_params]
t _sim_start, t sim_end = min(all start_times),
max(all end times)
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dt = 0.01
total_partial_time, total_complete_time = 0.0, 0.0
for t in np.arange(t_sim_start, t _sim_end, dt):
p_missile now = get pos missile(t)
target_points_now =
get_dynamic_silhouette_points(p_missile_now)
num_total points = len(target_points_now)
blocked_points_count = ©
for target_point in target_points_now:
is_point_blocked = False
for p_det, t_det_start, t_smoke_e in bomb_params:
if not (t >= t_det_start and t < t_smoke_e): continue

p_smoke center now = p_det - np.array([0, 0,
V_SINK_SPEED * (t - t_det_start)])
A, B, P = p_missile now, target_point,

p_smoke_center_now
AB, AP =B - A, P-A
len sq _AB = np.dot(AB, AB)
if len_sq_AB < 1e-9: continue
t_proj = np.dot(AP, AB) / len_sq_AB
if t_proj < @: dist_sq = np.dot(AP, AP)
elif t proj > 1: dist sq = np.dot(P - B, P - B)
else: dist_sq = np.dot(AP, AP) - (t_proj**2) *
len_sq_AB
if dist_sq <= R_SMOKE**2:
is_point_blocked = True
break
if is point blocked: blocked points count += 1
if blocked points _count > ©: total partial time += dt
if blocked_points_count == num_total points:
total complete time += dt
return total partial time, total_complete_time

# --- 3. TP EREAIRE ---
if _name__ == "_main__ ":
#--- @ RATIELR . QAR EE RS (FY)E) ---
g3_champion_strategy = [179.65, 139.66, ©.136, 3.702, 3.765,
5.402, 5.648, 6.036]

print("--- LAY = RAU A g R ---")

start_time = time.time()

# RBINNL ITSH

flight_angle_deg, flight speed = g3_champion_strategy[0],
g3_champion_strategy[1]

flight_angle rad

np.deg2rad(flight_angle deg)
dir_fy1l = np.array([np.cos(flight_angle_rad),
np.sin(flight angle rad), 0])
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v_fyl vector = dir_fyl * flight_ speed
def get_pos_drone(t): return P_FY1_START + v_fyl vector * t

# AER LA AR

table data = []

bomb_params_list = [g3_champion_strategy[2:4],
g3_champion_strategy[4:6], g3_champion_strategy[6:8]]

print (" IEAE 7> A THECEEMOR R 5 A SRR DTk . L L)
for t_drop, t_fuse in bomb_params_list:
p_drop = get_pos_drone(t_drop)
p_detonation = p drop + v_fyl vector * t fuse - np.array([0,
9, 0.5 * G * (t_fuse**2)])

# THRRACGR I TTER (FRATH IR o B TR VR Dy A RO )

individual partial_time, _ =
calculate_single_bomb_time_cylinder([flight_angle_deg,
flight speed, t_drop, t_fuse])

table_data.append({
"p_drop": p_drop,
"p_det": p_detonation,
"duration”: individual partial_ time

1)

print (" IEAETHE R EIAE AR B R R ] L L)

# IR A )

total_partial, total_complete =
calculate_total_time_cylinder_dual_q3(g3_champion_strategy)

run_time = time.time() - start_time
print (f"#k&EEMTERE, N {run_time:.2f}s")

# --- JTEIRARY ---

print("\n\n" + "="*165)

print("HB=: RIKIESER (FHEDSRFHEE)")
print("="*165)

headers = ["TCANLEB TR ()", "TCANISEEE (m/s)", "HHZ#H4m "

"BOBRL x AEFR(m) ", " BROBUR y ABBR(m) ", MHRBUR z ARAR (m) ",
"HECAR AL X ABBR(m) ", MRy ABbR(m) ", MR z AAbR(m) ",
AR K (s)"]

print("{:<20} {:<22} {:<12} {:<22} {:<22} {:<22} {:<22} {:<22}
{:<22} {:<20}".format(*headers))
print("-" * 165)
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for i, data in enumerate(table _data):
if i ==
print("{:<20.2f} {:<22.2f} {:<12} {:<22.2f} {:<22.2f}
{:<22.2F} {:<22.2F} {:<22.2F} {:<22.2f} {:<20.4f}".format(
flight_angle_deg, flight_speed, i + 1,

data["p_drop"][@0], data["p_drop"][1],
data["p_drop"][2],
data["p_det"][@], data["p_det"][1],

data["p_det"][2],
data["duration"]
))

else:
print("{:<20} {:<22} {:<12} {:<22.2f} {:<22.2f} {:<22.2f}
{:<22.2F} {:<22.2Ff} {:<22.2f} {:<20.4f}".format(

R , 1+ 1,

data["p_drop"][@], data["p_drop"][1],
data["p_drop"][2],
data["p_det"][@], data["p_det"][1],

data["p_det"][2],
data["duration"]
))

print("-" * 165)

print(f"VE: AR AR 2 7L S A 50 ALY NS AR 1Y) LR 2 2
@ WINPT

print(f"\n hFE/EH FTEEK: \n - S5l : {total_partial:.4f}
s \n - R5ESER: {total _complete:.4f} s")

print("="*165)

7] ALY ) i 25 B0 UE 5 45 R 0 A

# problem4 final validation.py

import numpy as np
import time
import pandas as pd

# --- 1. VIS SE ---
G =9.8

P_M1_START = np.array([20000.0, 0.0, 2000.0])
V_M1_SPEED = 300.0
TANL_INFO = {

0: {"name": "FY1", ‘"start_pos": np.array([17800.0, 0.0,
1800.0])},

1: {"name": "FY2", T"start_pos": np.array([12000.0, 1400.0,
1400.0])},

2: {"name": "FY3", "start_pos": np.array([6000.0, -3000.0,
700.0]1)},
}

P_FAKE_TARGET = np.array([0.0, 0.0, 0.0])
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R_SMOKE = 10.0
V_SINK_SPEED = 3.0

T_SMOKE_DURATION = 20.0

# RS H
R_CYLINDER = 7.0

H CYLINDER = 10.0
P_CYLINDER_BASE_CENTER = np.array([0.0, 200.0, 0.0])

#o--- 2. &0 ERETHEREE (SZAMBIERAER) ---
# a. ZhAFCE A RR L
def get dynamic_silhouette points(missile pos,
num_points_circle=16, num_points_line=8):
# (R¥kS probleml_final model.py "HHI5E4HHF)
c_Xy = P_CYLINDER _BASE_CENTER[:2]
m_xy = missile_pos[:2]
v_cm = m_Xy - C_Xy
d sq = np.dot(v_cm, v_cm)
r = R_CYLINDER
if d_sq <= r**2:
thetas = np.linspace(®, 2 * np.pi, num_points_circle)
points xy = c¢c¢xy + r * np.array([np.cos(thetas),
np.sin(thetas)]).T
top_points = np.hstack([points_xy, np.full((len(points_xy),
1), H_CYLINDER)])
bottom_points = np.hstack([points_xy,
np.zeros((len(points_xy), 1))])
return np.vstack([top_points, bottom points])
d = np.sqgrt(d_sq)
v_cm_norm = v_cm / d
cos_theta, sin_theta = r / d, np.sqrt(d_sq - r**2) / d

rotl = np.array([[cos_theta, -sin_theta], [sin_theta,
cos_theta]])
rot2 = np.array([[cos_theta, sin_theta], [-sin_theta,

cos_theta]])
vec_to_tangent_ptl, vec_to_tangent_pt2 = r * (rotl @ v_cm_norm),
r * (rot2 @ v_cm_norm)
tangent_ptl_xy, tangent_pt2_xy = c_xy + vec_to_tangent_ptl, c_xy
+ vec_to_tangent_pt2
points = []
for z in np.linspace(@, H_CYLINDER, num_points_line):
points.append(np.array([tangent_ptl xy[@],
tangent_ptl xy[1], z]))
points.append(np.array([tangent_pt2 xy[@],
tangent_pt2 xy[1], z]))
for theta in np.linspace(@, 2 * np.pi, num_points circle):
point_xy = ¢ xy + R_CYLINDER * np.array([np.cos(theta),
np.sin(theta)])
points.append(np.array([point_xy[0], point_ xy[1], ©]))
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points.append(np.array([point_xy[@], point_xy[1],

H_CYLINDER]))

return np.array(points)
# b UPE DALY R D0 EARAE] Bk
def calculate single bomb_time cylinder(single strategy, T A #l
_index):

# (RBUA S ZATBIE IR SE A )

flight_angle_deg, flight speed, t_drop, t_fuse = single_strategy

T AN _start_pos = TLAHNL_INFO[ L AN _index]["start_pos"]

dir_mi1 = (P_FAKE_TARGET - P_M1_START) /
np.linalg.norm(P_FAKE_TARGET - P_M1_START)

v_ml vector = dir_ml * V_M1_SPEED

def get_pos _missile(t): return P_M1_START + v_ml_vector * t

flight _angle rad = np.deg2rad(flight angle deg)

dir_fyl = np.array([np.cos(flight_angle rad),
np.sin(flight_angle_rad), 0])

v_fyl vector = dir_fyl * flight speed

def get pos_drone(t): return JCAWNL_start_pos + v_fyl vector * t

p_drop = get_pos_drone(t_drop)

p_detonation = p_drop + v_fyl vector * t_fuse - np.array([0, O,
0.5 * G * (t_fuse**2)])

t_detonation_start = t_drop + t_fuse

t _smoke_end = t_detonation start + T_SMOKE DURATION

dt = 9.01

total partial time, total complete time = 0.0, 0.0

t _impact = np.linalg.norm(P_FAKE_TARGET - P_M1_START) [/
V_M1_SPEED

t_sim_start = t_detonation_start
t_sim_end = min(t_smoke_end, t_impact)
if t_sim_start >= t_sim_end: return 0.0, 0.0
for t in np.arange(t_sim_start, t_sim_end, dt):
p_missile now = get_pos_missile(t)
p_smoke_center_now = p_detonation -  np.array([0, 0,
V_SINK SPEED * (t - t_detonation start)])
target_points_now =
get_dynamic_silhouette_points(p_missile_now)
num_total points = len(target_points_now)
blocked points count = ©
for target_point in target_points_now:
A, B, P = p_missile_now, target_point, p_smoke_center_now
AB, AP =B - A, P-A
len_sq_AB = np.dot(AB, AB)
if len_sq_AB < 1e-9: continue
t _proj = np.dot(AP, AB) / len_sq_AB
if t_proj < 0: dist_sq = np.dot(AP, AP)
elif t _proj > 1: dist_sq = np.dot(P - B, P - B)
else: dist_sq = np.dot(AP, AP) - (t_proj**2) * len_sq_AB
if dist_sq <= R_SMOKE**2:
blocked points count += 1
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if blocked_points_count > 0: total_partial time += dt
if blocked_points_count == num_total_points:
total_complete_time += dt
return total_partial_time, total_complete_time
#oc. THE L=A) WS VR R DXCERRAE] SR
def calculate_total time_cylinder_dual g4(full_ strategy):
# (RBUA S ZATBIE IR SE A )

strats = [full_strategy[0:4], full strategy[4:8],
full strategy[8:12]]
dir_mi1 = (P_FAKE_TARGET - P_M1_START) /

np.linalg.norm(P_FAKE_TARGET - P_M1_START)
v_ml_vector = dir_ml * V_M1_SPEED
def get pos missile(t): return P_M1_START + v_ml vector * t
t_impact = np.linalg.norm(P_FAKE_TARGET - P_M1_START) /
V_M1_SPEED
bomb_params = []
for i in range(3):
angle, speed, t_drop, t_fuse = strats[i]
TAML_start_pos = TEAHNL_INFO[i]["start_pos"]
angle_rad = np.deg2rad(angle)
dir_ AWl = np.array([np.cos(angle rad), np.sin(angle rad),
e])
v_T ANl _vector = dir_ AWML * speed
def get_pos_drone_factory(start, vec): return lambda t: start
+ vec * t
get_pos_drone = get pos_drone_factory(JC AWl_start _pos, v_TG

AWML_vector)
p_drop = get _pos_drone(t_drop)
p_detonation = p.drop + v_ T A Hl _vector * t fuse -
np.array([@, 0, 0.5 * G * (t_fuse**2)])
t det _start = t_drop + t_fuse
t _smoke _end = t_det start + T_SMOKE_DURATION
if t_det_start < t_impact:
bomb_params.append((p_detonation, t _det_start,
min(t_smoke_end, t_impact)))
if not bomb_params: return 0.0, 0.0
all start_times = [p[1] for p in bomb_params]
all end _times = [p[2] for p in bomb_params]
t_sim_start, t _sim_end = min(all _start_times),
max(all_end_times)
dt = 9.01
total partial time, total complete time = 0.0, 0.0
for t in np.arange(t_sim_start, t_sim_end, dt):
p_missile now = get pos missile(t)
target_points_now =
get_dynamic_silhouette_points(p_missile now)
num_total points = len(target_points_now)
blocked points count = ©
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for target_point in target_points_now:
is_point_blocked = False
for p_det, t_det_start, t_smoke_ e in bomb_params:
if t >= t_det_start and t < t_smoke_e:

p_smoke _center_now = p _det - np.array([0, o,
V_SINK_SPEED * (t - t_det_start)])
A, B, P = p_missile_now, target_point,

p_smoke_center_now
AB, AP =B - A, P - A
len_sq_AB = np.dot(AB, AB)
if len_sq_AB < 1e-9: continue
t _proj = np.dot(AP, AB) / len_sq_AB
if t_proj < 0: dist_sq = np.dot(AP, AP)
elif t_proj > 1: dist _sq = np.dot(P - B, P - B)
else: dist_sq = np.dot(AP, AP) - (t_proj**2) *
len_sq_AB
if dist sq <= R_SMOKE**2:
is_point_blocked = True
break
if is point blocked: blocked points count += 1
if blocked points_count > 0: total partial time += dt
if blocked points_ count == num_total points:
total _complete_time += dt
return total_partial_time, total_complete_time
# --- 3. FERF: AREAIRE ---

if _name__ == "_main__ ":
g4 _champion_strategy = [
5.55, 138.13, 0.52, 0.34, # FY1 ZRR

285.75, 115.64, 6.64, 5.60, # FY2 K%
110.52, 112.05, 23.10, 6.50 # FY3 K%

print("--- IEAEN BRI AL FEnE AL e m b A ---")

start_time = time.time()

table _data = []
strats = [g4_champion_strategy[©0:4], g4 _champion_strategy[4:8],
g4_champion_strategy[8:12]]
print (" 1IEAE TR AR SR AL TTER L L L)
for i in range(3):
individual partial, _ =
calculate_single bomb_time_cylinder(strats[i], i)

angle, speed, t_drop, t _fuse = strats[i]

T AWM _start_pos = TLAMNL_INFO[i]["start_pos"]

angle_rad = np.deg2rad(angle)

dir_ AWl = np.array([np.cos(angle rad), np.sin(angle rad),
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e])
v_TEAWNl_vector = dir AWML * speed
p_drop = TLAWNL_start_pos + v_JEAMl_vector * t_drop
p_detonation = p_drop + v_Jt A Ml _vector * t_fuse -
np.array([@, 0, 0.5 * G * (t_fuse**2)])

table data.append({
" AM._name": JFEAMNL_INFO[i]["name"],
"angle": angle, "speed": speed,
"p_drop": p_drop, "p_det": p_detonation,
"duration”: individual_partial

})
print ("IEATHEPMEVEH S AR E L)
total_partial, total_complete =

calculate_total_time_cylinder_dual_qg4(g4_champion_strategy)

run_time = time.time() - start_time
print(f k&G4 MTEE, FH: {run_time:.2f}s")

# - FTERZARG ---
print("\n\n" + "="*165)
print("i@EM: HULKIESIR (EhEAAREEA)")
print("="*165)
headers = ["TLANGS", "TKAHEIHH(E)", "TANIZEIHEE
(m/s)",
"ERTBUR X ABERE(m) ", OB y ARBR ()", B z ARAR(m) ",
"HCHE AL X AABR(m) ", ARy ABR(m) ", AT z ABAR(m) ",
LIRS RN K ()]

print("{:<10} {:<20} {:<22} {:<22} {:<22} {:<22} {:<22} {:<22}
{:<22} {:<20}".format(*headers))
print("-" * 165)
for i, data in enumerate(table_data):
print("{:<10} {:<20.2f} {:<22.2f} {:<22.2f} {:<22.2f}
{:<22.2F} {:<22.2Ff} {:<22.2Ff} {:<22.2f} {:<20.4f}".format(
data["Jc AWL_name"], data["angle"], data["speed"],
data["p_drop"][@], data["p_drop"][1], data["p_drop"][2],
data["p_det"][0], data["p_det"][1], data["p_det"][2],
data["duration"]
)
print("-" * 165)
print (£"i: JUSZA Ry AU 2 FE B A5 A AL R A SL AR B LR
w] . )
print(f"\n BpFE/EH FREEK: \n - S5 #R: {total_partial:.4f}
s \n - R5EEER: {total _complete:.4f} s")
print("="*165)
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