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多约束条件下智能飞行器航迹快速规划

摘 要：

校

校

Dijkstra+ O(V1 ∗ V1 ∗ ϵ + V2 ∗ log(V2))

V1 校 ϵ V2

校 1
103512m 校 9 2
109336m 校 12

200m 大

200m 校

5
校

校

校 校 1 2
103512m 109336m 103652m 109534m

校 校 校

大

校 校

1 100% 104823m
校 10 2 100%

161639m 校 21
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A B
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δ θ

B θ

• 校 校 校 校 校

校 校 0
校

• A 0
• 大 α1 大 α2
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• θ

3.

号

α1 校

α2 校

β1 校

β2 校

θ1

θ2

A

B

Pointvertical 校

Pointhorizontal 校

error ( )

verticalerror ( )

horizontalerror ( )

⃗indirect 校

⃗outdirect 校

R 200m

4.

4 . 1

校

校

校 P1 P2 P1 P2
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校 P1 P2 (verticalerror, horizontalerror) P2 Pointvertical

verticalerror ≤ α1&&horizontalerror ≤ α2 (1)

P2 Pointhorizontal

verticalerror ≤ β1&&horizontalerror ≤ β2 (2)

P2

verticalerror ≤ θ1&&horizontalerror ≤ θ2 (3)

Dijkstra+

4 . 2

200m 200m

5
校

校

校

4 . 3

校 校 校

80% 校 大

校 校 校 校

5 100%
80% 校

5.

5 . 1

Dijkstra+
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(0҅10 )
P1 P3

P4

P2

(0҅1 )
P2 P3_2 P4

(0҅10 )
P1 P3_1 P4

(0҅1 )

��
�"�

� �
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1

O(V1 ∗ V1 ∗ ϵ) V1 校 ϵ Dijkstra+
O(V2 ∗ log(V2)) V2

O(V1 ∗ V1 ∗ ϵ+ V2 ∗ log(V2))

5 . 1 . 1

校 Pointhorizontal Pointhorizontal 0
Pointvertical 0 校 校

校 0 校

校 校 Pointvertical Pointvertical

(error,error + horizontalerror) horizontalerror Pointvertical

Pointvertical 校 Pointvertical (1) error ≤ α1

error + horizontalerror ≤ α2 Pointvertical Pointvertical

Pointvertical 校 Pointhorizontal (2) error ≤ β1

error + horizontalerror ≤ β2 Pointvertical Pointhorizontal

Pointend (3)error ≤ θ1 error + horizontalerror ≤ θ2

Pointvertical Pointend

校 visit 校

校 1
1→2→3→4 P1 P3 10, P3

P4 P3 visit, P2 P3 (0,1) P4 P3
P3→P4 P3

1 P3 P3_1 P3_2
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2 1

1 Python
Dijkstra+ Dijkstra

Dijkstra+

Dijkstra
1 S V S − V = T

2 T P P T P

S

3) 2) T

队 P log2(len(T ))

len(V ) ∗ log2(len(T )) O(V2 ∗ log(V2))

Dijkstra+ C++ 队 2
C++

5 . 1 . 2

1 103512m
11

[0, 503, 200, 80, 237, 170, 278, 369, 214, 397, 612] 2
1

2 109336m
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14
[0, 163, 114, 8, 309, 305, 123, 45, 160, 92, 93, 61, 292, 326] 3
2

5 . 2

5 . 2 . 1

X

校 大

⃗indirect 校

1 1

校 号 校 校 校

0 0 0 A

503 13.387 13.387 11

200 0.865 14.252 01

80 16.614 15.749 01

237 21.241 4.627 11

170 7.689 12.316 11

278 10.457 22.773 01

369 21.893 11.436 11

214 13.313 24.749 01

397 22.33 9.017 11

612 16.972 25.989 B

⃗outdirect 4
M X Y ⃗indirect = X⃗M
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⃗indirect = N⃗Y O 200m
M Y M Y

⃗indirect = N⃗Y

1 Dijkstra+
1: * : startpoint edges

2: * : startpoint
3: priority_queue 队

4: startpoint priority_queue
5: while priority_queue do
6: currentpoint ← priority_queue队
7: priority_queue队
8: if currentpoint then
9: continue
10: end if
11: currentpoint True
12: edge ← edges currentpoint

13: while edge do
14: linkedge ← edge

15: edge

16: if linkedge startpoint → currentpoint <startpoint → currentpoint

then
17: startpoint → currentpoint linkedge startpoint → currentpoint

priority_queue
18: linkpoint currentpoint

19: end if
20: end while
21: end while
22: Return startpoint
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2 is_Link()
1: * : nowid( 校 id),verticalerror(

),horizontalerror( )
2: * :
3: if then
4: if verticalerror <= θ and horizontalerror <= θ then
5: Return TRUE,lastid
6: end if
7: Return False,−1
8: end if
9: if 校 then
10: if verticalerror <= α1 if Tv else β1 and horizontalerror <= α1 if Tv else β1 then
11: Return TRUE,−1
12: end if
13: Return False,−1
14: end if
15: if Tv then currenterror ← horizontalerror else currenterror ← verticalerror

16: // ID error ID_errorid
17: // ID
18: if errorid then
19: Return TRUE,errorid
20: end if
21: i ← 1

22: n ← 校

23: while i < n do
24: i error

25: if Tv then
26: linked,nextid=is_Link(i,error,currenterror + error)
27: else
28: linked,nextid=is_Link(i,error + currenterror,error)
29: end if
30: if linked then
31: errorid nextid

32: end if
33: end while
34: Return TRUE,errorid
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3 2

4

4 M (x0, y0, z0) Y
(x1, y1, z1) X⃗M = (a, b, c) O (x, y, z)

N (x2, y2, z2)

t⃗ = (m,n, k)
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2 2

校 号 校 校 校

0 0 0 A

163 13.287 13.287 01

114 18.621 5.334 11

8 13.921 19.255 01

309 19.445 5.524 11

305 5.968 11.492 01

123 15.172 9.204 11

45 10.006 19.21 01

160 17.491 7.485 11

92 5.776 13.261 01

93 15.26 9.484 11

61 9.834 19.318 01

292 16.387 6.553 11

326 6.96 13.513 B

t⃗ = (a, b, c)× (x1 − x0, y1 − y0, z1 − z0). (4)

(x− x0)
2 + (y − y0)

2 + (z − z0)
2 = R2; (5)

(x− x0, y − y0, z − z0) · (a, b, c) = 0; (6)

(x− x0, y − y0, z − z0) · (m,n, k) = 0. (7)
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(5) M R = 200 (6) M⃗O X⃗M

(7) M⃗O t⃗

5
(x, y, z) (x′, y′, z′)

B

5

O (x, y, z) N (x2, y2, z2)

(x2 − x0)
2 + (y2 − y0)

2 + (z2 − z0)
2 = R2; (8)

(x2 − x0, y2 − y0, z2 − z0) · (x2 − x1, y2 − y1, z2 − z1) = 0; (9)

(x2 − x0, y2 − y0, z2 − z0) · (m,n, k) = 0. (10)

4 (8) O N R = 200 (9) O⃗N

⃗Y N (10) O⃗N t⃗

N⃗Y X⃗M

大 大

5 . 2 . 2

5
1 Dijkstra 校

SE

2 SE u v u +u→ v

+v ≤ , Eselect
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3 2 Eselect SE

4 SE

校

校 1
2 3 4

3 1

校 号 校 校 校

0 0 0 A

503 13.387 13.387 11

200 0.865 14.252 01

80 16.614 15.749 01

237 21.241 4.627 11

170 7.689 12.316 11

278 10.457 22.773 01

369 21.893 11.436 11

214 13.313 24.749 01

397 22.33 9.017 11

612 16.972 25.989 B

matlab 1 2
6 7

5 . 3

5 . 3 . 1

校 min(error, 5) error 校

校 校

5
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4 2

校 号 校 校 校

0 0 0 A

163 13.287 13.287 01

114 18.621 5.334 11

8 13.921 19.255 01

309 19.445 5.524 11

305 5.968 11.492 01

123 15.172 9.204 11

45 10.006 19.21 01

160 17.491 7.485 11

92 5.776 13.261 01

93 15.26 9.484 11

61 9.834 19.318 01

292 16.387 6.553 11

326 6.96 13.513 B

100% 校 Pointvertical 校

(verticalerror, horizontalerror) Pointvertical (5, horizontalerror)

Ponithorizontal 2
26 28 error 5 Dijkstra+

100% 校 校

校 校 80%
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6 1

7 2

5 . 3 . 2

1 校

100%,
104823m 校

校 10 [0, 503, 69, 506,
371, 183, 194, 450, 113, 485, 248, 612] 8 5
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5 1

校 号 校 校 校

0 0 0 A

503 13.387 13.387 12

69 13.807 22.194 02

506 21.675 12.868 12

371 15.615 23.483 02

183 22.653 7.038 12

194 13.611 20.649 02

450 19.588 5.977 12

113 6.507 12.484 02

485 13.787 7.28 12

248 4.22 11.5 02

612 23.733 19.513 B

2 校

100%,
161639m 校

校 21 [0, 169, 322, 270, 89, 236,
132, 53, 112, 268, 250, 243, 73, 249, 274, 12, 216, 16, 282, 141, 291, 161, 326]

9 6
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6 2

校 号 校 校 校

0 0 0 A

169 9.27 9.27 02

322 13.418 4.148 12

270 11.34 15.488 02

89 18.89 7.55 12

236 10.127 17.677 02

132 19.831 9.704 12

53 10.259 19.963 02

112 15.461 5.202 12

268 2.157 7.359 02

250 11.763 9.606 12

243 6.958 16.564 02

73 10.5 3.542 12

249 12.846 16.388 02

274 15.686 2.84 12

12 6.436 9.276 02

216 14.238 7.802 12

16 4.216 12.018 02

282 11.655 7.439 12

141 8.1 15.539 02

291 13.585 5.485 12

161 6.466 11.951 02

326 16.612 15.146 B
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8 1

9 2

6.

6 . 1

6 . 1 . 1

• Dijkstra+
大大

•
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• 5 校

6 . 1 . 2

•
• 5

6 . 2
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A

1 . 1 . Python

if now_id==self.len-1:

if (vertical_val >self.thet or horizontal_val > self.thet):

return -1, -1

else:

if self.vis[now_id][0] == 1:

return 1, 0

self.vis[now_id][0]=1

self.point_num += 1

self.val2id[now_id][0] = self.s_id

self.id2val[self.s_id]=now_id

self.e_id=self.s_id

self.s_id += 1

return 1,0

20



if self.allow_destination(vertical_val,horizontal_val,now_id) ^ 1:

return -1,self.inf

val = vertical_val

if self.csv_data[now_id][4] == 1:

val = horizontal_val

if self.vis[now_id][val] == 1:

return 1,val

self.vis[now_id][val] = 1

self.point_num+=1

self.val2id[now_id][val]=self.s_id

self.id2val[self.s_id] = now_id

self.s_id+=1

add=0

if self.prob and self.csv_data[now_id][5]==1:

add=5000

for i in range(1,self.len):

if i == now_id :

continue

loss=(self.dist_data[now_id][i]*self.delta)

if self.csv_data[now_id][4] == 1:

# tmp=min_dist

is_ok,_val=self.get_ans(now_id,i,loss+add,val+loss)

if is_ok!=-1:

u = self.val2id[now_id][val]

v = self.val2id[i][_val]

if (v in self.is_add[u])==0:

self.is_add[u][v]=1

self.e_num+=1

self.dijkstra.add_edge(u,v,self.dist_data[now_id][i])

elif self.csv_data[now_id][4]==0:

# tmp=min_dist

is_ok,_val=self.get_ans(now_id,i,val+loss,loss+add)

if is_ok != -1:

u = self.val2id[now_id][val]

v = self.val2id[i][_val]

21



# print(u,v)

if (v in self.is_add[u])==0:

self.is_add[u][v] =1

self.e_num+=1

self.dijkstra.add_edge(u,v,self.dist_data[now_id][i])

return 1,val

1 . 2 .Dijkstra C++

void dijkstra(int st,int n){

for(int i=1; i<=n; i++){

vis[i] = 0;

dis[i] = inf;

}

dis[st] = 0;

priority_queue<Node> Q;

Q.push(Node(st, 0));

Node nd;

while(!Q.empty()){

nd = Q.top(); Q.pop();

if(vis[nd.id]) continue;

vis[nd.id] = true;

for(int i=0; i<V[nd.id].size(); i++){

int j = V[nd.id][i].first;

int k = V[nd.id][i].second;

if(nd.d + k <dis[j] && !vis[j]){

dis[j] = nd.d + k;

route[j]=nd.id;

Q.push(Node(j, dis[j]));

}

}

}

}

1 . 3 .Dijkstra C++
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void get_next_shortest_path(int n){

int MIN=1000000000;

int au=-1;

int av=-1;

for(int _id=1;_id<=n;_id++){

for(int i=0; i<V[_id].size(); i++){

int j = V[_id][i].first;

int k = V[_id][i].second;

bool used=false;

for(int up=0;up<used_edge.size();up++){

int u=used_edge[up].first;

int v=used_edge[up].second;

if(u==_id&&v==j){

used=true;

break;

}

}

if(used){

continue;

}

if(dis[_id]+dis1[j]+k-current_min<=MIN){

au=_id;

av=j;

MIN=dis[_id]+dis1[j]+k-current_min;

}

}

}

current_min=MIN+current_min;

used_edge.push_back(make_pair(au,av));

for(int i=1;i<=n;i++){

route1[i]=route[i];

}

route1[av]=au;

}
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