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Figure 1: Considered Environment in SSL using a Swarm
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Figure 2: Process Flow in SSL using a Swarm

Table 1: Notation of Variables for UKF

Quad. coordinates Xg:Yq52q
Velocity Xq:Yq:%q
Acceleration Xq:Yq:2q
Iteration k

State X = (Xg,Yq:2g:%q: Vgr 29) "
Time step t

Landmark intensity (1m) 1

[-th landmark coordinates X1,)1,21

Number of landmarks L

Initial sigma weight e=0.9

Table 2: Model of UKF

Time update function f
2
felag) = oty +1 x 6y + t*% for o in { x,y,z}
fi(0y) = 0y +1 x by for ovin { x,y,z}

QOutput function £
. I
= g P Oy P 2 P
h(xk) =lik1 ... kL
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Table 3: Notation of Variables for UKCF

Source coordinates Xs, Vss Zs
Quad. coordinates Xgs Yg» Zq
State x = (X5, V5,25) 7
Sate dimension n=3
Iteration k
Source intensity (at 1m) 1

Sigma points Xi = {(xi,w/)|j— Zn}
Initial sigma weight w? =0.009
Predicted state x}:
Predicted error P‘IC
Corrected state X
Corrected error Py
Predicted measurement Z{
Process noise O
Measurement noise Ry
Kalman gain Ky
Consensus gain Cx
Consensus order e=0.01
Frobenius norm Il
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Table 4: Model of UKCF

Model

Output function h
: I
2+ yé )q) +(Za Zq)

(i)

Prediction step

Iy =

(for each individual quadrocopter)Sigma point generation

ngl = Xr_1 xjc—l = Xj—1+ (H%Pk_])_ fori=1...n
1

i+n __ —

X, 1—Xk 1 — (1/1 WoPk 1) fori=1.

wl = 1= ..2n

State Transition
x}: = Xk—1
Mean and covariance computation
X = i wix) ,
=Y ow/ (x{] —xf:> (xzfj —x/f) + 0Ok
Predicted measurement computation
Z{lj1 = h(xfc 1)
_ f7
le;l =Y owiz
Kalman Gam compumtion
i . T
2 9 9.
COV(Zifl):Z‘/ OW] (ZI’(‘ I_Z{ 1) (Z{jl—Zifl) +Rk
- . - N\T
CO"(X{’ZLJ = 2320 w/ (kaj _xlf) ( i _Z£—1>
Ky = Cov(x,f,z;{fl )Cov™! (Z£71)

Correction step (for quad. ¢ in a swarm of size M)
Consensus Gain computation
B
1P
State and error correction
X =l Ki(ze— 7))+ Ce T (" =)
Py = P] —K;Cov(z] KT

Cr=¢
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b) Bettom view of CrazyFlie

a) Top view of CrazyFlie

Figure 3: Micro-quadrocopter with a Sinle Microphone
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Figure 4: Error on distance estimation results
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Figure 5: Error on 2D self-localization results

Error on coordinates estimation

100

Classical UKF - Sensor 1

Proposed UKCF - Sensor 1

Proposed UKCF - Sensor 2
—— Proposed UKCF - Sensor 3

60 80

Error (m)

40

20

e,

0 200 400 600 800 1000
Iteration

Figure 6: SSL Performance Comparison between UKF and
UKCF
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