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Abstract: The space-based non-cooperative target tracking technology could play a crucial part in many
aspects of the space application. Currently most well-behaved algorithms were based on video stream.
Owing to different working conditions, their tracking precision, speed of operation, warning rate and false
alarm rate were dissatisfied with the requirement of space-based satellite tracking systems and missions.
Furthermore, the video stream tracking algorithms were too complicated for space-based conditions, where
the processors were weaker than those on the ground. To solve these problem, an algorithm based on

image correlation, curve fitting, Kalman filter, and SURF algorithm and combined with prediction,
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tracking and rectification systems was proposed. The algorithm could achieve high speed and high

accuracy and be satisfied with the space-based computing environment. Proved by the image simulation

experiment and semi-physics simulation, this algorithm could continuously track the target rotated in in-

plane arbitrary angle, scaled from 0.4 to 2.1, and handle illumination change. The mean error of image

tracking simulation experiment result was lower than 0.9 pixel and frame rate was more than 200 frames

per second under most conditions. This algorithm could also deal with image blur, Gaussian noise and

salt and pepper noise. Satellite model tracking experiment results showed that the algorithm also had a

stably tracking performance for practical satellite model.

Key words: non-cooperative area targets tracking;

Kalman filter

0 5] §

B 2 [ B AN, At T R s #
A AR B 11 2 1) A v o 3 e A 8 BRER T oK H i 18
VI, fE—2exf G 4F TR BRER I 0 T3, aniBOGER
A, 2 IR 05 ) BR B 1R 22 e S D AR B 1 km () e %
Fbs LRGN AR 22, W s SEAE 55 R M AR, B LA
SO ] R R ER RIS . HORUAE ST BRER U, B
3 il SR B B A S BRI RE B 2 P fRl N B 8 S R i
FEW AR TBe, FAT i BRLERE BE R0 BT B
J . HARGEEZR A 2 DG (5 0 H i £ 2
BT R EE RGO AN A TR R SR
BRER AR R SEA L, Bl A A 18 i PR R ER Sk, TR
SRR AE SR B AR ERES

FURT T HARERER , 275 SCHR[2-31 08 2= T4
RUE WA TR R RO B A BRI T, 2 H
BT 22 AT I A IRl . 278 STIK (418 T SIFT ¢
fiE SRR SC IR PR SS & W%, I BaiaicizihZ
X H AR ST AR S I IR ER B . 225 SCHR[5] 42
T — BRI T AR SCUR I A MOt Bk, FEAR G BB I
SENE RS s R A INAR ST, A DR T 3 RO ]
B, 275 3CHR[613E ) T —Fh 4l & T TR AR A1 B
LM R AR B B R Tk, Ik e
T ARG UL B AT R IR 52 A% B AN I 55 2 AU T
eSS RS A | B R R NE R = 2 N
AL 2% | Gl R I 24 55 i 1l
SRS B A BRER N 2% MDNet, 158 T 5471945

IR 2 BOOCR B BR B 580 22 J T O O
AbER WU F AR BRER 15 Rk T3 AR BR AN [ =2 A

Space targets;

image tracking; SURF algorithm;

= 1FimR,
K1 WMRERRESRXREBRRERE

Tab.1 Comparison of space target tracking with

video stream target tracking

Video stream target Compound axis area

tracking targets tracking

Colorful; 1 field
olortul; farge hie Grayscale; small field

angle; the target is not .
angle; target is a part

Image-forming

condition related to the
of the background
background
Luminance change; scale In-plane rotation cause
variation occlusion; non- by coarse tracking;
I rigid deformation; motion blur caused by
mage . . .
. g motion blur; fast fine tracking;
variability

motion; out-of-plane
rotation; background
clutter

illumination change;
detector noise; scale
variation
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Tab.2 Tracking condition judgment based on cross-

correlation coefficient and Kalman prediction

Distance between
Kalman prediction and
matching result is less

than threshold

Distance between
Kalman prediction and
matching result is
larger than threshold

Cross-
correlation
coefficient is
larger than
threshold

Cross-
correlation
coefficient is
less than
threshold

Prediction and
calculation results are
close, using the
calculation results

Image blurred and use
the prediction result

Movement with large
range, using the
calculation results

Problems and give up
this frame
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Fig.1 Tracking result with a blurred image
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Fig.2 Matching result of SURF
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Fig.3 Error of angle calculation with SURF
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Fig.4 Error of scale calculation with SURF
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Tab.3 Algorithm performance under scaling and in—plane rotation

Picture 1

Picture 2

Location 1 Location 2

Ours KCF Ours KCF

Location 3

Location 1 Location 2 Location 3

Ours KCF Ours KCF Ours KCF Ours KCF

Common Error/pixel 0.41 16.36 0.38 21.04
image Rate/Hz  308.31 177.09 195.00 178.13
Gaussian Error/pixel 0.41 18.57 0.38 16.20
noise Rate/Hz ~ 311.65 179.91 156.26 180.01

Salt & pepper Error/pixel 0.52 16.55 0.35 19.51

noise Rate/Hz

232.46 177.80 93.38 177.38
Increased 5% Error/pixel 0.41 16.73 0.39 21.04
brightness Rate/Hz  325.99 173.02 206.64 175.88
Decreased Error/pixel ~ 0.43  16.73  0.40  21.04
bri;hgﬁ]ess Rate/Hz  295.17 170.53 190.12 175.75

0.81 26.08 0.52 13.51 0.51 16.97 0.43
250.65
0.61 26.08 0.46 11.54 0.51 16.97 0.4

147.57

42.07

237.78

0.87 26.08 0.51 13.52 0.54 16.97 0.43

246.21

Failure

176.51  403.91 177.83 465.56 176.99 207.83 Failure

Failure

179.02  300.02 177.10 403.58 177.13 106.39 Failure
0.53 26.08 0.42 10.26 0.42 16.97 0.41  Failure
173.51  130.75 176.61 304.85 176.32 36.23 Failure
0.82 26.08 0.50 13.52 0.54 16.97 0.42  Failure

173.32 443.99 173.14 474.93 17291 211.13 Failure

Failure

174.71  410.07 173.82 443.68 171.90 203.14 Failure
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Fig.7 Satellite model important part tracking results
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