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Microwave spherical scanning imaging system based on 6-DOF manipulator
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(1. Automation School of Qingdao University, Qingdao 266071, China; 2. Ceyear Technologies Co. , Ltd. , Qingdao 266071, China;
3. Shandong Key Laboratory of Industrial Control Technology, Qingdao 266071, China)

Abstract: Emission source microscopy ( ESM) based on synthetic aperture imaging principle has obvious technical advantages and
application value in the field of electromagnetic interference ( EMI) detection of electronic equipment, but it still needs further research
and improvement in spherical imaging algorithm and system design. In view of the above requirements, this paper proposes the design
method and control strategy of the manipulator system under the spherical scanning imaging task. On the system model, the manipulator
configuration, spherical scanning boundary and detection antenna attitude are modeled, and the optimal spherical aperture solution
method under the above constraints is explored. In terms of control strategy, manipulator control strategy based on joint angle search and
the microwave microscopic imaging focusing algorithm are designed and implemented. The above models, methods and strategies achieve
a 60. 21% reduction in the angle of the average joint change in the simulation experiment. In the verification experiment built by the six-
axis manipulator and the reference microwave radiation source, the automatic focusing and accurate imaging are realized (the focusing
accuracy is 0. 1 mm, and the imaging accuracy is not less than 3. 14 dBm), which is expected to be applied to EMI detection and
positioning of electronic systems.
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Fig. 1 Schematic diagram of ESM spherical scanning system
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Fig.2 Comparison of unreachable areas of manipulators

with different degrees of freedom
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Fig. 3 Schematic diagram of the wrist workspace

of the manipulator in x,0,z, plane
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Fig. 8 Schematic diagram of experimental setup
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Table 4 Geometric characteristic parameters of
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(a) Schematic diagram of antenna structure of measured source

X
rETotal[mY] A

8.728 4x10?
8.192 9x10*
7.657 5x10?

4
-
1

7.122 1x10?

6.586 7x10?

6.0513x10°

‘! Y
) Y 7 axit direction:
5.5159x10° / 7 Z axis direction:x

4.9805<10° /. ;
4445 1<100 4 Phi LY
3.909 6x10> X \
3374 2¢102

A}
2 Character
%gég i: }8 Pattern Region
1.768 0x10* Y
1.232 6x10? /

6.971 8x10' /
1.617 6x10" X

(b) H A 5 S U ) S 0L 5

(b) Simulated radiation pattern of reference emission source

K9 SZMERLEE L) 5

Fig. 9 The structure and simulation of the

measured source antenna

SR L0050 (X 2 BRI B F B
(X o 850 O AT R P 5 EOARRE)
XS B IR N (17) ~ (19) B

Glx) = T 11y =1G0) 1+ 3 1 1(x,y) -

j=y-1

I(x,j) | (17)
G(x, -G,

Wiy = S~ e (18)

L(x,y) J%KZ > (W) ] (19)

KA I(w,y) RBREIE AL E (x,y) A0 IRIE R
LT AS TR AR A AR 46 B B A5 5 SR MR (L 5 B 1) T
JE U S I (0T L B /) (3K R IR A T A 1 4 A [
PR A PO AR B AR B /N ) AR EEE N R R
A BB (0. 322 5 m, K] 10 fT7R) .

FEAG RO AR e B 3 i 3k |, BR 1A ESM 14
WG R GEAF I AR 4E R 11 frR, BE 1 (a) Al
AR IR AEIE B (R = 0.35 m,0.4 m) F A5 45 51
HAE R 535000 1 5 A s R ERR S L 2 AW
225 FUZIE LT I BASASTF A S5 56 i SR FH B4 U5
W oA (B 9(b) ) s XFAMH A sh R EF RS R

3714
1.0
= 0.8} W
e | s
® | I
S 06f W \
] '
0 Mw I ’
B 04t ! v
& v v
202
L=32.25cm
AR E AR AR A
9026 028 030 032 034 036 038 040

T AR (AL 50 B B/m
BI10 ARG HL I 5 R R B YOG A
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quality and focusing distance
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