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1 Experimental Setup
Figure S1 shows the triaxial orthogonal Helmholtz coils used to trigger the vector-controlled wheel-like swarms (VCWS). The control signals were generated by a PC, and then amplified by a current amplifier to achieve an adequate field strength up to 15 mT. The sample is enclosed by the 3D Helmholtz coils that mounted on an optical microscope. Based on controlling the current inputs of Helmholtz coils, vector-controlled magnetic field can be generated in workspace to build the microswarms in desired patterns.
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Supplementary Figure 1. Lab-made triaxial orthogonal Helmholtz coils consisting of Inner(x-axis) coils, Midddle(y-axis) coils and Outer(z-axis) coils.
2 Paramagnetic nanoparticles
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Supplementary Figure 2.  A) The SEM image of a cluster of the paramagnetic nanoparticles used in our work. The scale bar is 2 m. B) The SEM image of one particle. The nanoparticles have an average diameter of 800 nm. The scale bar is 500 nm.
3 [bookmark: _Hlk97820695]Magnetic hysteresis property
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Supplementary Figure 3. Magnetic hysteresis curve of Fe12O19Sr nanoparticles with average diameter of 800 nm.

2

3

image3.png
100 B

Moment (emu/g)
1) 3

'
3]
o

-750 -500 -250 0 250 500 750
Magnetic Field (mT)





image1.png




image2.png




image4.jpeg
’ frontiers




