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Abstract
medical imaging. Compared with traditional mechanical scanning imaging and focal plane array imaging, single-pixel

Terahertz imaging technology has shown great application potential in the fields of safety imspection and

imaging has the advantages of simple system, fast imaging speed, and low cost. By combining spatial light modulation
technology, the two-dimensional terahertz spatial information of the target can be reconstructed by using the association
algorithm. Starting from the basic concept and development process of terahertz single-pixel imaging, this paper focuses
on the principle, materials, development applications, and possible challenges of coding masks in single-pixel imaging.
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Fig.1 Terahertz point-by-point scanning imaging™’. (a) Schematic diagram; (b) THz image of a semiconductor integrated circuit chip

package; (c) THz image of the blade in different states
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Fig. 2 Mathematical model of encoding mask design and image reconstruction
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Fig. 3 Schematic of a terahertz single-pixel imaging optical path system based on different light sources. (a) Pulsed light source"";

(b) continuous light source’
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Fig. 4 Terahertz single-pixel imaging based on metal masks. (a) PCB mask"; (b) rotating metal disc mask™”’

2.3.2 “sh &AL

AT S AR il R 2% 1A ) BOR 1 K L A EE AR 4
R AN S R (o L S DR (T U R EOME (R S a2 i
R R KA WEHGER )z — T

] i fth e 3R T A A A I B R S R A RS AT
VAR D BE AT (AN~ 4R AR AL BHORE A 4R R
SE)EE A TR R 2Z O R A R BB T — Rl
JEMOC R HE R B VR E 28 B R T B9 DMD K

1811006-4



(e) o

F£605F 18H1/2023 F£ 9 B/ B EXBEFZHE

F5 FF TPO M KM AARFE AR ™ (a) G RERE; (b)) ~(d) EAN 2 mm WAL 3 mm X 3.5 mm @A A8 mm X 10 mm
B FBEH 1G5 G 5 ()~ (@) X R 1 K6 2% LS

Fig.5 Terahertz single-pixel imaging based on TPO"". (a) Imaging schematic; (b)-(d) optical images of a round hole with a diameter of

2 mm, a rectangle with size of 3 mm X 3.5 mm, and the letter “H”

with size of 8 mm X 10 mm, respectively;

(e)-(g) corresponding terahertz images, respectively
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mask™; (b) terahertz metamaterial absorber™
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Fig.7 Electronically controlled metasurface masks based on other tunable materials. (a) Electronically controlled graphene reflection

modulator array™”;

(b) graphene-based modulator arrays integrated on printed circuit boards™”;

(c) VO,-based 8X8 modulation

array"”; (d) dual-color terahertz modulator based on liquid crystal™
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Fig.8 Terahertz imaging based on light-induced semiconductor dynamic masks. (a) (b) Terahertz imaging schematic based on DMD

and LED light sources and imaging results using 63, 105, 1023 pixel masks""; (c¢) (d) compressed terahertz single-pixel imaging

system using IFD algorithm and corresponding terahertz images reconstructed based on CS and IFD algorithms™"
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Fig.9 Single-pixel imaging system based on total internal reflection terahertz'
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Fig. 10 Near-field terahertz single-pixel imaging. (a) Schematic of terahertz single-pixel imaging system based on semiconductor

silicon""’; (b) schematic of terahertz single-pixel imaging system based on VO, "
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Table 1 Indicators for different terahertz wave mask techniques

Modulation . Band Pixel Modulation Modulation
Material . Ref.
method width number depth rate
GaAs narrow 4X4 40% ~kHz [30]
GaAs narrow 8§X 8 62% 12 MHz [31]
] GaAs narrow 8 X8 ~70dB 12 MHz [32]
Electronically controlled metasurface mask
Graphene narrow 4X4 30%-50% 6 kHz [35]
Graphene narrow 16X 16 >70% 1 kHz [36]
VO, narrow 8X 8 65% 1 kHz [37]
Si wide 64 X 64 25% [40]
Si wide 63—1023 33% 0.5 Hz [31]
Photoinduced dynamic ) )
Si wide 32X 32 [41]
mask
Si prism wide 32X 32 80% 20 kHz [48]
VO, wide 32X 32 60% [17]
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