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Abstract Spatial resolution is an important technical parameter for terahertz (THz) imaging system. To measure

the resolution characteristic of the imaging system. a Siemens star for resolution measurement is prepared according

to ISO 12233. By imaging the Siemens star, multidirectional square wave response for different spatial frequencies

can be deduced from the imaging results, thus obtaining the system’s modulation transfer function (MTF).

Resolution measurement experiment based on the Siemens star is carried out on a THz reflection-mode scanning

imaging system. The system's resolution capability is measured and analyzed. The measurement result shows that

the system's resolution is 1. 273 Ip/mm, and the resolvable line width is 0.393 mm. which is consistent with the

measurement result by knife edge method. The study demonstrates that the Siemens star offers a convenient

approach to measure the system's imaging resolution capability. The system's resolution upper limit can be obtained

precisely and directly.
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Fig. 1 Schematic diagram of reflection-mode

scanning imaging system

SR DARAG BN RGO . B TR AR B GT E R
PR A1A DE BE 1) 7K P R o) B AN T SR DT 1
210 8 4558 3 31 R 0. 89 A1 0. 74 mm,

MTF 7 SR G R i B2 5 0 8 i B2 22 b, Herpil
il B2 Sy

Lo — I
M F L

T Lo 2278 18 B $5 KAAL s Lo 28705 58 Fie/IME

1% 55 1 5L TV 43 B 3 ik 0 0 1E 5% R ) i
1E THz I Bege e s 8, LR BOy A s . A
il 0 BB 43 P i il R B AR A 36 852 1Y
T B 2 Fios . PRk R 3T 40 6 B A 854K vT 3 R
IR Sk 1T B A T 4 B RN 0, [
PR Ry 1y R A O AR AR 000 A 1 15 R o R A
JLAG FR G0 B — 5 A R 1 J5 il MTF,
PN

K2 BESPRNRRRE
Fig. 2 Schematic diagram of Siemens star

T RGN R D7 1m) B T MTF 8
B3R 12 e s, B — XSy 3 21 s i TR 41
Xt e — 4 A 1 23 [RA 3 B — [ e R B
) S BGZ )= 18 5 1 A - e A . i T H
bR R Sy 1 PRI R R R B A R SR % S ]
B 23018 7 I W T o R — DX 0 5 P 5 R A R TR
PR RIS R G AR % D5 18] B J7 P MTF., B Ak
FEANE -

D i oesfE BE s oA g . I Matlab 2

U At o0 5 55 KI5 1 90 B R o = JIT(I)dx it

SR DX b i A B R R O ] B

2) ¥ x—I(x) REFA T r—1(r ) KRN
T —d8 AR r (0 PRI 2 B B i A R R
g3 Bl e, ICp) 1.

3) R oy 12 X, 2 - (A 1 E L 3R
g — DX ) 9 AR 1 SR B Sy X 3 )

W% (f = 5 ) W REH I MTF.
BT 5% % SCHk012] 4 MTE 57 45 5 4 1

D

2nr

1011001-2



T b 4

A 5 A 2 S A i AR o R M S B B

B o e K DI 5 W L % AR S T R R o 7 8 TR
R'CH HIERWR RO KRN

Rmﬁziﬁaﬂ—Rgﬂ+R?D—
T
RS , RO |
O e s } 2)

3 A HERIMR S H S

B F UG 2 B 3 5 06 58 KN Ik K (AR 30y
0. 118 mm) #H5¢ , A4 52 G BE LY 0. 9 mm, B A 43
B /N TEZY 0.3 mm, AR 45 — i B %R 43 B R 0 i
JEOU] S 3G v A i A6 K W BE PR AE 0. 08 mm FffifE. 76
A5 EHOCE S 52 m BE LT 25K AN
B FE AR . Sk T AT B 48 A TR DA T 9
EOCEE R 43 R A 0.1 F 0. 2 mm 44
BT TR,

TR 3 B A MR ARG B2 2 B2 T 23 R 0 A L 119
RN HUA R TR £ AL BE AT B R i o
AR NI BETE R E T R IS RS 20 B AR A AR
PGSR AR B e v

HELL 0.5 mm 8 RO 4 KA AT T A
FHI AR MIE 3 ) PR BB KRN 75X 76 (LA
i KO EAD . i FEG IR ER A2, TR
R ()R AT 14 R ATl R T O AR S R T 4
3 N 3Ca) il B ) R LA B % . Ry T
ROt AR 2SR R T 7R S A S R S R
H R R P 0 £ O O A B Y O ik AT R AL
AR 3Cb) Fran . w1 WLEOL &% £ 3 Y 5 iR
ARG oA . pr A R BOR R Y 2 R
BZAMB KRR S, N »=5.5 mm i & 1] N, 5L
BREROHEM —h .

Bl 3 (a) 0.5 mm &K AL R (b) BG4 B4

Fig. 3 (a) Scanning result with 0.5 mm scanning step; (b) image processing result
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Fig. 4 (a) Imaging result with 0. 2 mm scanning step; (b) normalized reflection at specific circles
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Fig. 5 (a) Imaging result with 0. 1 mm scanning step; (b) normalized reflection at a specific circle
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1.637,1.364,1.273,1. 432 1 1. 685 Ip/mm, LIH
e /MEAFE AR R GER 23 BEAL I 0. 1 mm 422 K
ARG oy B R Ny 1. 273 Ip/mm. XN £ 98 N
0. 393 mm; X 4G 47t e b PR 3148 45 s Y
/NI HRER T

270°

B8 ZEARIE ) A% 43 $ % (Ip/ mm)
Fig. 8 Measured resolution (Ip/mm) in different

directions

H T A R AE S KO 0.1 mm i 0
IARARI I AN E R R R R E
T EE RN MTE i 26 i I 50K B2 . al s/ 45 — B
TE DX Soxt 0L A9 180 08 £ SR LAY 72, 144 LB 2
RS 1 B AR H B IR R DL i x MTF i
ZEAYSRAE . BB b A5 I R R e I S 0 E B RGO
—HBERNREHOCAH D RIATEN. I TIHERIL
SO S 4 Ja ] R A A AR BN 1 R AR AR
AL SRR IEER LS A 3 2R,
i P 3Ch) B T B P15 Ak B D5 3 EAT A E

4 Zh e

K AMT A CO, fhiz s THz oG4 SIFIR-
50 YRR AGOETR . AE 225 SCk 12 )1 2. 52 THz 4t
FH G o PR A o et R B A 2T o R
MH AR AT T 0 BRI 2 SC g i o8 . ARA% T ANy

6] (77 MTE 153 B2 76 3 1 UK J7 10 i
S5 5 SCHRL 1245 AT . A SO 3 7S R 458
M HE Rk 1. 273 1p/mm, %} W 0. 393 mm [ £k Tt .
FIHETE 43 BE 20038 R BE 8 J7 8 b X 3R 58 109 43 P 3
FRPESEATIN L 438 5 00 FRAH [, BE 98 I A5 R SEA1E
Z )71 _F iy MTF, Hi i 3 556058 > R/ P K
R 23 BER 0 L BE 8 B ME A 3 15 ) R e i
PR ERR.

5 £ X
1 Yang Kun, Zhao Guozhong, Liang Chengsen et al.. Comparison
between pulse terahertz imaging and continuous-wave terahertz
imaging[ J]. Chinese J. Lasers, 2009, 36(11); 2853~2858
o B RER, RIRAR SE. BRob oK bR 2% B RS 5 % S Kb 2%
PR G AR LT]. P Bk, 2009, 36(11) . 2853~2858
2 Li Qi, Yao Rui, Ding Shenghui ez al.. Experiment on 2. 52 THz
transmission-mode imaging for concealed objects[J]. Chinese J.
Lasers, 2011, 38(7). 0711001
R, Bk, TREME S P 2,52 THz 3 5 R S5
Wroe(J]. FE# sk, 2011, 38(7): 0711001
3 Li Qi, Yin Qiguo, Ding Shenghui et al.. Simulated continuous-
wave THz image denoising based on Markov random field[]J].
Chinese J. Lasers, 2010, 37(sl): 229~233
A5 B, FRAPEL T HENE S JLF KRB R AL 0 KR 2% 4
g R W STk gf B sT[J]. ¢ Bk . 2010, 37(s1): 229~233
4 Ding Shenghui, Li Qi. Yao Ruie al.. Preliminary study on THz
confocal imaging[J]. Acta Optica Sinica . 2010, 30(s1): s100402
TR, 2w B F S R ILE R e L)
FF IR, 2010, 30(s1): 5100402
5 Li Qi, Yao Rui, Shan Jixin et al.. Preliminary study on 2.5 THz
array real-time imaging and image processing[]]. Acta Optica
Sinica , 2009, 29(s): 84~88
Z m, Bk &, A 4. 2.5 THz i IS RS M 18 14 4k 3
W BEEL]]. e SR, 2009, 29(s); 84~88
6 Mohammed Adnan Salhi, JIoachim Pupeza, Martin Koch.
Confocal THz laser microscope [ J]. J. Infrared Millimeter
Terahertz Wawves, 2010, 31(3): 358~366
7 N. N. Zinov'ev, A. V. Andrianov. Confocal terahertz imaging
[J]. Appl. Phys. Lett., 2009, 95(1): 011114
8 Z. D. Taylor, R. S. Singh, M. O. Culjat et al.. Reflective
terahertz imaging of porcine skin burns[J]. Opt. Lett., 2008,
33(11): 1258~1260
9 Qi Li, Rui Yao. Qiguo Yinet al.. 2. 52-THz scanning reflection
imaging and image preprocessing[ C]. SPIE, 2009, 7277 72770]
10 Yao Rui, Ding Shenghui, Li Qiet al.. Improvement of 2. 52 THz
array transmission imaging system and resolution analysis[]].
Chinese J. Lasers, 2011, 38(1): 0111001
Wk g%, THERE. 45 By 4. 2,52 THz [ M5 B R A% 2 58 ik
E RSy AT P Bk, 2011, 38(1): 0111001
11 Z. D. Taylor, R. S. Singh, E. R. Brown e al.. A reflection
based, pulsed THz imaging system with 1 mm spatial resolution
[C]. IEEE/MTT-S International Microwave Symposium 2007,
2007. 1161~1164
12 S. H. Ding, Q. Li, R. Yao e al.. High-resolution terahertz
reflective imaging and image restoration[J]. Appl. Opt., 2010,
49(36): 6834~6839
13 Li Tiecheng, Tao Xiaoping, Feng Huajun e al.. Modulation
transfer function calculation and image restoration based on
slanted-edge method [ J]. Acta Optica Sinica, 2010, 30 (10):
2891~2897

1011001-5



H | # ot

AR, BN L AR S LT R T 0 2 1 R A% ek 2R B0 and Laser Engineering » 2010, 39(s): 656~660
HREBEIRI]. k% %R, 2010, 30(10): 2891~2897 TRERE, 25 B, #k & 4. THz 3RS RUR 6% 4 38 0 %
14 Ding Shenghui, Li Qi, Yao Rui et al.. Preliminary study on WEWEE[]]. ashE gk T4, 2010, 39(s): 656~660

image processing of THz confocal scanning image[ J]. Infrared

1011001-6



