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Abstract: To design the optimal protection scheme for cultural relics of different materials and
production techniques, the cultural heritage scientists are in constant search of the most effective
nondestructive testing method for the overall survey of the cultural relics. Due to the unique properties of
terahertz wave's low energy, strong penetrability for non—metallic and nonpolar substances, simultaneous
measurement of amplitude and phase information, strong anti—interference capacity, etc., terahertz
technology has been gaining an edge over other conventional nondestructive testing methods. In this
review paper, the latest progress of terahertz technology applied in nondestructive testing of cultural
relics are introduced, and the terahertz spectra characteristics of various cultural relics materials are
illustrated. The principle and characteristics of terahertz imaging detection technology are expounded.
The key issues in the application of terahertz nondestructive testing technology for various cultural relics
are discussed, and the most successful and representative application examples of terahertz technology in
cultural relics science are listed. Finally, we present the developing trend of terahertz nondestructive

testing technology in the field of cultural relics.
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(a) change of colours by varying particle size, and an example (b) spectra for azurite obtained using pelletised samples that
in the masterpiece "Irises at Yatsuhashi" were observed via THz-TDS"

Fig.1 Influence of pigment particle size on THz spectra
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(j) natural arsenic (As) pigment
Fig. 3 Terahertz spectra of common mineral pigments
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Fig.4 Terahertz spectra of natural dyes and artificial dyes
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(d) artificial polymeric binders (e) artificial cellulose-type glues
Fig. 5 Terahertz spectra of binders
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Fig. 6 Panels(a~d) are the reflected terahertz pulses from various locations on the medallion, the positions that correspond to each measurement are marked
on panel; (e) it is easy to see that the area where points (a~c) lay presents an internal air gap that generates an echo 35 ps to 45 ps from the surface,
which corresponds to 2.3 mm to 3.4 mm from the surface. The measurement at point (d) shows that the stone is solid and has no internal structure at

that position, a dashed line approximately delimits the damaged area; (f) photograph of the measurement process at position (c), the measurement
point is indicated
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(a) the transmission spectra of the samples (b) the details of the transmission spectra at 0.7~1.2 THz
Fig.7 Terahertz spectra of the weathered sandstone samples in Yungang Grottoes
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Fig.8 The diagram of detailed process for predicting hollowing deterioration thickness application of the SVM—HDPM!!
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Fig.10 Terahertz absorbance spectra, refractive indices and absorption coefficients for bistre, ivory black, sepia and lamp black pigments, measured in
transmission from 400 mg pellets with a mass ratio of pigment to polyethylene of 10% (lamp black: 1%)1*!
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Tablel The important advantages and disadvantages of various commercially mature imaging technologies and THz-SIT""!

imaging technique advantages disadvantages
high penetration depth ionizing radiation
X-ray low cost no chemical specificity
relatively fast capture ~ minutes low resolution ~ 0.01 mm
non-ionizing no chemical specificity
ultrasound low cost low penetration ~ cm
fast capture ~ seconds low resolution ~ 0.01 mm
unlimited penetration high cost
magnetic resonance non-ionizing slow capture ~ hours
high resolution ~ 0.001 mm lack of sensitivity in thin tissue
non-ionizing high cost of the system
THz spectral imaging high chemical specificity slow capture ~ minutes to hours
limited penetration through dielectrics image contrast is dependent on environmental conditions

#2 PR THZ IR R GE19 A

Table2 Comparison of two THz imaging systems!”

pulse imaging system CW imaging system
theory and process record intensity and phase of THz wave edge scattering only record intensity
resolution high (under 1.1 mm) low (2.6 mm/0.2 THz)
noise small big
image speed slow fast
information quantity big small
application image identification, hidden objects nondestructive test security
price expensive cheap
complexity complicate simple
portability/kg 100 2
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Fig. 11 Virgin with Child and a Saint, 14th century icon (32 cm*39 cm*0.8 cm), Public Library in Taormina, Sicily.
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2) WAT 2zl o SCAKE R, RO WUAG A0 A& A8 B, 0 EL AT LAY & 8 T iz b, im0 50T I A6 LA A AR
VB 4 1) S 4% o MIRE AR, WA X THz Y63 I WY, 2006 4F 25 R FH 3% 5F X THz-TDS X i #i i £ 3/ 17 T THz
R 3T, THz 8 565 A0 B R G WU IR A 28 1 1 2 b (P 30 40 16 o5 sl Rk 3 5 1) JI s 2 T ) R Bk B T 1 R I A
I o BIRZLAN UG AN X S 204 52 2 X JE SO O AR I B9/ e D7 0, H THz $OR HA M8 L0 A1 6 56 vk B 4P 1 o i
PR X 55 4Rk T AN H 2 (TR BE 3 Bk 00 o B — OO0 R AR 2R AT THz A I AT LB 39 21 2008 4F, - Abraham 45 F1 H 52 4f
3\ THz-TDS WA I 1 A [R] BURHE 5 T B9 A s B 22 0 an i 12 s, IR 2 BUREZ: il 9 i 1 5 e 5 =X
THz-TDS B GG I I W 4 5 30t R B9 o Ay 52 ml LU LL AP R AG I, AR (X 040 E B, THz K I 850 4

3) AF B . [ 2008 4, THz MR 0] LLSEE T 1 om VR BE A E I ST HiR BB, FF g 1 X 8 6 oy il i (9 0
PLEE W TR R IKPE A BE AT SE . TR 13 % 13 TR 22 Y 3 A BE I g B A I P, R A% 3 A Y e BT THz-
TDI 3 6 A AT 1 B 7 B ol g A 00, B ik v Bl y 2R84 | 5 090348 )2 I A A R B AR (A0 BT 1) A T SR B 4T
SRR T B )2 RO VRN % L 0T A O A B R RS R THz A9 B T TR DU B ok R A BE 7 O
S BE X T LL A AR R AN 3B W AT

4) WA b I G R R p AR G A Ry R A, R T JE R M EE /N T 0.2 mm JEE JE Y 42 2 25 A



166 ABEHEE5RTFEEFE 521 %

1 £ THz AH T )2 1 AR B R AT 68 2 25 Fh T 40K I 7 vk v e A R D ik 590 ) THz ik o s 38 B 15 42 R X 1626
FEPESE - KR (Simon Vouet) () —E I m (& ZEPG W) SEATRI, A 14(a) T o 78 356 X R ) ) — LR m)
LR 2R 2%, IXEEER AR WOR T AR )2 MR . BBAh, IR A SR R R 2 5 WU A A AR — IR R A, 4G
BB E &N — A R A R A B RE . SCYE S 0T W T 5 R T M s, AN AR M, A
E 14(b) i, B2 45 S A8 THz 8 0E EE b g ool W i 5 2 Ao 19 2 w45 8t s LR RS LA R, (H I
WA AS ] P

Y/mm

0 4 8 12 16 0 4 8 12 16
tlps tps
Fig.12 (a) photograph of the front surface of the painting on which the six raw umber strokes, hidden underneath the lead white, have schematically been
drawn. The dashedlines represent the location of the line scans of which the results are shown in (b) and (c)
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(a) Chartres Cathedral, France; (b) Riga Dome Cathedral, Latvia (¢) Chartreuse du Val de Bénédiction, France
Fig.13 Photographs showing experiments being conducted in three mural scenes
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THz reflection image

(a) area image around the face

7

surface |

|

image of the top canvas

image of the bottom canvas

" i

(b) cross—section and area image at the connecting part between the two canvas sheets

Fig.14 THz pulsed TDI of an oil painting on canvas, “Santa Cecilia”
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(a) investigation areas 1 and 2, (b) overlay of CT-scan and
each measuring 120 mmx120 mm, photographic images
are highlighted in the figure

Fig.15 Mummy of Kharushere (MMA 86.1.35, Funds from Various Donors, 1886), Kharushere lived during Egypt’s Dynasty 22 (ca. 945-712 B.C.)
F15 REHURATI (MMA 86.1.35) , REBURAR IR AEIR K5 22 T 9 (ZATTRT 945-7124F)
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2 layers of outer bandage, folded lengthwise
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(b) B-scan of the line a-a’

Fig.16 THz reflection images and an output signal waveform of the mummy of Kharushere, Area 1

B 16 1 XREBURA T THz 5T G R S ST (K5 1)

Fig.17 (a) The lacquered screen belonging to the Queen collection. The white square localizes the first scanned area; (b) the first scanned area; (¢c) THz
peak—to—peak image; (d) false color rendering realized by placing the frequency intervals 0.06~0.28 THz, 0.53~0.65 THz, 0.86~0.93 THz
respectively into the red, green and blue channel. The white square localizes the anomalous area; (e) relevant detail of the previous image
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(a) (W) O (d)
Fig.18 (a) composite optical and terahertz transmission images of a sealed Egyptian clay vessel at 0°; transmission projections of section of vessel at (b) 0°;
(c) 20°; and (d) 40°¢!
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Fig.19 (Upper left) Bronze Egyptian figurine (Osiris inv. 5458); (upper right) echo pulse image and THz signals reflected from bronze beneath corrosion
layers, and from a mineralization area with high stratification; (bottom) LIPS elemental depth profiles on three sites in correspondence of THz
measurements with different degrees of corrosion!'"”
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Effective integration of the conventional testing methods
to realize the customized detection for cultural relics on demand

Accelerate the speed of THz data acquisition
to provide real-time detection results of cultural relics

Miniaturization and portability of the THz detection system
Portability 4 to realize on-site detection of cultural relics

Develop high performance, low cost THz devices

Economically to reduce the price of THz detection system

Fig.20 Future prospect of the application of THz nondestructive testing technology in the field of cultural relic protection
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