* Realisation (instrument, antennas, priliminary technical data)
* Specter 9 software for calibration

* Indoor tests on different products (tobacco, sand, Isopropanol2,
sugar)

e Task list; field test on tobacco, temperature tests, etc.




Problems using phaseshift and attenuation of the yW

signal:

* Phaseshift is only defined in a range of O° to 360°
 Attenuation has a small measuring effect

* To detect density and moisture a combination

of attenuation and phaseshift is needed



* As the interaction of material and water is frequency
dependent,moisture and density can be measured

Remark: As the attenuation shows less measuring effect than the
phase shift, the spectrometer is not usable for small quantities of
materials with low moisture.

 Use frequency dependent attenuation instead of phase
measurement



epsilon(real) = reduction in wavelength

epsilon(imaginary) = angle of energy absorption

The loss tangent
tan(delta) = epsilon(imaginary)/epsilon(real)

describes the loss in dielectrics and is the attenuation
measured by the HK9 instrument. The variation in tan(delta)

relates to the moisture content and the bulk density of the
material.



Using a multilinear regression of the absorption spectrum
makes it possible to distinguish between the attenuation
caused by moisture and that caused by density.

The standarisation, used in the HK9 software, also helps
generating a density-independent signal. The first derivation,
dT/Lambda, of the spectrum is one of the possibilities the HK9O

software offers.



Voltage: 115/230 VAC +/-15% 47-65 Hz

Power consumption: 50VA

Operating temperature: -20 - 85°C

Storage temperature:-30 - 95°C

Display: 2*24 character LCD, LED-backlight
Relay: AC 250VA, DC 30V 1A
Current output: 2 * 0/4 - 20mA active output, isolated,

density

max. load 500 Ohm, moisture and



RS485; data output
2400 Baud to 115 kBaud;
8 data bit, 1 stop bit, no parity

Digital inputs: Start/Stop; Product select
Microwave frequency: 1,5 GHz to 3,5 GHz; 50 steps
Microwave power: max: -10 dBm

Sensitivity: -80 dBm; 10 measurements/second






Connection Diagram HK9
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Vivaldi group antenna

Dimension: 160%120%140 mm; L¥B*H [ 4
Material: ABS; IP 65




Radiation pattern Azimuth group

w——2GHz group
w—2 45GHz group

w4 3GHz group

w—2GHz group
w—2 45GHz group

w4 3GHz group

160°




* Calculates the coefficients for moisture and density

* PC based software that communicates via RS232 with
the HK9 instrument
e Calculates up to 6 coefficients for miosture and up to 7

coefficients for density measurement.



Rho=a0 + al1*T1 + a2*T2 + a3*T3 + a4*T4
+ab*Th + a6*H20

with T (1->n) standardised spectrum

Remark: Number of needed coefficients reduces, if
less than 5 wavelength are used.



H¢ jsotagung - Specter? Yersion 1.0.0.

File Communication UndofRedo  Calibration Display Export Data  Info

~a 1:‘- E T
HEEeE F 9 iy @ ¥ Lab wersus HKD

Status HARR=ZR 1.02
COM-Pork: QK. | Calculation: Ok KASS=N 0961
0.90F
Calibration naal
BO: 5.45 El: -9.591759 E2: -13.30405 B3 -3.036403 B4 -0.269627 B5: 0.000000 0.7ar

.72

066

Product:|HzD  » | Mame: | Isopropanolz DLG LED
Standardisation: |dT/Lambda ] 0.54

] 0.4a

Send Calib 042

Calibration quality e Lab & HKS e 'unknown' HKA

=TD: Calibration: 0,070 ST Unknown samples: -Ha- R2:0.600

Calibration qualitsy:

Reference Ceviakion
W1 W2 W3 W WS 01
21.000000 | 17.000000 || §.000000 13.000000 | 9.000000 [E ditReF.HRea I:IREF.HKEI] 3:13
0.07
Sample Wigw ggj
% Comment Wi W2 W3 W4 WS H2O | PH2O | EH2O A 002k
[+] o2.04.13 13:54 54,22 48.03 32.38 3513 36,31 1.00 0,87 | -0.13 -0.05
[#] 02.04.13 13:59 54,22 48.03 32.28 35.59 35.77  1.00 0.87 | -0.13 35'18
[#] 02.04.13 14:12 54,47 48.04 32.54 35.42 36.29 095 0,91 | -0.04 044l
[v] 02.04.13 14:15 54,30 48.00 32.51 35.43 36.27 095 0,93 | -0.02
[v] 02.04.13 14:22 54,70 48,25 32.68 35.38 36.39  0.90 0.84 | -0.06
[¥] 02.04.13 14:24 54,74 48,21 32.65 35.33 36.28 0,90 0.84 | -0.06 _
[¥] o2.04.13 14:27 E5.03 48.47 3274 35.60 36.47  0.85 0,79 | -0.06 L R
[¥] o9.04.13 14:29 54.93 4836 32.64 35.60 3646 085 078 | -0.07 LN A U R NORE ORI Sy T s L
[+] 09.04.13 13:54 S6.64 50,18 3441 3645 3735 100 0,97 | -0.03 %g-;g:. _____ il IS
[#] 02.04.13 14:12 57.09 5055 34.58 37.17 37.46 095 0.95 | 0.00 D065 PR
[#] 09.04.13 14:15 57.07 50.57 34.57 37.39 37.46 095 095 | 0.03 T 050 e S E TR R P T PR
[#] 09.04.13 14:22 57.3% 50.80 34.84 36.99 37.49 0.90 093 003 3;23;--;__1::1:::[::1:::[::1:::[::1:::1
[v] 02.04.13 14:24 57.37 G074 34.76 37.02 37.38 090 0.90 | 0,00 ey B Ry
[¥] 02.04.13 14:27 57.75 G51.11 35.14 37.35 37.92 (.85 0.9 011 P8 2ERrREE a5 S
(o] (o] [ ] (o] (o] [ ] (o] (o] (o] (o] -—
[Vl 02.04.13 14:29 57.71 G51.00 35.00 37.22 37.83 (.85 094 Lopoa ¥ Lak values
’ Delete Sample l ’ Edit Sample ] ’New Sample manual] [ Mew Sample HKS Counk:| ]




B1: -9.891759 B&: -13.30408 B3 -3.036403 B4 -0.269627 ES: 0.000000

. .
e —
| Hzo V| pme: | Isopropanol2 Standardisatio ‘l:lT,l'LamI:u:Ia v ’
y Send Calib

Calibration water T;dT/Lambda ;

— Special ; Linear
P Zalibrakion
\B0: 0.53 B1: -0.006161 B2: -0.002711 B3 0003051 B4 0.027312  BS: 0.01403 ‘
Be: 0.100206
Produc me:| Isopropanolz |Standardisati[|:55
/! | Send Calt l Coeffitions density

Calibration density

alibration quality
STD: Calibration: 0,070 STD: Unknown samples: -Ma- RZ:0.800 l

— V

Statistical parameters; Quality of calibration




Feference

W'l Wi 2 LU ' L] Send Ref.

21.000000 || 17.000000 ||a.|:|nn|:u:|n || 13.000000 || 9,000000

| |Edit Ref. || Read Ref Hia |

Spectra with Lab-values; predicted values and deviation

Wi E Wi 3 ' W3 H

¥ Comment W'l 20 P.H2O | EHZO
09.04,13 13:54 54,22 48,03 32,38 3513 3631 1.00 0.87 -0.13
02.04,13 13:59 54,22 48,03 32,28 3552 3577 1.00 0.587 -0.13
02.04,13 14:12 2447 45,04 3254 3542 36,29 0,95 0,91 -0,04
09.04,13 14:15 o439 45,00 3251 3543 36,27 095 0,93 0,02
09.04,13 14:22 o479 45,25 3265 3535 3639 0,90 0.54 0,06
09.04,13 14:24 o474 45,21 3265 3533 3628 0,90 0.54 0,06
09.04,13 14:27 5503 4847 3274 3560 3647 085 0,79 0,06
09.04,13 14:29 5493 4836 3264 3560 3646 085 0.78 -0.07
09.04,13 13:54 5664 G018 3441 3645 3735 1.00 0.97 -0,03
02.04,13 14:12 5700 G055 3458 3717 3746 095 0.95 0.00
02.04,13 14:15 o707 5057 3457 3739 SF46 0,95 0,95 0,03
09.04,13 14:22 5738 50,80 3484 3699 5749 0,90 0,93 0,03
09.04,13 14:24 5737 5074 3476 FF.02 3738 0,90 0,90 0.o0
09.04,13 14:27 5775 5111 3514 3735 3792 085 0.96 0.11




HES Raw values
a7
a2
76
71
E5
G0

HES Raw values

® HKA Calibrated  ® 'unknown' HKS
® HKA Calibrated  ® 'unknown' HKS

HES Marmalized values

s — tandardisation EE

dT/Lambda T

0186
0.139r
0092+
0.045
-0.002
-0.049
-0.096
-0.143
-0.180

® HKA Calibrated  ® 'unknown' HKS

® HKA Calibrated  ® 'unknown' HKS

T Comparison Lab vs. HK9

0.96¢
0.90r
0347
0.7ap
0.7z
066
060
0.54
0.43
0.4z

Moisture Density

S U U T

s Labh = HK3 & 'unknowwn' HKS

s Labh = HK3 & 'unknowwn' HKS
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e Sand

e Tobacco



Bucket with water diluted witt
|Isopropanol2, 100% to 50%

Changing the distance of the
antennas corresponds to density

variation




Lab
1.02

096
030

0G4+
075}

0.7

0 .66
.60

.54
.45
.42

versus HES

@ |akbh «HKY = 'unknowwn' HES

|Isopropanol?

dT/Lambda Correlation=80% STDeviation=7%
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N . . T, T L. . A T,

Lab wersus HES

83
A

74

A0
=t

Bl

=T
a2

A5
43
g9t

@ | ab =« HKE3 = 'unknowwn' HES

|Isopropanol?2

Correlation=99,1% STDeviation=0,012=0,48mm
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that fits for both
SEensors.

. Calibration 50mm
spacing

. Calibration all
values bOmm and
/5mm spacing

. Calibration
extreme values
high/low




He{supartagung - Specter? ¥Yersion 1.0.0.

Filz=  Communication Undo/Redo  Calibration Display  Export Daka  Info

= = F T:
H L=+ % ~T ‘} rir BB W Lab wersus HES

Skatus 101F-

H
COM-Port: 0K, | Calculation: Ok, K 04

I . a7
Calibration a0

BO:-191.95 El: 176.3240 BZ: 31.04700 B3 210.0511  EB4: 91.41023  ES: 0.000000

Produck:|HZo | Mame: | zucker S0/75 DL

Standardisation: | dT/Lambda |+ ]

Send Calib

Calibration quality
STD: Calibration: 0.500 STD: Unknown samples: 17,099 RZ:0.995

Reference Calibration quality:

Deviation
Wl Wz WS W WS e
10.000000 | 25.000000 | 1.000000 20.000000 | 10,000000 [Edit ReF.”Read REF.HKQ] _115
17
Sample Yiew -33
x| Comment Wl W2 W3 o W5 | H2O  P.HZO | EHZO | 54
12.04.13 14:50 59,52 52.76 37.53 39.02 39.51 10.., 09,68 | -0.32 -40
12.04.13 14:51 59,58 52.60 57.53 39.04 3951 10... 100044 0.4 :gg
12.04.13 14:54 50,96 53.03 37.76 39.26 39.60 97,50  97.54 0.04 =q
12.04.13 14:55 59,97 53.06 37.77 39.27 39.62 9750 9718 | -0.32 ® Calibrated ® Lincalibrated
12.04.13 14:58 60,30 53.34 37.95 392.45 39,71 9500 9486 | -0.14 —
12.04.13 15:00 60,36 53.33 37.98 39.48 3972 95.00 95.10 0.10 101 0
12.04.13 15:07 60.68 53.57 58.17 39.69 39.86 9250  92.65 0.15 ggﬂz_
12.04.13 15:07 60.67 53.58 38.17 39.71 39.84 9250 9219 | -0.31 @ 803
12.04.13 15:10 60.98 53.85 38.37 39.91 39.99 90,00 89.69 | -0.31 z 2
12.04.13 15:11 61,01 53.87 38.37 32.91 392,99 90,00 8965 | -0.32 @ 596
12.04.13 15:13 61,32 54.14 38.56 40.10 40,11 87,50 8736  -0.14 25 Eg'g' !
12.04.15 15:13 £1.31 54.07 38.54 40.08 <0.10 &7.50  &5.15 0.65 359t ‘;.il 0o
12.04.13 15:15 61.60 54.30 35573 40.28 40.22 &5.00  §5.97 0.97 920 -2 -- J“’.:.
12.04.13 15:18 61.62 54.32 38.73 40.28 40.24 ©5.00 85.86 | 0.86 R I B =
- - o oo o oo [=z] o (=] (=] —
[« 12.04.13 15:22 62,27 54.77 39.08 40,69 40.39 8250 81,90 | -0.600 ¥ Lab values
[ Delete Sample ] [ Edit Sample ] [New Sample manual] [ Mew Sample HED ] Counk: ] s

Calibration for 50mm sensor; O to 27 Bx



101
94

=1

il
i3

=T

=1l
23

45
34
32

Lab versus HES

®lLab s« HK9 =

'unknowyn' HES

Calibration for 50mm sensor



HES Raw walues

=
4
7o
66
62
a8
a3
43
43
41
37

show two groups, too.

® HKA Calibrated * 'unknowen' HES

The amplitude of the
two groups changes

TKD-_:J Mormalized values I from + to -. As the

05 graps cross each other
E% it is possible to

s combine them into one
e calibration.

-0.3

0.4

& HE9 Calibrated ® 'unknowen' HKS




File:

Skatus
COM-Port: O, |

Calibration

Calibration quality

Reference

He{supartagung - Specter? ¥Yersion 1.0.0.

Communication  UndofRedo  Calibration  Display  Export Data

H=sE F &

Calculakion: Q.
BO; -215,33 El: -69,37059 B2 311.1459 BI:

Produck:|H20 | Mame:

STD: Calibration: 2,106

Info

rir BB ¥

Lab wersus HES

R=R 102
SEN 93
=513

HA
KA

1367.540

BES: 0.000000

1012274

E:

zucker S0YTS DL

D &0

Standardisation: | dT/Lambda |+

Send Calib

STD: Unknown samples: 1,619 RZ:0.935

Calibration guality:

Deviation
w1 W2 W3 W W5 ! —————
10,000000 | zs.000000 || 1.oooooo || zo.ooooo0 || 10,000000 [E - ReF.”Rea - REF.HKQ] 12:; _______________
1.0--% -------
Sample Wi g? - -E """""
x| Comment wi| wz| w3 w4 WS| HzO0 P.H2O| EHzO A Iy B
10,04,13 15:39 72,97 6409 46,73 45,70 45.09 90,00 9162 | 1,62 2
10.04.15 15:40 73.59 £4.59 47.14 47.10 45.42 &7.50 8542 0.92 j'f:::::::'_::::
10.04.13 15:42 73.87 64.64 47.27 47.20 45.47 &7.50 8554 | 1.04 | .
10,04,13 15:44 74,06 6£4.91 47.57 4751 45,75 8500 54,34 | -0.66 * Calibrated * Uncalibrated
10,04,13 15:45 74,60 65.17 47.65 47.60 45.80 8500 8471 | -0,29 o Vim
10,04,13 15:47 74,64 65.42 47.98 47.57 46.05 8250 8345 | 0,95 e e e e e g
10.04,13 15:48 75.46 65.45 48.08 45.03 46.17 8250 79.564  -2.86 gg-ﬁf"*'"l'"f"*'""J"'-L"*"#"
10.04.13 15:51 76.02 65.81 48.50 48.37 46.33 S0.00 Fa2.15 | -0.82 @ g36|
10,04.13 15:52 76.20 65,91 48.54 48.45 46.41 80,00  7S.66 | -1.34 T ool
10,04,13 15:54 76,91 66,33 48.095 48,74 46.63 7750 s80.82 | 332 T L R D N S
1 letet 77.19 6633 49.05 48.92 46.76 7700 7EST  -0.43 T G2
[ letzt 77.39 6637 49.15 48.96 46.81 77.00 7635 | 0,64 765
[ 10.04.13 16:06 77.11 66.26 49.20 49.00 46.86 77.00  74.93  -2.01 4 O =
[] 10.04.13 16:08 77.62 66.55 49.14 48.93 46.82 77.00 7767 067 R I B =
- - o oo o oo [=z] o (=] (=] —
[ 10.04.13 16:24 77.21 66.42 49,10 48.87 46.75 7700  79.30 | 230 ¢ Lak values
[ Delete Sample ] [ Edit Sample ] [New Sample manual] [ Mew Sample HED ] Counk: ] s

Calibration 50mm and 75mm; all samples



H = &

Skatus

Calibration

EO:-219.71

He{supartagung - Specter? ¥Yersion 1.0.0.

F rir BB ¥

COM-Port: 0K, | Calculation: Ok,

El: -55.19203 B2: 319.4107 B3

1021,306

Filz=  Communication Undo/Redo  Calibration Display  Export Data

E:

Calibration

Reference
W' 1

Produck:|HZo Name:| zucker S0YTS

[

Send Calib

quality

STD: Calibration: 1.642

W2 W3

W

WS

]

STD: Unknown samples: 2,270

Info

1400, 463

H
K

BES: 0.000000

|Standardisatiu:un: dT/Larmbda EE;

rRZ:0.974

| 10.000000 || 25.000000 || 1.000000 || 20.000000 || 10.000000 | [E-:Iit — ”Read — ]

[ Mew Sample HED ] Cu:uunt:

Sample Yiew

x®  Cammenk ' 1 W' 2 W' 3 wy'd WS H20 P.HzZO | EH2Z0 |
El 12.04,13 15:10 60,98 53.85 35,37 39.91 39,99 90,00 57.75 -2.25

D 12.04.135 15:11 61.01 53587 35.37 3539.91 39.99 490,00 87,93 -2.07

D 12.04.13 15:15 61.32 54.14 35.56 40.10 40,11 &7.50 85.95 -1.52

|:| 12.04,13 15:13 61,31 54.07 38,54 40,08 40,10 &7.50 85,55 -1.,95

D 12.04.13 15:158 61,60 54,30 38,73 40,28 40,22 35.00 82,78 -2.22

El 12.04,13 15:15 6l.62 54.32 358,73 40,258 40.24 35.00 2,36 -2.64

D 12,0413 15:22 62,27 5477 39.08 40.69 40,39 SZ2.50 Fa.01 -4.49

D 12.04.13 15:22 62,25 54,72 39.08 40.69 40,39 SZ2.50 FF.46 -5.04

|:| 12.04,13 15:26 62,64 55,13 39,32 40,93 40,52 30,00 7706 -2.94
12.04,13 15:26 62,59 5508 39,32 40,93 40,51 30,00 76,89 -3.11

El 12.04,13 15:30 62,94 55.39 39.54 41.11 40,60 7F7.50 F5.51 1.01

D 12.04.13 15:30 62,95 55,32 39.53 41.17 4060 7F7.50 F6.53 -0.67

D 12.04.13 15:36 63.36 55.72 39.75 41.32 4073 75.00 FFI3S 2.33

D 12.04,13 15:36 63.27 55.60 39.75 41.34 40,73 7F5.00 F5.29 0,29

[+] 12.04.13 15:39 63,29 5E.67 3978 41.35 40,72 TF5.00 Fr.20 220 v

[ Delete Sample ] [ Edit Sample ] [New Sample manual]

Lab wersus HES

102
99

96}

94

e lgbh & HKI & 'unknowwn' HKS

Calibration guality:
Drewiation

® Calibrated ® Uncalibrated

102 0FF--1--=---r--=---r=-=-9---F=-=T1T-=-==-~-

HED values

Calibration 50mm and 75mm; extreme values



102

=
91
g5

g5
g2

&0
77
74

Lab wersus HES

g} - #
6} - -

ol abh «HKI @ 'unknown' HHS

Lab wersus HES

102
99

9! - -

ag
a1

g

g3
g2

i)
77
74

o Lab = HKI & 'unknowen' HKS

e extreme values

Remark: The multilinear
regression does not
predict values that are
outside the range used
for calibration!






HK9 Sand




(0}

Density; the weight of the plastic pan filled up with the sand
was taken as density value. The variation in weight was 28 kg
to 37,7 kg sand. Only one sample had 20 kg.

The sand was splitted into three parts, water was added and
the moisture analyzed. After that two parts were filled into the
pan and measured. The third part was added in three portions

to give the density variation.

The layer thickness of the sand changed from 10cm to 14 cm.



He sandiagungdensity - Specter? Version 1.0.0.

File Communication UndofRedo  Calibration  Display  Export Data  Info

= = K T
EH = = T A U M Lab wersus HES

Status HARREZR| 1
COM-Pork: 0K, | Calculakion: O, KASS=N 10

Calibration

BO:5.15 El: 5.104699 E2: -1.649854 B3 13.9862% B4 15.01647 B5: 0.000000

Product:(Hz % | Mame: | sand wivaldi DLG

Standardisation: v O]

gend Calib

Calibration quality #lab «HKS & 'unknowwn' HKS

STD: Calibration: 0.614 STD: Unknown samples: -Ma- RZ:0.936
Reference Cﬂf;;t,!;zquahw:

W1 Wz W3 W4 WS

40,000000 | 10,000000 || 10,000000 || 10,000000 | 10000000 [E ditReF.”Rea dRef. HKL:J]

Sample Wiew

x| Comment Wi W2 W3 W4 WS H2O | P.HZO E.HZO A

[] 1&8.04.13 15:58 44,98 42.06 31.52 30,29 30.16 0,99

[ 1&8.04.13 15:59 45,55 41,55 30.75 31.69 30,77 0.28

[] 1&8.04.13 16:05 45,25 40,69 20.88 3253 30.84 -0.16

] 153.04.13 16:08 45,21 40,60 30.24 31.94 30,09 0,65 » Calibrated ® Uncalibrated
158.04,13 16:12 45,37 40,65 30,96 31.31 29.59 1.38 1.53 | 015 WY View

158.04.13 16:17 45,73 41.34 30,73 30.26 28.59 1.38 209 | 0.7 | ey e s ey g e s i s Y
[v] 19.04.13 05:43 44,83 41.92 31.21 30.14 3011 0.00 075 075 e i it bl Rt Sl Rl et Rl
19.04,13 08:57 52,09 46,20 34.40 3222 2855 462 5,59 1.27 @ 2 R
19.04,13 08:58 52.33 45.05 33.15 3225 2847 462 5.25 | 0.63 =

19.04,13 09:03 5057 43.48 33.04 3025 28,16 4.62 4,91 0.29 E

19.04,13 09:05 50.02 43.04 3290 3103 29.05 462 5,08 | -0.64 z

19,04,13 09:10 49,95 44,04 32,97 30.71 29.24  4.62 365 | 0,97

13.04,13 09:12 50,38 44.75 33.76 3113 29.39 4.6 4,16 = -0.46 _

19.04.13 09:16 49,78 43.21 31.79 29.19 27.62 4.6 4,15 = -0.44 R T A R =
[w] 19.04.1309:17 49.66 43.21 31.92 2937 27.74  4.62 4,15 | -0.44 ¥ Lak values
’ Delete Sample l ’ Edit Sample ] ’New Sample manual] [ Mew Sample HES Counky | ] ow
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He sandiagungdensity - Specter? Version 1.0.0.

File Communication UndofRedo  Calibration  Display  Export Data  Info

= = K T
EH = = T A U M Lab wersus HES

Status HARR=R 36
COM-Ports O, | Calculakion: QF, KASS=N 34
3.3

Calibration 31
B0: 5.00 El: 0.064408 B2 0.061495 B3 -0.228291 B4 -0.173749  BS: 0206677 3:0
B&: 0.063544 aal

Product:|Rhoz  »* | Mame: | sand wivaldi ctandardisation: - IZI)I_jS

gend Calib

s Labh = HKI & 'unknowwn' HKS

Calibration quality
STD: Calibration: 0,164 STD: Unknown samples: -Ma- RZ:0.735

Calibration guality;
Refsrence Dewviakion

W1 W2 W3 We WS Send Ref, 0.47

40,000000 || 10,000000 10, 000000 10,000000 || 10,000000 [Edit Raf. ”Read Ref. HK‘_:J] 3319
0.23
Sample Wiew g;? |
¥ | Comment W'l W2 W3 Wifd WS Rho  PH2O| P.Rho E.Rho 0.0

18.04.13 ... 44,98 42.06 31.52 30.29 30.16 0,99 3.08 -0.09
16.04,13... 4555 41.55 30.75 51.69 30.77 0.28 5.10 g;_;
15.04,13 ... 45.25 40.60 29.55 5253 30.54 0,16 5.07 033

]
]
]
|:| 15.04,13 .., 4521 4060 30,24 31,94 30,09 0,65 2,95
15.04,13 .., 4537 40,65 30,9 31,31 29.59 277 1.53 2,88 011 W Wi
15.04,13..., 45758 41.34 30,73 3026 28.59 2,99 2.9 2,98 -0.01 3 EFT
|:| 19.04,13 ..., 44,83 41.92 31.21 30,14 30,11 0.75 309 34
19.04,13 .., 52,09 45,20 3440 32,22 2855 Z2.69 5.89 2,70 0.01 mg'
19.04,13 .., 52,33 45.05 33,15 32,25 28.47 2,70 525 2,91 0.21 53:
19.04,13 .., 5057 43.48 33.04 30,25 28.16 2,90 4,91 301 011 E%
19.04,13 .., 5002 43.04 3290 31.03 29.05 2.90 398 303 0.13 %2
19.04,13 .., 4995 44,04 352,97 30,71 29.24 311 365 316 0,05 2.
19.04,13 ... 50,38 4475 33.76 51.13 29.39 5.11 416 301 | -0.10 g:,:,_ S O O S AU N N
19.04.13 ... 4976 4321 3179 29.19 2762 340 418 330 | -0.10 SR
[w] 12.04.13 ... 49.66 943.21 31.92 29.37 2Z7.7¢ 3.40 4,18 3.26 014 ¥ Lah values
’ Delete Sample l ’ Edit Sample ] ’New Sample manual] [ Mew Sample HES Counky | ] ow
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15cm to achieve good resulution and accuracy.

It is possible to measure the amount of material positioned
between the antennas. This relates to density and load.
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tobacco
* Cutted tobacco: weight 2700¢g; moisture 10%

e Tobacco leaves: weight 2500g; moisture 16,5%
* Density lab value is weight of tobacco with cardboard box

In order to generate different moisture and density values, the
tobacco leaves were put into plastic bags that were added to
the cutted tobacco. (side by side or laying upon each other)
Time for absorbing water: at least 2 hours






H¢ tobaccotagung - Specter9 Version 1.0.0.

File Communication UndofRedo  Calibration  Display  Export Data  Info

= = K T
H = = T U M Lab wersus HES

Status HARRZ=R 26
COM-Pork: 0K, | Calculakion: O, KASS=N 23
21

Calibration 18
E0: 20.47 El: 23.58084 EZ:-0.689391 B3 -6.066230 B4 -3.248852 BS: 0.000000 16
13
10

Product:|Hz | Mame: | offsetvivaldi DLG

Standardisation: v O]

gend Calib

Calibration quality #lab «HKS & 'unknowwn' HKS

5TD: Calibration: 1.621 STD: Unknown samples: -hla- R2:0.683

Calibration guality;
Dewviakion

Reference

'l Wi E W' 3 Wil WS Send Ref,

42.140000 || 40.540000 || 25590000 || 25,530000 | 258.250000

|Edit ref. | [Read Ref. Hia |

Sample Wiew
¥ Zomment Wl WE W3 Wig W5 H20 P.H2O  EH20
karton 42,26 40,77 25,87 25.68 28.61 0.00 0.74 0.74

kartan 42,17 40,71 25,91 25.85 28,58 0.00 0,54 0.54

42.60 41,20 25.86 26.14 28.563 12,50 13,93 1.43
Old— 42.85 41,30 26.25 26,27 28.54 1250 14.60 [ 210  Calibrated ® Uncalibrated
47,76 #41,28 2613 26,23 @850 12.50 2.2z | -0.28 WY View
Combination of-cutted:» e
47.95 41.43 26.29 2535 28.82 1400 17.57 | 3.57 %g-g
tobaceo ana:tovaceo == o il
neW 42.74 41,28 26.03 26.20 Z28.68 14.00 1586 1.86 %1%3
Iea‘zgga.na 27.31 26,89 29,55 13.00 1595 2.9 D10 4}
43,90 42,80 27.23 2695 29,17 1300 1221 | -0.79 T 75
44,02 42,90 27.19 26.88 29.87 13.00 1459 1,59 g;g:
44,34 43,13 27.3¢ 27.17 29.10 13.00 1275 | -0.25 0.
43.56 42.23 26,56 26,89 29.27 1500  16.84 [ 0.84
43.69 42,28 26,74 26.89 29.05 16.00 1621 0z ™
’ Delete Sample l ’ Edit Sample ] ’New Sample manual] [ Mew Sample HES Counky | ] ow
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H¢ tobaccotagung - Specter9 Version 1.0.0.

File Communication UndofRedo  Calibration  Display  Export Data  Info
H=z& F & e B W
Status HARREZR
CoM-Port: OKL | Calculation: OK. KASSSN
Zalibration
BO: 0,13 El: -0.,204423 B2 0,323003 B3 0,319120 B4 -0.420258 BS: -0,096551
ES: 0.018132
Product: |[=l5aes « | Mame: | offsetyvivaldi standardisation: | T - IZI)I_jS
Send Calib
Calibration quality
STD: Calibration: 0,059 STD: Unknown samples: -Ma- RZ:0.866

Lab wersus HES

0.8z
0.54
0.76
0&7
.29
0.1
0.43
0.35¢
0.26
015 -
010 --

o lab = HHKO & 'ynknovwn' HKG

Calibration guality;

Dewviakion

016
013
011
0.05
0.06
0.03
0.0a
-0.02f
-0.05F
-0.07
-0.10

Reference

W'l Wz W3 W' Wa
42.140000 || 40,540000 || 25,590000 22.580000 || 25,250000 [Edit Ref. ][Read Ref. HK‘_:J]
Sample Wiew

¥ | Comment W'l W2 W3 Wifd WS Rho  PH2O| P.Rho E.Rho
kartan 42,26 40,77 25,87 2568 28.61 0.10 0.74 0.19 0.09
kartan 42,17 40,71 25,91 25,85 28,58 0.10 0.84 0.14 0.04

alt 42,60 41.20 25,86 26.14 28.63 0.3a 13.93 0.29 -0.09

alk 42,85 41,30 26,25 26,27 258,54 0,38 14.60 0,35 -0.03

alt 42,76 41,28 26,13 26,23 28,50 0,38 12.22 0,34 -0.04
neu 43.15 41,77 26,51 26,39 28,77 0.35 13.38 0.48 0.13
neu 42,95 4143 26,29 26,35 25.52 0.35 17.57 0.35 0.00
neu 43.02 41.71 26,31 Z6.48 Z8.86 0.35 13.86 0.37 0.0z
neL 4274 41.28 26,03 26.20 28.68 0.35 15.86 0.34 -0.01
alt+neu 44,30 43,03 27,31 26,89 2955 0.63 15.95 0.58 -0.05
alt+neu 43,90 42,80 2723 26,95 29,17 0.63 12.21 0.59 -0.04
alk+neu 44,02 42,90 27,19 26,88 29.57 0,63 14,59 0,55 -0.05
alt+neu 44,34 43,18 2734 2717 29.10 0.63 12,75 0,58 -0.05

alt 43,56 42,23 2656 26,89 2927 0.40 16.54 0.34 -0.06
[w] alt 43.69 42,28 26,74 Z6.89 29.05 0.40 16.21 0.40 g.oo v

’ Delete Sample l Edit Sample ] ’New Sarple manual ] [ Mew Sample HES
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The amount of water between the antennas correlates to a layer
thickness of less than 5mm.

Sample taking and manufacturing is difficult. Moisture variations
inside the product of more than 2% had been observed.

Positioning the cardboard box between the antennas sometimes

gives stupid measuring results, especially when the wall of the
box can affect the measurement.



Which is the most usefull standardisation?

Positioning of the antennas?

Test with waveguides to find out the temperature dependence of
the measurement.

Question: Is it necessary and possible to compensate the product
temperature?

Test on other products, for instance sand on convayor belt.



™ HARRZR

KASS=N

Thank you

for your attention!

Harrer & Kassen GmbH
Geschaftsfluhrer Dr. Dipl. Ing. Horst Harrer
Am Heschen 4-6
75328 Langenbrand
Germany
Tel.: +49 (0)7084/9248-0
Fax: +49 (0)7084/924829



