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Table 1 Receiver channel specifications of MWHS-3B

*£1 MWHS-3BEKHIBEESH

i RS btk i NEAT AR RE %%ﬁﬂidﬁﬁ 3dBH R SEIR BN AE
/GHz /MHz /K /MHz B % TEIE/) /K
1 150 \% 1000 11 50 =93 1.1 3~340
2 150 H 1000 1.1 50 =93 1.1 3~340
3 183.31+1 H 500 12 30 =95 1.1 3~340
4 183.31+3 H 1000 1.1 30 =95 1.1 3~340
5 183.31+7 H 2000 12 30 =95 1.1 3~340
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Table 2 Band correction coefficients for MWHS-3B

i 150-1 150-2 183-1 183-2 183-3
bo -0.000 392 -0.000 381 -0.000 073 —0.000 340 -0.007 791
b 1.000 067 1.000 065 1.000 010 1.000 048 1.001 380
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Table 3 Measured emissivity of the cold and hot targets

Wil A BT 5
150-1 0.999 2 <0.000 3
180 0.999 4 <0.000 3
183 0.999 3 <0.000 3
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F4 150 GHzHAMRESITER
Table 4 Cold and hot biases’ statistics at 150 GHz

IF /K PR/ IR /K ARE/K iR/
CHI CH2 CHI CH2
277.18 276.47 94.98 -0.608 4 -0.5750 -0.282 7 -0.1200
287.40 287.82 94.18 -0.4417 -0.453 5 -0.178 5 -0.024 7
295.59 298.35 95.78 -0.244 4 -0.172 7 -0.1930 -0.043 5

£5 18331 GHzMAHIRESITER
Table 5 Cold and hot biases’ statistics at 183.31 GHz

. N N PfmZzE/K A 2E/K
IFRE/K IR /K BRI /K
CH3 CH4 CH5 CH3 CH4 CH5
275.40 277.45 95.03 0.207 7 0.1622 0.1013 -0.027 7 -0.2171 -0.179 8
285.41 288.80 92.24 0.239 8 0.226 2 0.1617 -0.305 6 -0.3240 -0.290 8
295.57 299.78 94.95 -0.010 7 -0.026 5 -0.066 1 0.123 4 -0.070 8 -0.126 7
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TE i 2= TRLE R — el 3 s 3 2=t 2 — kLG 22

B IS E RS, Al RERIN AR, IHELER . RYSAFEF55(2009) IRFFELER S5
A8 =T, BN A IS I B4 A T B P 78l kPR R R S A T I B A A 2 S I RS A A R T

38 HETIRERF



FEAETRERA R | AR R 1 e IR 115 S iR
UG TR I8 1 25 s SR AR AR 114 9 /3 LU R IGJ8 A
PRI R RS o X T H R A R R, WA SR
T BE A 293 K, T 22 AR L EE 43591 oh 80 K T 330 K
I, LSS0 BE 43 1M 80.74 K 1 329.64 K, i 2243
R 0.74 K F1-0.36 K, X B8 2 {38 AR B3 2R
BEAb T 2 g 5 R RIS B . AR ZS
SEFRITRE A, VR AR R AR AR R TR T
VEIRBE R 95 K, 5 RDTTE SAHT 5 177 PR AL F 18 2
TSR EE N, 5 ] R Sl 3 25 S ARV, Rl e
PIRBI R AR ZER /N, R, FR iR 22 2 AR
A1) e 25 B 55 ) LA 5 IO/ AR R A Imivg
PR 222 ] DL 20, K8 945 T 150 GHz
F1 183 GHz A []3d 18 A [F1ELE F I 22 305 45
ATLAE Y, SR BIG IR 25 AT 0.1 KA, HiA R
BrEE A,

2
y (1)‘ cWEA — A%
o~
-1t
E =2 \
3L 3=2.899e-7x°-0.000 241 1x*+0.045 6x-1.783
4

100 150 200 250 300 350

AEFEE/K
0.1
s 0.05] .
- w .
W OF - * . . o
#9051 . *

Ol 150 20 250 300 350
AR /K
(a) 150-1 = (1) 57 2% (F)

2
1 MBS — WAL
o o)
o
T
& 2r
3L 3=2.72e-7x°-0.000 242 4x+0.047 66x-1.761
100 150 200 250 300 350
AEFEE/K
0.1
s 0.05-
.
Wooor -
o051

'1100 15I0 Z(I)O 25IO 3(I)0 350
A i IR /K
(b) 1502w ZE (1) 55 %= (T)

E8 150 GHz7E20 CTHEMMRER ZIRINATRE
Fig.8 The calibration biases and residuals after
three-order fit of 150 GHz at 20 °C

2 2 M 2 =7 TRLIR R B — U

3
ar PR A — W
M 0'
© of
-1
E_2L
ﬁﬁ _% | 3=3.301e-7x*-0.000 303 6x+0.064 94x-2.843
= 1 1 I
90 150 210 270 330
BRIRIERE /K
0.1+
M
T
4 op
®
-0.11

100 150 200 250 300
AR /K
(a) 183-11fm = (1) 57 % (F)

3
%- cHIEH — A
o 1[
~ OF
Hd-11
E-2L
3L 3=3.032e-7x-0.000 308 7x*+0.071 2x-3.551
-4 1 I 1
90 150 210 270 330
AEIEERE/K
0.1
s 0.05F
o L)
oo
fg-0.05 L
-0.1

100 150 200 250 300
AR /K
(b) 1832w E (1) 55 %= (T)

« HE s — e

3
2[
ol
of
Mg L
B,
B[ 5=2.609-7x7-0.000 342 5540089 9x-5.03
1
9

1 1 1
0 150 210 270 330

AR E/K
0.1
o 0.05 |
e
B Or
.05
-0.1

100 150 200 250 300
(0) 1833 = (1) 57 % (F)

9 183 GHz#E20 CTHEMMRER ZRIMEKRE
Fig.9 The calibration biases and residuals after
three-order fit of 183 GHz at 20 °C

T« 25 =" TR IR E — 0 iR B2

G ER TS, Bk AT 5 IR R
FEZ R =k WA A
AT=p xT +p,XT*+p,XT+p, (12)
Fo MG R, “ R ABEAER L., X
SRR R AE 150 ~ 183 GHz [ 4% 5 — 5 . &k 5T Bl
BRASAL AR . PR, o] AR {8 3.1 ¢ 107
TR,

2013154558108 39



*6 TRERESEEANERERENZIIUS R

Table 6 Fitted coefficients between the target temperatures and their measurements

}f)ﬁ}:/GHZ IF % /K iHiE P § 2 1z )z
CHI 3.7e-7 -0.000 33 0.066 -3.1
277.18
CH2 3.7e-7 -0.000 36 0.078 -3.8
CHI1 3.4e-7 -0.000 29 0.057 -2.4
150 287.40
CH2 3.6e-7 -0.000 32 0.065 -2.8
CHI 2.9e-7 -0.000 24 0.046 -1.8
295.59
CH2 2.7e-7 -0.000 24 0.048 -1.8
CH1 2.4e-7 -0.000 34 0.090 -4.9
275.40 CH2 3.4e-7 -0.000 38 0.094 =52
CH3 3.5e-7 -0.000 50 0.140 -8.3
CH1 2.2e-7 -0.000 29 0.074 4.1
183 285.41 CH2 2.8e-7 -0.000 33 0.084 -4.8
CH3 3e-7 -0.000 41 0.110 -6.5
CH1 3.3e-7 -0.000 30 0.065 -2.8
295.57 CH2 3e-7 -0.000 31 0.071 -3.6
CH3 2.6e-7 -0.000 34 0.090 -5.0

MR FT I AT, AR 6 T — IR IUA R e
A R T AR IR U AN o A SR AR R R Y &
SR R RS T LA MWHS-3B RZk 11 TR brss:
G5 A2 R AR S e R S IE W 25 AT, AT LA
M=k WG
AT, =v,XT +0,XT* +v,x T+, (13)
K13, BB, IR 6 h =AUE REF- 1
ERIES v, 0y, v, 34 RECGE IR B 0 0 -
TEARYCGE RS o R IFIREE N5l T 7
4 WA AR PAC AR T 8 A [v] ) 72 i D, gl > 8 ik
R B2 430 55 v DR B BRI EE AR I (/T 1 KD
F, AT T An e o ) FH X e BE A, AT DA
AR R R v, , v, Mo, AEFE 8 FIE 9 E b 22,
220 (9) i =R I DTk, 75 21 [ I 2 o3 ik Y R
Flo X4 TR0 25 A0 % T AR IR TR AR IR S 1k
MYZEA TTRR o H 2 78 28 T VA %) T B2 5 8 R sl A I
AR A R, vT AT AEZR PE BTk R 0, PR I I 26 Jf
ZEWUR AR IR B DT o XA S ARV YR BRI
S 2 5 AR N IRLEE 1) — AU, sk T LIS B AR IR
BERE v, , v, o, o BEEERIE 10 R, 45
B R 6 RAFI =B REL o, , 50T LIS B AR IR IR 5
IR ZEREIE LR, P 11 PR, 3274 4R
1B TE A, 72 R U5 %) 0y B E Dk 2 X M8 1 o
FRIRAE TE 5 028 TR PR AR S S

40 HEIERE

| »=0.000 24x*+0.042x-1.3
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Fig.10 The second-order bias curve of

the target temperature
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Fig.11 The corrected target temperatures
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Table 7 The correction coefficients of the target

EX 4 v, v, Uy vy
HfE 3.1e-7 -0.000 24 0.042 -13
TEMWHS-3A #VEZ5 E b AR 2 R A u 1Y

THIA IR B T U A 3l R A 1), FEAB IR VS AR
fiZe)a 4 38) TARRME IE SR B e AL B2
B RIRA SR AT IR, SRR AR R AR L R

W Reah TRRIRB ERDS 152 AL S H
2e5 . AT, IR IRIB IE AT, u (HATPRHEZZ AR T
ZF B IR wEFREZS , WU, e A28 I I
FHEIERS , u (ER PSRRI . R 8 i) —F4a i
TR TE AR B B w (TR 25 Z TR 22 5
PIAE0.1 K PN o AHUR s A AS [l A2l P T
u fHAVALTE O , AT LUK B A28 TR IR B IE AT B0
oo (L2 R ) P e A P S g, T e fEL
AR By A — 7 B PR BE S A 3R

®8 TRIFIREXIELESHHIZNT

Table 8 The effect of target temperature biases to nonlinear parameters

J— — - Zol AR IRIRASE A *%,’}E?%W@EA Mﬁ?j\]{:ﬂ@ﬂ@

ufi iz ufti bRz /K

CHI -0.010 1 0.0009 -0.0193 0.002 2 0.05

‘ CH2 -0.016 5 0.000 7 -0.026 6 0.002 1 0.03

CHI -0.005 3 0.000 8 -0.013 6 0.002 6 0.09

120 10 CH2 -0.0102 0.000 5 -0.0192 0.001 8 0.04

CHI -0.003 2 0.000 8 -0.009 3 0.001 6 0.07

20 CH2 -0.005 8 0.000 8 -0.012 0.001 3 0.03

CH3 -0.0122 0.000 1 -0.016 5 0.000 7 -0.02

0 CH4 -0.0102 0.000 4 -0.0145 0.001 1 0.00

CHS5 -0.0199 0.000 4 -0.026 1 0.001 2 -0.09

CH3 -0.008 9 0.000 7 -0.013 4 0.001 2 0.02

183 10 CH4 -0.009 6 0.000 5 -0.014 1 0.001 2 0.02

CHS5 -0.0149 0.000 5 -0.019°8 0.001 2 0.02

CH3 -0.004 3 0.000 3 -0.008 7 0.001 1 0.04

20 CH4 -0.006 2 0.000 3 -0.010°8 0.001 1 0.04

CHS5 -0.011 4 0.000 4 -0.016 1 0.0009 0.04

4 MWHS-3B EFRE RNEIREE ST

4.1 TEFRERE

FEVMEREE , AR E bR 2Z , 2 L MWHS-3B
I (R TR S PR A SR R 22 ] B 22 AT B9,
SER BT B i B AR T 43 A A4 I F REL
{1440 P TER TR 8  PRA A S 3R A SR BER S B o

N
AT= %Z(Tm.MWHS - Tm.PRT)i ( 14)
i=1

1), T o B R BN i I 225 T RS B 1 4
S T wwns 52 MWHS-3B B 1 48 B B 7 200
BT SE , B TR S i A i S i (KO R, A i
AL IR (WINOAA 5 MWHS) , BIF Lk HLF AR
WL P

il

o

RE B TR 2 2R 00 (Ll 25 L SRR B ) —
SHL G E AR HLIR 2E MR SR 2, X SR 25
AR A ANRERSIE R SEH M IEIRMWHS-3B
TR HE A1 A% I U5 B 9 5t A (L 150 GHz
63~67, 183 GHz 4 54~63 ) 7£ 200 /414 JE 38 P ]
S - S 5 A H A2 L U5 O S A T AR
A EPRAERREE . 140, K112 45 1 10 CF 150 GHz
F1183 GHz iy SAMEIE I E bR ZE 25 K . A 1248
AILUE VB E R e R 22 2 2/ T 0.1 Ko I14h,
38 ) RS [FIRLEE T 04 i 25 P 45 51 T LR B
150 GHz 1Y 2& b fivs 22 Bt % TF 352 T & i sl /s, A
0.7 KJsizNE]0.35 K. 17 183 GHz /1Y 3 4~ 18 (1) /€ bk
i 25 22 S 450K ¢ 1831 38 3 /€ Al 25 78 0 °C AT 10 °C
FA F 1.0 K, I AE 20 CRFE/IN R 0.5 K5 182-2 38
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Fig.12 150 GHz and 183 GHz calibration biases after

target temperature correction at 10 °C

4.2 FEWHLEE
PR T DL R EA S R B R R R

N

> Vi, =V, T.~T)
R=—"" , (15)

j S, - mim _ Ty

K5, N AN SEG T XV, 4050 Bhs i
FI R PSR BRI AR S RBUE A AR
PEAE R AN B E S5 ) MW HS—3B it Fi e 5 %)
IoE A R TR B A TR A AT AR, TS B Y
LNERE, FAEE PRI A T IE IEAR B R . 280 brili
PImMZEEIE S , RRLNEE G4 R IR 9,
4.3 BWVLIRES#HE(RYEE)

NEAT J2 Wt 7 WSO AT 5800 () de /N R 4 5 T A
TRIRETT o TR OHL R GE M A 1Y) pRER, 52 PR R
AL HL A 1 P MRS 39 25 1) e R A R B U]
THEE R 75 45

I B3 S A i B R AT 1R 0 3R o0 A
B, 4331 356 U MWHS-3B K £k X6 7 P 3R R L A1
P TR 14 3 AN B RAE R o ] — Bl SR A R T
NALP S L, SR e ol s, PR S
MBI ARUEZE o R 125G 40 Bt e T V5 RIAPR Ji 5
AR BE PR 22 S IS (16) T IR A RS

NEAT = STD(R 1, = Ry )i- 11 (16)
K(16e)h,STD mbrfE iz . Bl 13 Kl 14 45 i
MWHS-3B F| = (16) 115345 21 () e A B 25
T ORI 722 05 58 P iR B2 43 BSR4 2R, T W MWHS-3B
A ACEE )R S E KA ANHEE 0.75 K

42 hEIERNZ

&9 MWHS-3B&HMEE
Table 9 Linearity of MWHS-3B

iE IF i JEE/C LML
0 0.999 994
150-1 10 0.999 998
20 0.999 999
0 0.999 985
150-2 10 0.999 994
20 0.999 998
0 0.999 978
183-1 10 0.999 977
20 0.999 995
0 0.999 988
183-2 10 0.999 973
20 0.999 989
0 0.999 956
183-3 10 0.999 937
20 0.999 964

0.75 K. 0.9K. 0.5 K 1 0.5 K, [, HL#E T
MWHS-3B WL A8 ¥& IR 2 HE R F 25 (3R
PSRV VR ) ZE AN [R) AR R IR TR B TR e e ]
UL MWHS-3B WL AR | ¥4 5 Y R A5 AR | A
JE 1, AN B R R A AR AT el AR o (FUR AR R
505 S A, JHG R A0 T 2 TR R 1 T ey
MR A& R R E Lo K 13 2R RIG L
5, B 14 R R THEIRE . R104GH A IFEET
R IIE R L
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R IREE /K
(a) 1501338
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Fig.13 Comparison of sensitivity of 150 GHz at 10 °C
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Fig.14 Comparison of sensitivity of 183 GHz at 10 °C
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44 MWHS-3B W EIRBEENT
TERTHEBE AT, 38 A iR 22 5Tk, 2 SN
AT, ={ [XAT, ] +[(1 - X)AT] + .
, ) 17
[4(x-X")AT ] +[AT] }°
fUﬂ¢ AT, N E b SRR EE S AT 2 M5 AT R
23 SE BRI AN RE M 5 AT M AR S PREC AR L ME
mmm@miﬂmdm%%m&mmxﬁm¢o
H xE X
X=(T~T)/(Ty~T.) (18)
KO8, T g w2 i
4.4.1 IR TR AT
& 15 25 5 PRT RO 27, T LUE 150 GHz
EARARRY B 4 7 F 7, BH S E & . A

10 MWHS-3B Wil [E B iR REUE FERE
Table 10 The averaged sensitivity of MWHS-3B

at different targets
——— R R B /K
WEEC 4 Wi B AR
0 0.35 0.29 0.32 0.57
150-1 10 0.34 0.28 0.31 0.55
20 0.34 0.27 0.31 0.53
0 0.36 0.28 0.32 0.56
150-2 10 0.33 0.27 0.31 0.53
20 0.33 0.26 0.30 0.51
0 0.61 0.54 0.57 0.67
183-1 10 0.58 0.51 0.54 0.66
20 0.58 0.52 0.55 0.65
0 0.28 0.25 0.27 0.36
183-2 10 0.29 0.24 0.27 0.36
20 0.28 0.23 0.26 0.35
0 0.24 0.18 0.21 0.31
183-3 10 0.26 0.19 0.23 0.31
20 0.23 0.18 0.20 0.30

SE B AR JE PRI AT 446 A, DR 1M 2 JEC BT P 728 A A ]
W E AR RS2, 5 FRELIRL BE 22 ) 1Y 25 S A K
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Fig.15 The installation of the PRTs
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i 4 A HLBHAE 1R 4 B g O T i R 2E H 76 0.7 K
BT . PR, S 5 o B A IR B S 5 S8 AR AN 22 1)
FEJFH . H, X BB T R A
TNASCOF- 35 CRR i B3~ H BEL BT Ao ¥ B L A, 5 4>
HL R 1~5 FOAEE R B A AT 2 2/9,3/9,2/9,1/9,

1/9;2 5 H B Frh A SR ) o IR 5 23151
PR TR E WL 3R 110 A UCE bRad B v, R A X 5 A
PRT M) B2~ B S PR DR AR A A
FEEAKRT 02K,

F11 150 GHz BEARTHEE
Table 11 The uncertainties of the hot calibrator at 150 GHz

IF il BE/K AR /K TP YT B /K IR P /K IR 22K AN /K
330.32 276.86 276.77 1.56 0.08
277.18
94.83 276.37 276.37 1.08 0.00
330.81 288.57 288.53 1.26 0.04
287.40
95.55 287.47 287.50 0.86 -0.03
330.71 298.21 298.23 0.69 -0.02
295.59
96.28 298.83 298.79 1.17 0.04

2)183 GHz#GERRIR. ME 15ATLIEH, 183 GHz
FE BRI B & PG, S AN PRT Z [ iR E 2 7%
ASCHSTRLRE 52 ) AN B S T 32 728 IR R TR RE 5 ) ) &

AR TRIR R e IR AN R R, XA
5150 GHz ErriIELAH R . #1245 183 GHz
PR A E ST

#12 183 GHzREARHEE
Table 12 The uncertainties of the hot calibrator at 183 GHz

IF il /K AR TR /K TRl B /K PRI PR /K BRI ZE/K AREBE/K
329.74 275.63 275.72 0.73 -0.09
274.52
91.50 276.37 276.51 1.16 -0.14
330.80 288.72 288.86 1.31 -0.14
285.41
91.95 288.26 288.36 0.96 -0.10
330.87 299.41 299.49 0.94 -0.08
295.57
95.52 299.80 299.90 1.20 -0.10

150 GHz #1183 GHz MY IRk B2 73 A7 25 5710 Ji
AT g/ 150 GHz 1) 55 FL B 32 2] TF 52 7 52 i B
i, B2 TR IR 0 T 5 5 i BELAY R T 5, T TR
T SRR TR A TEADCOC R . 183 GHz
SE BRI AR AR/, mT REE R4S B ()R
JE AR E o
442 AR IR

VIR IR AN 1 200 1 VD 2 AN R 1k
AT e 25 AN B DL 3R 13 TR 14, i B X e
BB A BEANIE F , TS T ZEAR R AR S 2 SR
—HE

44  HhETIERE

£R13 150 GHz 4 BEAREE
Table 13 The uncertainties of the cold calibrator

at 150 GHz
IF /K AR R /K AN /K

330.32 0.04
277.18

94.83 0.02

330.81 0.03
287.40

95.55 0.02

330.71 0.02
295.59

96.28 0.02




*14 183GHz A BEAWMEE

Table 14 The uncertainties of the cold calibrator

F15 FFLMIRE(KE)

Table 15 The residuals of nonlinear errors

at 183 GHz i IF R JE/C BRIEEK Bk EK

IF i /K AR PRIR /K ANHff A /K 0 0.18 -0.01
329.74 0.04 150-1 10 0.18 0.10

274.52
91.50 0.03 20 0.08 -0.01
330.80 0.03 0 0.25 0.00

285.41
91.95 0.02 150-2 10 0.24 0.13
330.87 0.03 20 0.10 -0.02

295.57
95.52 0.02 0 0.12 0.01
183-1 10 0.18 -0.07
443 FGagdE &R £ 20 0.12 002
N N N \ N 0 0.11 -0.02

B PEiR 2= R L E LM T IRIB IE R R 5%

. — s 183-2 10 0.10 -0.05
RNiRZE . MWHS-3B #VE %5 i@ bR AR 2t ¥ I 25 0 s ool
P 2s R GHR AERPEB IR, ARk 2 IR 15, . 0'30 _0'02
T2 200 G R HE 1973, BT DL gs R AR %A 1833 0 0.10 0.0
RPERsZm, RAAEL M2 %0 0.09 000

AT TETZE P BE o3 AT 45 SRR, X T MWHS-3B
LM B A B, A B2 IGE 8 150-1,150-2,
183-1.183-2 ., 183-3 ] LAk 5543 5l A M ik 0.2 K.
0.3K.02K.02KH03K .

4.4.4 AR EAEH
AR 20 (17 ) 0] LI 5 B i B A A0 T8 Bk B, 445
R 16,

%16 MWHS-3B EtrEEHER
Table 16 Calibration precision of MWHS-3B

it 1 RRERAER/K RIRERAER/K  BRAREPERZEEK R R K SEREEE/K
150-1 0.1 0.1 0.2 0.75 0.79
150-2 0.1 0.1 0.3 0.75 0.82
183-1 0.2 0.1 0.2 0.9 0.95
183-2 0.2 0.1 0.2 0.5 0.58
183-3 0.2 0.1 0.3 0.5 0.62

445 A HEEHE(AGC) IR ARG Hh
FEh, AR, 25 EE 1 AGC AR AR
B, T AR AR A A7 AT AR I R HLAAREE an
F1TFIR,
%17 MWHS-3BHIAGC £
Table 17 AGCs for MWHS-3B

REE/C 150-1/V 150-2/V 183-1/V  183-2/V  183-3/V

0 7.1 7.4 6.3 5.2 6.6
10 6.8% 7.1 6.3 5.3 6.8
20 6.6* 6.9 6.3 5.3 6.8

TE ORI AGC 8 R LMV A — [ E(E

AR SCH T AL HAE R A X R 17 Th AGC i
X IE (RSO T AR BRI, TR R A2 AGC AR I L
u (B H R AN Y, B DUl AGC R Rl 2 450 405 £
TRDTERBNAELES B A L, Bl 16 52
150 GHz 7 IF & J& 10 CTHRIG A AL B LS5 1)
5824, 150 GHz 7E IF IR 10 CFHE TR, 95 K
# 195 K,AGC %l A 71 V74V, 5HHH
AGC AJA], [ 16 Hrie 4 A2 i iy ik 22 2 A A7 i i
Y ulEBIE G ZER, AN, SR %
it 0.3 K, (HAELMEARIRAFTE
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Fig.16 The residuals of 150 GHz after correcting of

nonlinearity at 10 °C
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Fig.17 The residuals of 183 GHz after correcting of
nonlinearity at 20 °C
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Fig.18 Nonlinear coefficients of MWHS change

with IF temperatures
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