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LITE Measurements Over Northwestern Africa, Atlas Mountains
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LITE Measurements Over West Africa

3500
I 3250
3000
2750

2500
2250

2000
1750
1500

1250
1000
750
500
250

Raw Signal (532 nm)
Altitude, Km

20° N Latitude 17° N Latitude
3 E Longitude z i
ongi Lt e 6°E Lc:ngltude

LITEBLBG] — 2

g7 7Y A L%, 19944 9 A128 (1 K475325%) G S 60RVA o B PUORTF O L X TED LR ER L
TWb, EEDHWESE U TZEROMENHNEA TIN5,



LITE Measurements Over Typhoon Melissa
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(KBTS LT, BYUB T 4Ny —ZHATELENS S, ROEERDO 7 4 L5 —-& LTI, 7
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PRI OLTIE, TARRHEOZRPBBETHS . BT, L—F—REED SO RIS TAEROYEH
BEEEND, 56, THEMANKHSHNTRAELNTBE, 5 ULy OBETRY ) ORBREIZ 1408/
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i S DBEEIHT ZBADREY (FAE—T77 1) ¥ERTALENSS . L—F— i HT 3
RO R AT BRI ISOREANSITHAESN TS, #1 0o DR, NWRESTHRHL T84T
ERUT, BEAETES, L—F -, U—F—illf), L—H—E—LAEI0, /LR DE UME
BETELELS S,
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H5,
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HRIZHE ST, WEAMEOHATHL , BHEEIEE ERT 31003, BEHAS EOKEAROMEEES
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3. AR=XSA4 5 —DEHRTHEMH

EVFRICERTTEL AR5 45— ORENISHEARETL I LA H0IC, HEMESSEA —H—
DENENT, OB ZIT » 1o, LRGN X IRFEERERTA T, AX—-X74144—0HNZ
BREBEL SUEOLKNZHBICE N/, T, MRS > TR ET B 2DIC, HBBED
BBHBEONT A Fo4 » BB MREOERBAEZ 12,

TRLE, HRE LU TRFHRARPEATRHAIED SN T SEI-104 v b TITS EIFRO eI/ E
VS ADOMBERE U, i, BRIHNE Y o—UEE (BEBEZEE4E) O 3KRITMONEICE
&, BEOHEL 1 FEHEDOBBNTZA6DET ., X510, ROWREGHEZE I,

(HijtesH)

(1) HESE 500k

(2) HEBNH 150¥LLF
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(4) HE 150kgLLF

(5) &l I BHEE TS
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FAY—DRRBEIETH Y, FLEMIIMAS7T—FERIGTAHIENTEE, 612, ER, HEBEED
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3.1

SHMSDAN—-Z 51 F—HEARD HBE

HE A%t Bt CH:
L—#—#RK (nm) 1053 1064 1064
L—#H—-Wl (m] /7L 2R) 5 0 500 500
IVARRYEL (VR D) 100 10 10
RERFROERE 0. 9 0. 875 0. 8
REC— a2 (mrad) 0. 1 0. 3 %ﬁas(ﬁﬁﬁ
SZRERERFOE (m) 1.0 1. 0 1. 1
SEEHFEDTN (m2) 0. 689 0. 67 0. 78

B BHH #E A Edin )

SRENEFREHFE (mrad) 0. 1 0. 35 0. 35 0.3 0.1
RIEAEHEBE 0. 5 0. 96 0. 48 0. 5
T4 NI HENE (nm) 0..1 >50 1 0.1
ZREHFR (A7)

p ot i g Si—APD Si—-APD PMT

Jer AR T RE 0. 02 0. 02 0. 003

F—Zhovh 100 500 1. SkepsBATF
ZEFR (7rr) |

P feak Si—APD Si—APD PMT

AR B TR 0. 3 0. 4 0. 003

R 100 100 104~1068

BRET R 0. 3 - —
REDE 20 1 {(2) 2
AESHERE (m) 100 100 100
Ko #EEE (km) 1. 5 1. 5 1. 5




#£3.2 3HNSOAR-RF A5 -REAH (EE - HBEBS) OLE

HE Att B #t: Cit
g8 (kg)
ZIiEEEE 48 49 (7—-F&H) 35
SZELER /T FR 6 5 3
EEXER 1 2.5 2
L —H— iR 10 20 ' 4
L —F—EiR _ 30 20 40
(EE=g bR 10 7 15
B 10 5 _ 7
B T 5 6 10
E L 10 30 25
R E DM 14 5 7
& &t 144 149, 5 148
HREHD (W)

L—iF—giEaR Bl 65 96 80
B % 10 10 14
R IR A 22 25 17
BIFFR 10 5 _ 31
BB AR 12 10 5
AR EF O 31 3 2
& F 150 149 149
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knDBEEGF 10053 THEKZE L MG, 660 THREDSKEICH LT IEET S, AR—25 1 5 —DH4,
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V=P ERBRDE VI DOTEE, L—¥—, SN, TA4E—75 41, F—L— bOBENS L
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4, NEFHEBEHBAAR—ZASA 5 —DEE
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LT, B4 LUIRTHBEERET S 1oL, b—H—#&8 (Lkh-T, BE) , b—¥F—r Ul
D (Lichi-T, #DBELE, V—F—E—AEH0E) OBRI, SHOERINIE T IRETERE
oIl L, ENTNOMERENL LI BREBE LT, IITRHRISSI-APDZERA L7z,

Flo, COLEOER, HBEBHEBEL LATFRTEREIILELIERMbONS, 22T, XI.2AIRIN
R3HMSDREODZNTNOPHECHRA L SHORRZDOONRTNEFERIUMADERLTH
OO T, #4. 1. 202N ENOMRLEPNSEMLLDIIE T 5,

4.2 ERRMHREOM S EFHATEEN
I REDFEMAITH 7T, ROV I ab—ia v&EEFRELL,

421 HEYIaL—2 3 &M
RTEDBRREFNVERCT, & BHCZEABTH, SALKET 2FHMETS. BER, ~v 27
5%y Fo#EW (MRAEEREBEERE (27 —) ) 2ERT 5. AKEELR, UTRTEZST,
z7a/ N, EEHOERINIGDET D, Kb, MEBEFE2M) &ET 5,

TR FORAHELLE (A= 532nm)
FEEEAGICLNIETRBICB 22— A MM Tke(E 1 km)THZDT, KA TIHELT 50
Ba(z)= 1.54x107° exp(—z/7000)

L5 A—5
S$i1= 8x/3
W RelfciF e
Ba(A)oec 271

7 u S NORAHELEE (L= 532nm)

B1{(z)= 2.4TX107° exp{~2z/2000)
+5.13x107° exp{— (z—20000)%/6000%]

Bl A—%

Si= 50

BT

Bai{d)ec 271




#4. 1] NPIREREHAR—ZA51 4 - B2
BB RRMAR
L-#—#HE (nm) 1053, /4131064
L—#—HWH (m] //5VA) 50 500
N»Xﬁhﬂt(ﬂwx/@) 100 10
EEXEROEAR 0. 85
EEY-LEHD mrad) 0. 1 0. 3
ZEEEEODE (m) 1. 0
SEEEFEDERK (m2) 0. 7
SERERETE (mrad) 0. 1 9. 3
SREEREAF 0. 5
74 FHERIE (nm) 0. 1
SREHN (7bahvrassy
et 2% Si—APD
FAR 2SR TRE 0. 02
Y¥—2sHhlL b 100
SRR (THr7)
.7 Ak Si—APD
FELSETE 0. 3
B fieag 100
BEEEEER 0. 003
BERE 20 2
$AE S EEE (m) 100
KFESFEREE (km) 1.5




#4.1.2 NEREEANR-RAT 15~ H{EARE (ERE - BEED

HHE REMLH
HE (kg)
TR EHE 48
EXRER /R _ 5
RERESR 2
L —¥—RiRdE 10
L—-¥—ER 30
E50R% 10
BER 7
LI R 6
BER 25
HERF O 7
4 Ft 150
HREH (W)

L - RiRREE ]
il 10
EE5NER 22
TiER 10
Rl , 10
BHEER £ Ol 18
& &t 150




HEEOERFHEFLE (A= 532m)
Be(z)= 3.0%x107" exp[—(z—10000)%/1500°] - for z= 9000m — 11000m
= ( ' for z= Om — 9000m R&T¥ 11000m — 50000m
BEL ST A— % |
Sc= 10
Rk EE
B<(A)cc const
Ny Z XSy FIEE (L= 1000mfHE) (FEERWFhs0E8<)
iFd ArMXE 7 ve— Féd3) o
Po= 0.043/n/nn/sr (Po=1s#4/z : lo= 0.668¥/n%/mm, A= 0.2)

BEEEZLE WEHRRTIE—F,  2EEEORFNEX LT 3)
Poe= 0.11%/m*/nm/sr (A= 0.2, ©= 16, KIBKREFH= 307)
= 0.23W/m?/nn/sr (A= 0.2, t= 128, KBAIEA= 307)

HRATF Ik HERS, FRARFIEFE IS RDOND SOERELT, §/NMTER, DTOHER X
DiTo,

S/N= n./n,'"?

= n,/(n, +n5+n,)??
Background Strato. Aerosol

--T, 40000 ] \

n A3 EABTH 0. =n, +n,+ 1) 35000

nid 7 0V ARUEBET & BRERBTH ] \\“
o2 BRI FIC & BRI TH 300004~
N AW ESL (MEEE 2 EREE LR k3 \\

LRt EFH

25000 \
20000
e, EBEREEMICEE Oknc Biga o
D& L, EBEISD L —HF—HOKELITEH 15000 \
B UL, L LSS, EBROM%HEEUE 1 \

Aijtitude {(m)

10000 >

i3, BZE0BFEEFEICHE LT 2K ]
FNEEALNEDT, BENSOHEHMLED 5000 \
SESLINBETE B EEA T, ik, BE \
TT L B HRAMEICE LTI, PEF (1995, T T e e w4
BB OF—Ficdk -7, i, MEEEERR £ & 8 & 8§ & 8
BEETILTHRES R, " Backscattering Coeff. (/m/sr)

rickh B RKEFNCHEINLHH
HELFHOBEZAE, R4 2. 1IFT, 421 YIalb—YgrifshlzTovl

SEABFHE T, BESREQ, e SIS L DR TRERA (SO




K (FREET) ARt kB33 E05, S/NiZd LOFFRICHHT S, —F, LROSBICH
WTHRLHS P EET 5 & &ITE, SINSHTFOHICHAIT S, THbE, 270/ ILH 30 RBEOHTHK
EIRES el g

4,22 YEab—-varvBRIIEIT(RATECOER

IO #EL | IR LIc RO E ST, B EZHE Ui, BT~k Hiic, L—¥F -1/
2B DI RNF—FZNICTEHODICREREATEHALZ LT, B UBRAKE (S/N) ZELAN
5, TAE—T7 T4 ZWRTZIENTEZ, Lidi->T, #. L 190280 L—F—EhHEDHRiz, =
DYIalb—varyTRENTILENS O, UTIKTTHEOKIL, SESEEWS 1000, 7KFE (FE
HEIT) AR SHEGEL)AY L Skm (HIEREH 0.28) OBADO LD TH S, K4 2. 2IZBHOD 2 >0 W EL&H
GHERE, BMEEE(r = 128)) RUEREN0OHEORHORMTO, ZEXREFH B 25HE0
B E LTI THS, /o, M4 23T NTNOEETOREDS/NE, FRRICHEOBEKE LTHNT
3, , _

Bl4. 2. 3ic i, R 10kmiZ & 5 BEOWEIZBEREBOHT, S/NK IBETITA, HBZR0ZBTHAE,
BIPHETEBI LGS, 70, TITREELTOHALD, MEREHPEBZESIICHEL T4
KASHEFHEABHEERF L T2 EEXTELXRA NI, MEFRORIK, BRBEEHIZ, BROEKE
TTbtAUERETHEINS, REEZEOREX, HEONETERIC LTI, BEZZOLODNFHE
SIHFET B,

d=100m, L=1.5km d=100m, L=1,5km
40000 : 40000 : : i .
] | [ I — S/N (Night)
1 —— Night ]
35000 e H 35000 \ — $/N (Day/Surface)
T Pay/surface \ .+ $/N(Day/Cloud)
- Day/Cloud \
30000 i 30000 \\
zsoooi \ : 25000 \ \
E : £ 3
4‘3’ 20000 é 20000+
£ ; \ : 2 ] : /
15000 . 15000 :

ﬂ : ] (-
100004 » 10000 Y
5000 \ ’ _ 5000 A Y
. N : 1 NN
0 - \ i . 0- . - \ i
0.001 0.01 0.1 1 10 100 1000 0.00010.001 0.01 0.1 1 10 100
Photoelectron Number S/N

H4.2.2 ZAR=RSA5— Il AZEES(EF M4.2.3 ARN—-RAF4 ¥tk BHIEDEFES

BABIHOOREL M LhORE S

HROED ISR CRERD, Ty iRim D HREDEOBERORIERD, THARED
o0 B HER, BBECHED B SBe0RRGHER), BEE0B 40 EM
(BRO?, 3 >O&KTOREH (HROD, 3 DR TOFHAE



RAEED 27 o/ VEOBEZ, I TEXBBIEEDOT TR, S/NOBED S BIERICBLL, L
Lgns, MO ARERBRELEDRHFNLLT 0/ UATHEEENE ET O TR IS, KESR
HE 1.5k TH HAEEE (A AEESHZVRIBELORSEREOEXDORGEL LEANE TIN5,
AR BREEI A ko & T HnE THHEINS , TOL S TBSITES/NILIT 10ERE%KZEINEZ En
o, VAT LTHENNEELE S, KABREORXIT, REEREIC BT 2%, [EMP, B, kK
R, MPHROHEERIZWT L5 A5 VE—2 2 VITBNT, BEANSSA-FD0ESTHD, A&
KRBT FNVORRBIZAN T, 207 0-—S)URMEIESHEEIA TS,

BREELT O/ 20T, SITHEARIT O/ E Ny s 755 FRTa /L) iclT 3R
'Oiﬂllidataﬁﬁ'?#:g_t L, BEEARREE 1 kn(1065), 7KSEAERAESE 300kn( 2004552 & TH & HE, S/NiZ 4
SIERREERAL, BHTHNILY 0/ NEBOHRRIE EOHEITETH S .

RIEE T o S VRPN ARBKIBRROERO L YD, Ny 77Ty KRB~ TIESITHA LT
SEIZIBMNTETH S, FAE, KBBEIT O VILNRETEL ZREETIITHENT 10~]10028E
ZLEEICR, HIREEHMREEE S TANEETRERIT o LR XN,

b, B UI(Z

FHEETE, HEBRL ¥ — L5~ il X AR ASBIS O I B3 2WE 0—BELT,
BEAFHITHICDER LT ARFTEREMOE DO TH S, TELTAH Y VERIEICBET S
EEER, KRR R 5B, SSEAFERRT AT o VAORERBNE LR ERS 1
Fm (AR—RTF A5 —) BT BRHEI 12,

BEIWAE, AR=2 747~ ICX 2 BMOBH S ERNSHATRECET 250 TH D, BHEITOL
TEBAN=R A5 =DV TV A7 LUV TORH U BIRICE - BRI & 27 ADIRELET
o720 #HIT, VAT ADREIIE I TENBHEE~OERICHE L, TS5 150kg, HBEEBH 15014 =
ELT, 361, MBI IBREICHTIMORLEEER LI,

RELHKD, TE, HERBHOSTEDTRON Y Y —AEFHMELTE YD, TR TRE/NIED 2R —
ATAT =L -TB . THICHEHLL T, BEOEFTRHALESHESHE/N) TRETETHZ - &
AR ENIT

AN—ATA T I LB 0~ NRE - 27 0/ O3 HEOBIENL, HEROSHE Y ZFLAOEHA A=
ZLDHEZRED, [UETHET L OMT - REIEETH ETHERICEERF— 4 244t 2, ZhoosH
T, NEXEHHNDLOTH-TH, TOMMBEDTH L, LML, £3%, HEREBT—205 b
THRGEH T~ 7L TR, RUKE-> TR TTF— 9 2RBT 52 E0¥ENI 60O TH S, AR
—RIAT I H->T S, RUDMEBIMO TR A KT 2 LENS S

—J, AL BEME, TOMD Sy T CEIHR) TBEE© Y~ &S OEABINE, EoO
SRIAMB AT EZOEMAMRTH ETROTERATH S, LIch-T, ARERLTRELLIAINY
RNRIBICE B RAR-AS A F—BRIIET TR, 20004 oY —EDflAShELER LS EIH
VAFLANREIELIE BRATNETH S, .

BT, FA5—HHORBIHIE L dodbh, 4l sstilbrooBmmeE LT, A/, K
EAHFDRRBADER A EMET B 1pOEFBIRARS 4 ¥ —DIAL) v X7 A0 BR xh, Bl

-= 18—



PRENDDH DS BWEEA V CEVSEOMBER, KARETHRRETH Y, RUAKLEN - EMIEE
NTHEEIADLDTH D, £/, KRERIIGAR, [BEFXMTIRKA VAT LOPT, BHIRINF—
DETFELT, FLBMEL ST HOLLT, &6, BRLEIMKDOVDESELT, 2044 - BiEE
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Lidar In-space Technology Experiment (LITE)
Overview

Introduction

The Lidar In-Space Technology Experiment (LITE) is a backscatter lidar developed by NASA
Langley Research Center to fly on theSpace Shuttle. The instrument is built around a three-
wavelength Nd:YAG laser (1064 nm, 532 nm, and 355 nm) and a 1 meter telescope. The system
has been designed to study a wide range of cloud and atmospheric aerosol phenomena from the
surface of the Earth to an aititude of 40 km. The instrument has successfully completed a ground-
test phase and is presently at Kennedy Space Flight Center awaiting launch on spaceshuttle Discovery
for a 9-day mission in September 1994. The objective of the LITE program is to better understand
the engineering processes required for space lidar and to test lidar remote sensing techniques from
orbit. To this end, a comprehensive program of scientific investigations will be conducted during the
upcoming mission.

Mission Operations

The instrument is controlled by a central processor and several distributed processors. Over 200
commands are available to configure, control, and monitor the status of the instrument. A variable
aperture stop and movable interference filters can be used to optimize the signal-to-noise ratio during
day or night portions of the orbits. PMT voltages, amplifier gains, and DC offsets may also be
varied to optimize acquisition of the lidar return signals, which have a dynamic range of 6 orders of
magnitude from the surface return pulse to an altitude of 40 km. The instrument can be reconfigured
within a few seconds. The instrument will accept commands to be executed when received, or the
commands can be time-tagged to execute at some future time. The instrument can be commanded
either from the ground at Mission Control in Houston or, to a more limited extent, by the crew
onboard the shuttle. In addition the instrument has the capability to automatically reconfigure itself
from night to day or day to night configurations, as required, as the terminator is crossed.

Science Investigations

Although LITE is primarily a technology experiment, a science team has been formed to ensure that
maximum benefit is gained from the experiment. The science team has participated in formulating the
mission objectives and experiment plan for the instrument. The atmospheric parameters to be
measured by LITEare:

Troposphere
aerosol backscatter cross-section
aerosol scattering ratio
Planetary Boundary Layer (PBL) height
PBL optical depth

Clouds
height
fractional cloud cover
reflectance/albedo
optical depth

Stratosphere



density and temperature profiles to 40 km
aerosol backscatter cross-section
aerosol scattering ratio

Stratospheric measurements are made at 532 nm and 355 nm only. A wide variety of phenomena
which occur on regional scales will be studied. Representative examples include the organization of
cloud in the western Pacific warm pool, marine stratus decks off the coasts of California and Peru,
plumes from biomass fires inSouth America and Africa, and the transport of desert dust from the
Sahara.

In addition to regional studies, global surveys will beperformed. LITE will provide a unique and
complementary dataset on the global distribution of clouds and aerosols which will complement that
provided by current orbital sensors. With the ability to detect and locate even subvisible cirrus, LITE
will provide new insights into the global distribution and structure of cirrus. By providing accurate
statistics on cloud heights, LITE can provide guidance in the development of realistic retrieval models
on which to base the analysis of routine satellite observations. LITE will also provide the first global
measurements of the height of the PBL, improving our abilities to model the coupling between the
atmosphere and the earth's surface.

Experiment Plan

LITE is scheduled for STS-64, on board space shuttle Discovery. Although LITE is the primary
payload on STS-64, there are a number of secondary payloads which must also be accommodated in
the total mission profile. LITE operations are concentrated in10 “datatakes' of 4.5 to 5 hours and
several “snapshots' lasting15 to 30 minutes. Each datatake covers roughly 3 orbits and was located in
the timeline to accommodate either correlative measurement activities or study of a specific regional
phenomenon. Two surface sites in the southwest US have been characterized and will be used to
determine the system constant of the 1064 nm channel (Reagan and Zielinskie, 1991). A certain
amount of additional surface data will be taken at low gain to allow quantitative measurements of the
strength and variation ofthe surface return signal. Surface return data will be taken over the ocean
and over a variety of land surface types.” Some of the surface return data will be taken at angles up to
30 degrees off nadir to investigate the angular dependence of the surface return.

It is necessary to verify the accuracy of the measurements made by the instrument and to make
quantitative performance assessments. The science team has designed and is leading a
comprehensive, worldwide correlative measurements program to assist in measurement validation.
This effort employsground-based, airborne, and space-based sensors.
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FA4.2.1

APDT7 & P b T 4 VTR D o= RS TC(EGRG : SPCH-AQ)

Parameter Minimum Typlca Masdmum Unis
Supply voltage: 1.5 A max., 0.8 A typ. @ 4.8 50 [R] v
Supply voltage rippie - - 50 mV rms
Case operating temperature (49 ] - 40 b
Humidlty, 16 houra at 40°C (storage) - - g8 ' % AH.
Phaton detection efficlency (PJ: =1XY -2XY | -1XY -2XY
» = 400 nm 29 190 ] 25 12 - *%
t - g% gfrg 80 30| 70 as - “%
- 40 20 | 50 25 - “%
A = 10680 nm 1.0 05|20 1.0 . %
P, variation at constant case temperature (8h) - =1 a3 "
P, vartation, 5* to 40°C case ternperajure - =2 =5 «®
Dark count &  SPCM-AQ-WIY - 1,000 2,000 counts/s
SPCM-AQ-W2Y - 250 500
SPCM-AQ-W3IY - 150 250
SPCOM-AQ-W4Y - 50 1007
SPCM-AQ-WSY - - 50
SPCM-AGQ-WEY - - 25
Dark count variation, § hrs at constant - = 1 =3 %
temperature
Dark count variation, 5° to 40°C case - =2 =5 %
temparature
Dead tme (Courtt rates below SMe/s) - XY -2XY | -IXY -2XY ns,
. 50 7Q | 60 80
Qutput count rate before saturation 10 15 - Mc/s
Departure from linearity: eas - -1% @ 200 kofs
SPCM-AQ-1XY {Linear c/s) -5% @ 1 Mc/s *
-25% _@_; Mc/s
Afterpulsing probability - -1XY “2XY | 1XY -2XY | % of count rata
{Total integrated counts) < 0.2% TBA | < 0.5%TBA
Gating tumn or/ett: On: TTL high (> 3V, < 10mAY} . 50 100 ns
Oft: TTL low (OV) h
(SPCM-AQ-WX2, WX3 only)
Single photan timing resohdtion:;
SPCM-AQ-1X1/2 - <400 s5Q0 ps FWHM
* - - 1500 2000 ps FW{1/100)M
SPCM-AQ-1X3 - TBA TBA ps FWHM
. . - TBA TBA ps PW{1/100)M
Settiing time foillowing power up (1% stabillty) - 70 100 . 8
Threshold setting required for digital output pulse Q.5 1.0 1.5 v

(Terminate in 50 ohms)
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A5 TTU

HMETEHRNREL, IFlory bTHS RIFoh 2B EE 600kgBE/ NEFRICBBIhs L —¥—
L= — AT LORHET - 1o HEEICHD S TONDE Y Y —AER 150kg, BESBH 150W&mL <,
ELMEICOSBREICHTET A =774 £HIRT S &0 BRBEH LOB LOEIFTS 5 . BBRET
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