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GPS AT 50 > Critical failure that led to GPS p.49 What is wrong with GPS? p.51 GPS alternatives p. 52 AFRL tests next-gen tech p. 55

THE

INNISBISESUATRI S

> GPS IS STILL EVOLVING,

BUT THE PNT MARKET
IS CREATING NEW
OPPORTUNITIES

_ : | GPS is still evolving.
iy g 8 The PNT (positioning,

first GPS HIIF, which
introduces a regional

e B . : "~ .- nhavigation and timing)

resistance sixtyfold.

. w=="__. market is creating new

Graham Warwick Washington From precision agriculture to lunar o e
ver 50 years, the Global Positioning System has become xﬁm;f;:;‘sﬁ%g (o) p p (o) rt uni t les.

ahousehold term, simply known as GPS. Over the coming | (ireless networks, and smartphones
decades, it is likely to be subsumed into another three- | to robotics, GPS has both created the
letter acronym, PNT—positioning, navigation and tim- | PNT sector and emphasized its critical

ing—because GPS has become far more than just a pin on a map. im-i’-';,e clwc ?alue: :-Ofi gi,as':dwup“ [Mzm

1960s 1970s

1960 April | First Transit orbited 1973 December | Navstar GPS
Developed program approved
B jointly by
g DARPAand 1974 July | Timation-lIL/NTS-1 launch
y,’ the Applied After the U.S. Navy Timation and Air
i Physics Force 621B programs were merged
Laboratory into Navstar GPS, the Naval Research

"% " at Johns Laboratory’s Timation-|ll satellite was

Hopkins University, Transit was the redesignated Navigation Technology

first satellite navigation system to Satellite 1 (NTS-1). Equipped with two

be used operationally, providing rubidium atomic clocks, the satellite

accurate location information to demonstrated passive ranging.

U.S. Navy ballistic missile subma-

rines by analyzing the Doppler shift 1977 July | First signal from NTS-2/GPS

in satellite signals. Phase 1 Navigation Technology Satellite 2 2 / 1 5
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Space for Earth

Launch °

Satellite Communications

Earth Observation *
Position, Navigation and Timing *
Space Tourism *
In-Space Manufacturing *

[ ]

Point-to-point Transport

Space for Space

In-Orbit Transportation and
Servicing

In-Space Propulsion
Space Stations

Space Domain Awareness
In-Space Computing

Orbital Debris Remediation

Investment in Start-Up Space Companies
2012 to 2021, by Investment Type

Beyond Earth

Lunar infrastructure
Rovers
Energy Sources

In-Space Manufacturing
(for Beyond Earth
applications)

Mars infrastructure

Asteroid mining

'@ #15 m Venture Capital
0 m Private Equity
3 m Seed/Prize/Grant
£ $10 = Debt Financing
E m Public Offering
£ m Acquisition
b < S - N o T T R T
0
S
£ %5
E /
o
$Q | m—

2012 2013 | 2014 | 2015 2016 2017 2018 | 2019 2020 2021

ZX: BryceTech Startup Space Report 2022
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Yearly number of objects launched into outer space
This includes satellites, probes, landers, crewed spacecraft and space station flight elements launched into Earth
orbit or beyond.
World
1,600
1,400
1,200 United States
1,000
800
600
United Kingdom
400 —— China
Japan
Russia
200 Germany
France
India
0 - : . —||; European Space Agency
1957 1970 1980 1990 2000 2010 2021
Source: United Nations Office for Outer Space Affairs, Online Index of Objects Launched into Outer Space (2021) CCBY

Note: When an object is launched by a country on behalf of another one, it is attributed to the latter.
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0| 720 0|A AXN| 3Xt Wave (XX} &)

w24 0| A (New Space) 1X} Wave (21Zt/7| Xt2/c39| HE27sH )

= SpaceX (2002 A &!): Falcon 9(2010) LEOS| kg H|- €2 Long March
9| 1/2, Atlas & Deltal| 2/3 O|AF ZtAA|ZHE

» 02 @F &M NASA AL LEO Destinations T2 124

w2 0| A (New Space) 3X Wave (MZE d= tHA)

= MEHX Ol O}ZA 4, 2K Wave 7|RICERH YUSE

A 2|E et TtENY, 23 B AL A[Fe =228 =20
&4 2
H 1

ZX: Navigating the 3rd Wave of the New Space economy, Stan Crow, Oct. 25, 2023,
Space News
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S X5 =5 MA 0j2ERF= NASA (National
Aeronautics and Space Administration)

= 1914EH0| &ot 1Xt MA CHEO[A 2] &5 F7(9|
S2M8E 2450 NACA (National Advisory

Committee for Aeronautics) A &l

= 1957 22| 2152|’d Sputnik SH 2= 1958
NASA 2 E (Sl O|= A of|Lte] 4% 5 XtX|)
= 1980-90ELHe| 25 =41 5 8 25 T2 14
=y
ES
» 25| MA 19 BELF ZEO|Lt SpaceX 52
|

Disruptive 2UZF7|FO[Z| AEat 7|5 BEH A =
2l= FA
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0= 2EFEH 2T H=F (NASA HIEE)

Boeing

(1916) NASA Partnerships are found in every
state and many other countries

Goddard Institute

for Space Studies
Neil A. Armstron b
Test Faciiity. I GLENN RESEARCH CENTER
_Wallops
S AMES RESEARCH CENTER * (GODDARD SPACE FLIGHT CENTER }d @— Fiighs Famity
Falferine Johneon |- @ LANGLEY
ESEARCH
¢ ARMSTRONG FLIGHT RESEARCH CENTER NYeR N dackson || CENTER
JET PROPULSION LAGORATORY MARSHALL SPACE FLIGHT CENTER
SpaceX
White Sands @ Michoud
(2 OO 2) Test Facility * Assembly Facility
\ i STENNIS SPACE CENTER
LJOHNSON SPACE CENTER} S KENNEDY SPACE
CENTER

Lockheed (1926)-
Martin (%)

Langley Research Center (1917), Goddard Space Flight Center (1959),
Johnson Space Center (1961) 8/15



0= ST 8H = d=f (=22 Alh)

o -1 \ /| O

Lyndon B. Johnson Space Center (Houston; 1961)
= Apollo & Space Shuttle T2 13 B
= 19614 Site Selection 27X =& T Al

« O HiX|d & St ol 25 7ts, 23t 7|F, T

=2 &HE HME7| MH|£ 0|8 7ts, 7l A2 &
=32 x| Yst= EH E nE=yme=-

o 1= i — =2 = - (LA~ . '
7| 2Ko| 23X oZ o™l HEL|E|QtQ
SPERE EEHETERE

= “Our decision is that this laboratory should be
located in Houston, Texas, in close association with
Rice University and the other educational
institutions there and in that region.” (NASA 2C|
=72 James E. Webb)
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