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Introduction:  Synthetic tracking is a relatively 

new technique for analyzing CCD/CMOS images for 

moving objects such as near Earth asteroids/comets, 

collectively called near-Earth objects (NEOs). Moving 

objects like NEOs will produce a streaked image in a 

long exposure CCD image, reducing the sensitivity 

needed to detect them. Synthetic tracking uses a 

“shift/add” algorithm to stack multiple short exposures 

that “freeze” the motion of the object but allow faint 

objects to be detected in the properly stacked synthetic 

image. Synthetic tracking can improve sensitivity to 

moving objects by over an order of magnitude. A syn-

thetic tracking camera with a ~30cm telescope and 

16Mpix sCMOS sensor  at the Deep Space Gateway 

would be able to detect ~1,500 new NEOs per year, 

roughly equal to the perfoemnce all present-day 

ground-based telescopes combined. However, for some 

of the most interesting fast moving objects such as the 

recently discovered interstellar asteroid 2017U1 “Ou-

muamua”, this facility would improve our discovery 

rate by a factor of ~30 compared to all current ground-

based facilities combined. The technology is planned to 

be deployed by the USAF on its global network of 

ground based space survelance telescopes. 

Synthetic Tracking Concept: The synthetic track-

ing (ST)[1],[2] concept starts with multiple short expo-

sures. Typically ~100 of 5-sec exposure images. With 

modern sCMOS the read noise would be low enough 

that the dominant noise would be the zodiacal dust 

background. These images are thes co-added with each 

subsequent image shifted to represent an object moving 

linearly across the field of view. Because we do not 

know the velocity of the object until it is detected, the 

ST computationally tries all reasonable velocities (typ-

ically ~10,000 velocities.) This computationally de-

manding approach is made relatively inexpensive with 

the introduction of modern GPUs and FPGAs which 

offer teraflop computing perfeomnce at low cost in a 

space environment. 

Instrument description: The instrument would 

consists of a ~30-cm wide-field telescop with a 16Mpix 

sCMOS sensor with a ~2 sqdeg field of view (FOV). 

The sensor would be attached to a PC type computer 

with a GPU or specially programmed FPGA perform 

the multi-vector shift/add algorithm. Since the camera 

takes ~5 second exposure, it is desirable for the tele-

scope pointing to be stable to ~ 1 arcsec on time scales 

of 5 seconds or shorter. Because the camera takes mul-

tiple short exposures, it would not require the ultra-

high pointing stability of large astronomical telescopes. 

It would require that the telescope be on a vibration 

isolation steerable gimbal mount attached to the exteri-

or of DSG. 

Mass:  30 kg; 

Power: ~100 W (for computer); 

Volume ~0.1m3;  

Cost: most of the componets for this instuemtn 

would be commercial-off-the shelf, thus reducing the 

cost. Our estimates suggest a cost of less than $10M; 

Crew Interaction  Totally automated operation after 

initial crew setup.  

Orbit: Any orbit where the Moon does not obscure 

a large fraction of the sky. 

Other considerations.  External mounted, vibration 

isolated steerable gimbal.  

Our experience suggest that a ground based-version of 

this instrument consisting of a telescope, sensor, and 

computer may be assembled by an advanced amateur 

astronomer for less than $30K. 

Performance estimate: We can estimate the sensi-

tivity of this telescope, when used to search for NEOs 

with a nominal set of operational parameters. A typical 

observation would consists of a 500-sec integration 

consisting of 100 of 5-sec exposure images. We would 

set a detection threshold at 7.5 sec, and would be able 

to detect NEOs with a limiting magnitude of 22.2 mag. 

A typical 30 m diameter NEO moving 10 km/s with 

respect to the observatory would be detected at a dis-

tance of 0.19 AU and would move ~35 arcsec during 

the 500-sec observation. The data would be analyzed 

on board and if a moving object is detected a “follow 

up” observation would be scheduled a few hours later. 

The FOV of 2 sqdeg would be moved systematically 

across the sky to cover ~60 radius cone in the anti-Sun 

direction.  

We did a quick simulation of how such an instru-

ment would perform, using the Granvik NEO model, 

similar to a simulation we performed for a constellation 

of small satellites in solar orbit [3]. The Granvik model 

is a synthetic population of NEOs in orbit around the 
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Sun. We placed the telescope in space and systemati-

cally scanned the sky within ~75 deg of the anti-Sun 

direction. When a NEO was in the field of view, its 

apparent magnitude is calculated to determine if it can 

be detected. The simulation runs in time steps of one 

observation 500 sec and just steps through for several 

years of search. We vary parameters in the simulation 

to optimize the discovery rate, such as the maximum 

angle from the anti-sun direction, the length of the in-

tegration time etc.   

A newly detected asteroid triggers a follow up ob-

servation 1-2 hours later. This is possible if the data 

analysis is done in space at the DSG. Current NEO 

search programs take images of the same part of the 

sky ~4 times over a period of ~15-45 minutes.  A mov-

ing object has to appear in all 4 images, and move line-

arly in time over that period or it’s discarded as a false 

positive. The use of the time dimension is an important 

factor in removing false positives. Synthetic tracking 

automatically makes use of the time dimension and is 

robust against false positives, similar to the 4 image 

tracklet. 

Measuring Orbits of NEOs: Finding new aster-

oids is not very useful if they are subsequently lost. 

Currently many, perhaps most, small NEOs discovered 

are subsequently lost because there are insufficient 

follow up observations. A significant percentage of 

NEOs come close enough to be detected but only for a 

short period of time, one or two weeks. Currently with 

ground based NEO detection, ~4 observations over a 

period of ~20-25 days or more are needed to get a 

“crude” orbit that lets us “link” that set of observations 

with observations taken years or decades later. A sig-

nificant fraction of discovered NEOs are not detectable 

for ~3-4 or more weeks.  Here the orbit of the DSG 

may help in a significant way.  

Over a short span of time (hour) the motion looks 

like a straight line. The telescope only measure 2 of the 

3 coordinates of the asteroid’s position. The asteroid 

has to be followed over a ~3-4 week time frame for the 

curvature of its motion to be sufficiently pronounced to 

derive an orbit. With a telescope on the DSG, it may be 

possible to shorten this ~3-4 week period to a few days, 

by making use of orbital parallax. If the DSG were in 

orbit around the moon (not L2 or L1) that orbital mo-

tion can be used to measure the distance to the asteroid 

by using the parallax effect. Cataloging asteroid orbits 

should be a required part of detecting 90% of potential-

ly hazardous asteroids [4]. 

Interstellar Asteroids: In October 2017, the 1st in-

terstellar asteroid was discovered by the Panstarrs tele-

scope as part of its NEO search program. The closest 

the object later named “Oumuamua “ came to the Earth 

was ~0.3 AU, moving at ~57 km/s.  Interstellar aster-

oids move much faster across the sky than local asteor-

ids and as a result leave a long streak reducing the sen-

sitivity of normal cameras. Normal NEO search pro-

grams use a 30 sec CCD exposure and 2017U1 at its 

closest approach would move ~13 arcsec. This reduces 

the detection sensitivity by a factor of 13. Very crudely 

speaking Syn tracking would detect objects ~13 time 

dimer and using the current power law of # object vs 

size/brightness this would lead to increasing the dis-

covery rate by about a factor of 30. 
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