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Abstract 

Since 1900s humans have believed in hypothetical binary asteroids with 16% of Near Earth Asteroids (NEAs) proposed to be 

binaries or 6,400 binary asteroids proposed since 1993. This research study is one of first to classify asteroids as single body 

systems and how light refraction angles-ecc similar to a 33min variance may not be sufficient to justify post-impact trajectory 

dV. This R&D would revise 600 asteroids identified and update <6,000+ binaries orbits, sizes, and estimates in databases. Study 

conducts radar, optical lightcurves analysis, time series analysis, Pixel data analysis, aberrations, and finds cloned asteroid data. 

ESA HERA $440M Mission was designed to investigate moonlet vs Didymos. This R&D Analysis may update $440m DART 

and HERA Mission, Software FSW, C&DH, TCM Orbits, to successfully image collect data of asteroids and extend Mission 

CONOPs applied to nearby asteroids objects. This research may significantly update 6,400+ asteroids in databases, telescope 

observation surveys, trajectory FSW, data analysis methods of pre-post impact orbits with new trajectories. This research could 

recover billions of dollars in operations and space missions to advance planetary science, defense, missions, and beyond. 
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1. Background 

After a Mars flyby in March 2025 and a deep space maneu-

ver in February 2026, a six-month survey of asteroid Dimor-

phos with 11.5m solar arrays is planned. Dimorphos, is be-

lieved to be "moonlet" 160m orbiting Didymos, believed to be 

780m, 2.5X taller than Eiffel Tower, orbiting Elliptical 1-

2.3AU. 

620 have been discovered multiple-system asteroids Near-

Earth Asteroids (NEAs) with 15-17% as 112+ systems Main 

Belt Asteroids (MBAs), 6% (higher for small sizes) 322+ sys-

tems. Trans Neptunian (TNO) asteroids are 20-30% theorized 

to be binaries with asteroids from [4]. 
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Figure 1. a) Example of Binary Asteroid Radar data, b and c) Dart Mission Proposed as Binary with similarity, details, clusters of cloned 

pixels similar sizes from APL DART Youtube Video, 2023. 

  
Figure 2. NEA Binaries vs Single estimates and b) Binary Asteroid Optical Data Example. 

Asteroid binaries were primarily proposed through three 

methods: Lucky Spacecraft flybys, ground-based lightcurve 

analysis measuring periodic eclipses, and high-resolution ra-

dar imaging. Ground based telescopes also noticed periodic, 

tiny dips in brightness, which were caused by one asteroid 

eclipsing or casting a shadow over the other High-res radar 

mapping (bouncing radio waves off asteroids) allowed astron-

omers to map shapes of bodies. 

The first binary asteroid system ever detected was discov-

ered using planetary radar at NASA's Goldstone tracking fa-

cility in California. Since then Arecibo Observatory has been 

a primary to discover binary asteroids. NSF funded, Cornell 

then later UCF Managed based in Puerto Rico is owned by 

NSF facility confirmed 60 multiple asteroid systems, or about 

73% of known multiple near-Earth asteroid systems. However, 

305-meter telescope collapsed in 2020 reconstructed with 

Aracebo. Ida was accompanied by a tiny moon, Dactyl, first 

proposed satellite of an asteroid. 

2. Methods 

2.1. Delay-Doppler Radar, Optical Lightcurves 

Analysis 

Doppler RF antenna works based on time delay or distance 

to the target. Delay-Doppler Map (DDM) measures the distri-

bution of echo power returned. The plotted values in the map 

(often in Watts are converted to dB for a wider dynamic range) 

are typically echo powers detected by the receiver. The power 

in Watts in Delay-Doppler pixel is determined by several core 

factors: Target Reflectivity (RCS): radar cross section SD, 

system power gain spread function or PSF Jacobian. The radar 

albedo depends on the near-surface electric permittivity of the 

target, which itself depends on the near-surface mineralogy, 

density, and the volume fraction of metals [3, 17]. 

Doppler frequency shift (velocity of the target) is based on 

Orthogonal Time Frequency Space (OTFS). First echoes to 

arrive come from the closest parts of the asteroid, while later 

echoes come from the most distant parts, which is suggested 

to measure depth and size. Delay -Doppler Domain: Maps 

channel changes into stable, separable coordinates. Radio 

transmits and records how long the echo takes to bounce back, 

as Doppler effect frequency shift can quantify relative velocity. 

Characterizing these objects, astronomers pair optical 

lightcurves with delay -Doppler radar. Radar imaging is cru-

cial for planetary defense because it enables ultra-precise 

range and velocity measurements to define near-Earth colli-

sion probabilities, Data synthesized from [12, 19]. OTFS 

maps reflections into a localized Delay-Doppler (DD) grid. 

Because the entire signal experiences the same Doppler shift, 

it eliminates Inter-Carrier Interference (ICI). OTFS is inter-

carrier interference-free and can accurately measure Doppler 
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frequencies is up to full subcarrier spacing vs OFDM limited to detecting about 10%. 

2.2. Binary Asteroid NEO Detection Analysis and Telescope Observation Methods 

   
Figure 3. a) PHA’s Detected and Observation Methods with KPI’s from Observatories i.e. Arecibo. Characterized binary (NEAs) noting 

primary facilities observatories proposing binaries from Arecibo, Goldstone in Puerto Rico, Goldston DSN Green Bank, HST, Vera Rubin. 

  
Figure 4. Radar Delay-Doppler images of NEA’s (Virkki et al. 2022). Credit: The Planetary Science Journal (2022). b) Radar Astronomy 

Delay Doppler, [13]. 

   
Figure 5. a) Arecibo vs Goldstone delay -Doppler images of Didymos obtained on 2003 Nov 14-15 .5us x .5Hz time delay downward. [8]. 

Each image is a sum of three runs, during which the primary 

rotated about 11deg in bottom and authors claim asteroid ro-

tated 17deg in top. However, note the proposed bright pixel or 

interpreted as a natural satellite remains primarily fixed static 

without similar rotation. Arecibo Speckle and Phase Noise 

(2380 MHz, 12.6 cm) and Goldstone (8560 MHz, 3.5 cm). 

Delay doppler provided range resolutions of up to 15 m/ pixel 

that placed hundreds of pixels on the primary. System has S- 

and X-band radar albedos of 0.20 and 0.30 respectively, and 

an optical albedo of 0.15 [9]. The team also assessed how 

many of these asteroids are contact binaries. Found about dou-

ble the expected number of contact binary asteroids, which are 

peanut or bowling-pin-looking asteroids with two lobes at-
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tached to each other by a neck.Conclusion came from the ra-

dar properties of binary, suggesting more of an elongated orbit 

around the sun, however, longer observation arcs may suggest 

varying eccentricities. 

  
Figure 6. a) Observation after DART Impact. Expected for 11 hr 55 min to observed new 11 hr 23 min orbit and b) Shadow Brightness 

Deviance Illustrating 160-m asteroid may not cause much change dM, dm. 

The DART mission proposes impact of Didymos in 2022 

reduced the orbital period by 30min to 11hrs 23 minutes. 

However, a 4-6% relative change in dm for apparent magni-

tude, dM for absolute magnitude does not justify orbital period 

estimates. Also considering size of rocks with 20% Dimor-

phos/Didymos. Moreover, President of the Italian Space 

Agency that built LICIACube mentioned cubesat captured 

more than 700 images from Didymos system. plumes of debris 

are assumed from white optical lines on lens in heavily pro-

cessed image from LICIA Cube optics. 

   
Figure 7. Photometric measurements (dots) from Moskovitz et al. [8] of a primary occultation (left minimum) and primary eclipse (right 

minimum) b) Comparison from Naidu, et al 2024,[9], [10], Scheirich et al. [15], and JPL 547 c) Figure. Two-body problem from Scheeres. 

Red circles (squares) show the times when the COM of Di-

morphos, or the COM shadow, entered (exited) the mutual 

event. Inset figures show system configuration corresponding 

to event start and stop times. 

To evaluate the daily frequency and structural profile of U- 

and V-shaped light flux changes in binary Near-Earth Objects 

(NEOs), we must analyze the coupling between the system's 

intrinsic orbital inclination i and its geocentric Declination an-

gle (DEC) at observation time. While the satellite's mutual or-

bital period sets the maximum theoretical event frequency, the 

instantaneous viewing geometry—defined by the asteroid's 

celestial coordinates (RA/DEC) relative to its binary orbital 

pole—determines whether eclipses are fully realized, grazing, 

or completely absent. 
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Figure 8. Observer-to-Asteroid Vector e Defined by the asteroid's current Right Ascension (𝛼) and Declination (𝛿 𝑜𝑟 𝐷𝐸𝐶) b) Asteroid 

Equations, c) Orbit angles and sun reflection vs orbit planes. C) [21]. 

cos θ = e ∙  𝑛 = 𝑐𝑜𝑠𝛿 𝑐𝑜𝑠 𝛿 𝑐𝑜𝑠 (𝛼 − 𝛼𝑝 )  

Mutual events occur if the Earth passes close enough to the 

system's orbital plane based on cos 𝜃 <. For a telescope or 

radar station to detect a daily U- or V-shaped flux drop, the 

aspect angle should satisfy the geometric boundary condition 

for at least a partial eclipse: 

cos θ < 
𝑅𝑝+𝑅𝑠

𝑎
 

V2 = GM 

V2=GM(2/r - 1/a) 

Vis-Viva Equation (Orbital Velocity) is proposed to help 

calculate scalar velocity (v) of an asteroid at any given dis-

tance (r) from the central body, where v is velocity of orbiting 

body at distance r, G gravitational constant, M is mass of cen-

tral body, r is distance between centres of bodies, and a is semi 

major axis. 

Mutual events of Dimorphous Orbit Determination total 

change of the orbital period was −33.240 ± 0.072 minutes (all 

uncertainties are 3σ) estimated from Scheirich et al 2024. We 

obtained the eccentricity of the postimpact orbit to be 0.028 ± 

0.016 and the apsidal precession rate was 7.3 ± 2.0 degrees 

day−1 from impact to 2022 Dec 2. The data taken later in 2022 

Dec to 2023 Feb suggest that eccentricity dropped close to 

zero or the orbit became chaotic est 70 days after impact. [15] 

Potential Doppler Error Sources include grid mismatch, 

range folding, noise environment interference, antenna vehi-

cle motion and other sources. Fractional delay/Doppler leads 

to grid mismatch errors, if not mathematically corrected (e.g., 

using pulse compression or joint-estimation algorithms). 

Range Folding: Echoes from a previous radar pulse can return 

after the next pulse has been transmitted, creating "second-

trace echoes" that appear to be much closer to the radar than 

they actually are. Noise / Environment errors, Clutter & Inter-

ference: Returns from the ground, sea, or atmospheric clutter 

can obscure real targets or produce misleading Doppler veloc-

ity signals. Antenna/Platform Motion involves if the radar it-

self is moving (e.g., on an aircraft, drone, or satellite), any er-

rors in estimating the platform's own velocity or pitch/roll will 

introduce systemic biases into the final delay-Doppler calcu-

lations. 

Moreover, with Although with Arecibo, Apparent Size/Ra-

dius Underestimation suggest Studies comparing Arecibo 

synthetic models to real observations show that visual inspec-

tion alone can cause radius underestimates by roughly 20% to 

45%. [20]. To execute this Radar image analysis programmat-

ically, you would typically pass the images through a speckle 

filter (such as a Lee or Frost filter) to isolate the multiplicative 

noise, and then perform a spectral analysis on the background 

regions to quantify the phase noise floor before calculating the 

residuals. 

2.3. Radar Backscatter Off Angle Collection 

Analysis, Normalizations 

Causes and solutions from potential sources of error involve 

off-angle collection. Geometric Backscatter Normalization, 

Target Reflectivity (RCS) with specialized algorithms (such 

as the OSOD or delay -Doppler processing software with 

phase alignment. 

This specific measurement geometry dictates the incidence 

angle or grazing angle at which the microwave signal strikes 

and reflects off the target surface. Depending on how the radar 

wave interacts with the target and the angle of obliquity, the 

following may be encountered: 

Off-Nadir Imagery (or Oblique Viewing): The standard pro-

cess of tilting a satellite sensor away from the vertical axis to 

broaden ground coverage, capture stereo images, or eliminate 

sun glint. [1, 2] 

Over-The-Horizon (OTH) Radar: A specialized defense ap-

plication that bounces high-frequency (HF) waves off the ion-

osphere at extreme off-nominal angles to detect targets thou-

sands of miles beyond the Earth's curvature. Geometric 

Backscatter Normalization: Raw echoes are normalized to ac-

count for the angle of incidence between the radar beam and 

the asteroid’s surface. [1] Radar Albedo Calculation: The re-

ceived signal (radar cross-section) is normalized by the tar-

get's geometric projected area to determine the radar albedo. 

This allows scientists to compare the surface roughness and 

porosity across different asteroids without being skewed by 

the object's physical size. 
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To normalize this data, astronomers use specialized algo-

rithms (such as the OSOD or delay-Doppler processing soft-

ware) to perform Coordinate Transformation: The delay-

Doppler values are projected into an asteroid-centric coordi-

nate system. This normalizes the data against the specific ge-

ometry of Earth, the Sun, and the asteroid's orbit at the exact 

time of the observation. [1, 2] Phase Alignment: By combin-

ing multiple observations taken over consecutive days (known 

as rotational phase coverage), scientists account for the chang-

ing sub-Earth latitude. 

Large-scale surveys like ATLAS and Gaia normalize hun-

dreds of thousands of observations using IAU \(H, G, G) or 

\(H, G) phase functions and shape-based inversion algorithms. 

Dataset Volume: Applied to millions of individual sparse pho-

tometric points and multi-epoch light curves (e.g., >300,000 

asteroid records) to correct for changing Sun-asteroid-ob-

server geometries. [22] Angular Deviations: Any observation 

outside the strict opposition surge region (.5-2deg) or high off-

angle viewing lines introduces considerable photometric or ra-

dar backscatter distortion. Magnitude-Phase Functions: Em-

ploys IAU-standard bi-parameter (\(H, G\) to correct to abso-

lute magnitude (H). Empirical Debiasing Schemes: Modern 

algorithms (like DePhOCUS) reduce residuals in massive as-

trometric catalogs by mapping non-linear scattering variations 

across varied viewing angles. 

 
Figure 9. Two typical high-quality delay–Doppler images of asteroids 2017 YE5 obtained using Arecibo S-band radar system (on the left) and 

2014 HQ124 from bistatic X-band (Virkki, 2023). 

Common Normalization Algorithms: 

1) Cosine-Square / Lambertian Correction: Traditional op-

tic-based approximations correcting power-drop off rel-

ative to incidence angles. [23] 

2) Angular Response Function (ARF) Modeling: Empiri-

cally or physically fitting backscatter intensity curves 

against local incidence angles to flatten range illumina-

tion biases. [23] 

3) Histogram Matching / Inverse Profiling: Normalizing 

off-nadir swaths to match a reference incidence angle 

baseline via statistical distribution adjustments. [25, 26] 

2.4. Dydmos Asteroid, Dart Mission Analysis 

DART (Double Asteroid Redirection Test) successfully im-

pacted the asteroid moon Dimorphos on September 26, 2022. 

The 610-kilogram spacecraft struck the 170-meter asteroid at 

a hypervelocity of approximately 6.2km/s. Asteroid system 

65803 Didymos (780 m-diameter mountain-sized) was be-

lieved to have a moonlet, Dimorphos. The DART mission 

from JH APl claims that the impact in 2022, reduced the or-

bital period from 11hrs 55min to 11 hrs 23 minutes, where as 

some suggest high estimat. 

  
Figure 10. DART-HERA Missions, Instruments and Orbits with analysis from a few that proposed Dimorphos with 163 m mean diameter. 
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DRACO Optimal Camera derived from the Long Range 

Reconnaissance Imager (LORRI) camera originally built for 

the New Horizons mission. The DART mission missed almost 

50% of time With 20um difference, where some at APL also 

proposed looking at a potential tertiary system Based on star 

tracker, A Photonic Mixer Device (PMD), While not the pri-

mary imager, research involving DART and similar rendez-

vous missions frequently discusses PMD (or Time-of-Flight) 

sensors to calculate distance and create depth maps, aiding in 

GNC tracking. For GNC & TT&C, engineers said they did not 

need reaction wheels. For rendezvous POD, Non maneuvers 

T-2hrs out 800km out TGO. Ejecta proposed to be from 

streamers below in images. 

   
Figure 11. HST Images from Jian-Yang Li with 63 DART Team Members, Li, 2022 and b) proposed Dimorphos Ejecta proposing thousands 

km long debris trails and a very weak, rubble-pile asteroid, (Ferrari, 2025). 

  
Figure 12. DART Images from APL who proposed Ejecta is from streamers in images vs Optics Artifacts. 

The proposed collision was believed to have ejected over 1 

million kgs (2.2M lbs) of rock and dust into space, creating a 

debris tail over 10,000 kilometers long. Rotation: asteroid 

likely entered a "chaotic tumbling" state rather than tidally 

locked However, based on Video Data, even if Two asteroids, 

exists, NEA Data Analysis suggests if traveling 6-7km/sec 

DART velocity from T-2min to Impact from Asteroid 1 to 2 

suggests a separation distance of 720km - 840km, almost half 

US East Coast distance. 

Image Orbit Impact Data Analysis. Images claimed a 10mi-

crons orbit difference and some suggest impact may have al-

tered the asteroid into a different tumble. Some claim the orbit 

shrank however, if AoA was not facing sun beta angle (based 

on optical cameras) this may suggest alternate orbits. How-

ever, the 45min object could not be resolved based on a live 

dart cam, although Dimorphos looked similar in size. With T- 

15-25min, approaching rocks with higher velocity, DART im-

pacted in a retrograde orbit. This means the spacecraft and the 

asteroid were traveling in opposite directions, resulting in a 

head-on collision at 6km/s about 11 million km out from Earth. 

With Didymos (Asteroid orbiting prograde counterclockwise), 

Left hand rule suggests thumb with solar velocity vector with 

further geometrical analysis). 

Dimorphos was initially thought to be detected with Dis-

covery Telescope (Optical) 0.65-m Telescope and with Con-

firmation Telescope (Radar) at Arecibo monitor the brightness 

of the asteroid Didymos. He noticed the periodic "dips" in 

light (the light curve) "detect" the moonlet inside that single 

dot, astronomers used a technique called Photometry (Light 

Curve Analysis). The Asteroid system appeared as one cluster 

with a small cluster of bright pixels on a digital sensor (CCD). 

After analyzing thousands of images, researchers initially in-

terpreted dRGB as occultated two bodies. By plotting this 

brightness over time, a Light Curve brightness was proposed 

to dip slightly. 
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Figure 13. Images of the debris tail of DART impact, second tail twin believed to be from solar radiation, where it’s unclear how a 2nd tail 

would form 7days later (NASA, ESA, 2022) from Jian-Yang Li (PSI), Joe Depasquale (STScI). 
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Figure 14. Light curves and colours of the ejecta from Dimorphos after Impact. 

Graykowski, et al, 2023 estimates optical observations of 

Dimorphos before, during and after the impact, from a net-

work of citizen scientists’ telescopes across the world. We 

find a maximum brightening of 2.29 ± 0.14 mag on impact. 

Didymos fades back to its pre-impact brightness over the 

course of 23.7 ± 0.7 days. [2] 

2.4. Binary PHA Analysis, Observations, 

Observatory Analysis 

First Binary asteroid Ida asteroid and its moon Dactyl as 

photograph by the Galileo spacecraft (NASA, August 28, 

1993).1993 The Flyby: Galileo approached within 1,500 miles 

(2,400 km) of Iactyl was proposed Dactyl: Measuring just 1.6 

kilometers across, the little moon orbits roughly 53 miles (85 

km) away from Ida. The Galileo probe didn’t "know" Dactyl 

was there during the 1993 flyby. It used its Solid State Imag-

ing (SSI) camera to automatically track and photograph the 

asteroid Ida. Months later, scientists back on Earth discovered 

the tiny moon Dactyl hiding in the high-resolution mosaic 

frames. Ida was proposed as 60x25x18km vs 1km Dactyl. 

Tiny moon Dactyl was discovered by Ann Harch, an assistant 

science coordinator on the Galileo imaging team at Cornell 

University. She discovered the moon on February 17, 1994, 

on August 28, 1993, NASA’s Galileo spacecraft successfully 

flew by the main-belt asteroid 243 Ida while en route to Jupiter. 

passing 1500mi from the surface. As part of a 30-frame mo-

saic designed to image the asteroid itself, this frame fortui-

tously captured the previously unknown moon at a range of 

about 3,900 kilometers (2,400 miles), just over 4 minutes be-

fore closest approach to Ida. 

   
Figure 15. Five-Frame Mosaic vs 30 Frame Mosaic (PIA00135) Purpose: Acquired at ranges of 3,057 to 3,821 kilometers (about 3.5 minutes 

before closest approach), 31-38m/pixel.30-Frame MosaicPurpose: sequence was taken a few minutes prior to closest approach.. 

The 30-36 frame sequence was designed to cover a wide 

enough area. Rellying on low gain antenna, early data trans-

missions featured only these narrow, high-resolution snap-

shots of Ida, which is why Dactyl was completely absent. The 

30-frame mosaic covered a search area roughly 6.5 times 

wider than the 5-frame mosaic to compensate for ephemeris 

uncertainties. This mosaic was structured in a grid pattern to 

account for wide positional errors (ephemeris uncertainties). 

sweeping 1.3deg x 2.2 deg or sky area of 2.86 square deg vs 

5Frame .4x1.1deg or .44 square deg. An 800x800 pixel CCD 
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sensor suggests 2.09" /pixel. Dactyl was thoroughly cross-ex-

amined across 47 separate exposures. 

 

  
Figure 16. a) PHA’s Detected and Observation Methods with KPI’s from Observatories i.e. Aracibo. 

Secondary diameter (D_s) refers to the physical size of the 

smaller, orbiting body—commonly referred to as the moonlet 

or satellite. secondary body (moonlet) typically has a diameter 

ratio of .2-.6 compared to the primary from Walsh et al. 2008 

[19]. 

Asteroid Ephemeris Data, Orbits in the MPC 

The IAU Minor Planet Center categorizes objects and is-

sues orbital elements that can be used to generate ephemerides. 

1) Object Type Definition: The MPC defines a "Minor 

Planet (Binary)" (type 1) as a "System of two asteroids 

orbiting their common barycenter". 

2) The Barycenter: When dealing with two orbiting bodies 

of comparable or somewhat different masses (like many 

binary asteroids), they orbit around a common center of 

mass, or barycenter. For binary asteroids, this barycenter 

is usually located in the space between the two bodies, 

unlike a system with extreme mass differences (like a 

planet and a small satellite) where the barycenter might 

be inside a larger body. 

3) Orbit Basis: The standard orbital elements provided by 

the MPC (like those found in the MPCORB database) 

typically represent the orbit of the center of mass (bary-

center) of the entire binary system around the Sun, rather 

than the individual orbit of just the primary or secondary. 
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Generating Ephemeris Data 

When calculating the ephemeris (the predicted positions 

over time) of a binary system, specialized tools that use MPC 

data handle the two bodies by referencing the main system and 

the specific component. Targeting the Barycenter vs. the 

Component: Tools like Miriade (which uses the MPCORB da-

tabase) can compute the ephemeris for the system, While Mir-

iade defaults to the ASTORB database, to generate high-pre-

cision ephemerides. 

Selecting the Right Miriade Endpoint 

Miriade divides its ephemeris generation into specific 

methods depending on the type of data required. For compre-

hensive asteroid analysis, three primary endpoints are used: 

ephemcc (Positional Ephemerides): Generates standard as-

trometric positions (Right Ascension, Declination, distance) 

for the asteroid's barycenter. 

ephemeris (Asteroid Satellites): Computes differential eph-

emerides for binary or multi-component systems (e.g., map-

ping a secondary body's orbit relative to the primary). 

ephemph (Physical Ephemerides): Outputs apparent as-

pects, phase angles, thermal fluxes, and visual magnitudes—

critical for modeling light curves and planning delay-Doppler 

radar imaging. 

Workflow: Modeling Light Curves & Physical Properties 

(ephemph) To correlate time-series photometric dips with 

physical geometry, the ephemph endpoint computes the nec-

essary vectors. It incorporates spin and shape models (often 

pulled from the DAMIT database) to provide sub-Earth point, 

sub-Solar point, phase angle, & magnitude. 

RPrimary(t) = RBarycenter(t) +rp(t) 

Vector Effect: The actual physical bodies are displaced by 

~85.5 km from the ephemeris coordinate, for the (The 90 An-

tiope System) which has 171km separation. For example, 

Vector Effect: The physical center of Didymos is displaced by 

only ~9.4 meters from the MPC ephemeris coordinate. For 

deep space intercept missions (like SmallSats conducting 

close flybys or kinetic impactors), treating the MPC ephem-

eris (x,y,z) as the physical target is dangerous. 

2.5. ESA HERA Mission Analysis 

 
Figure 17. Imaging and lidar surveys as well as CubeSat deployment to study the smaller of the two bodies (ESA).

This R&D Paper Mission CONOPS POD Analysis updates 

$440m DART Mission Software FSW C&DH TCM Maneu-

vers in order to successfully image and collect data of aster-

oids. ESA Hera weighs ~350 kg, and up to about 870 kg full-

fuelled. Its primary purpose is to refine Hera's trajectory so it 

precisely intersects with the Didymos system in late 2026. 

Propulsion System: Hera utilizes a bi-propellant chemical pro-

pulsion system consisting of 16 orbit control thrusters and 6 

reaction control thrusters. ESA HERA is estimated in Novem-

ber 2026 for Formal Rendezvous with DART Analysis Orbit 

Analysis (March 2026): Findings revealed the impact short-

ened the orbital period of the asteroid system by approxi-

mately 33 minutes and changed the system’s path around Sun 

by 0.15sec, confirming long-term effectiveness. 

HERA Autonomous Navigation & The Image Processing 

Unit (IPU) Data Fusion: Hera doesn't rely entirely on the 

ground for deep-space routing. It navigates the low-gravity 
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environment of the binary asteroid system using data fusion 

algorithms to combine readings from star trackers, inertial 

sensors, and lidar. HERA Inter-Satellite Links: In addition to 

communicating with Earth, the main flight computer manages 

dedicated inter-satellite radio links with two briefcase-sized 

CubeSats (Juventas and Milani). These mini-satellites are 

planned to fly closer to the surface and transmit their data back 

to the mothership. 

HERA TCMs Aerobreaking are planned after 5.6km/sec dV 

before 23mo Orbit In-plane/parking angles where 3 rear 

thrusters align dV vector for arriving ~ Nov ‘26 100-1000km 

approaching 5m/s and ECP Arrival/Hover <30km. 12m/s Arcs 

down to <5-10km Detailed survey Plan. Arriving ~ Nov ‘26 

100-1000km, with TCM2 and TCM3 60-90min small burns 

<5m/s for Helio cleanup, R&D may also impact TCMs 4-10 

on approach & POD braking. 

Data also suggests the belief of Alpha Centauri (α-Cen) A 

(Kentaurus) and B (Toliman) as a binary star is based on 1600s 

-1800s. This R&D Study expands on work from lutz, et al, 

2025 how Alpha Centauri is closer to a single star system 

based on data analysis, angular separation, trigonometry, and 

image analysis [6]. 

3. Takeaways 

1) Doppler radar, Optical lightcurves Analysis suggests po-

tential binary orbits would not necessarily cause much 

change in brightness, also considering size of both rocks 

in comparison and % of refracted light. 

2) Single vs Binary Asteroid Analysis. With 650 total bina-

ries proposed vs 30,000 singles discovered and 1.5M 

single asteroids proposed, this R&D study would update 

asteroid databases, (MPC, JPL SSD Horizons, ASTORB, 

MP3C, LCDB), R&D would revise 600 asteroids identi-

fied and up to 6,000+ binaries proposed. 

3) Asteroid Measurement Tools may include Reference in 

Image (radar, optical) to accurately determine asteroid 

volume-mass estimates vs V<x, y, z> as F(ε) → (n) 

which can be validated in space vs ground data. 

4) ESA HERA $440M Mission was designed to investigate 

moonlet vs Didymos. This R&D Analysis may update 

$440m HERA Mission Software FSW, C&DH, TCM 

Orbits, successfully image collect data of asteroids and 

extend Mission CONOPs applied to other nearby aster-

oids objects. 

5) Off-angle Data Collection with off angles >.5-2deg may 

be normalized with Geometric Backscatter Normaliza-

tion and algorithms (such as OSOD or delay-Doppler 

software) with phase alignment with Python Astropy, 

HEASoft / NASA. 

Abbreviations 

AoA Angle of Attack 

C&DH Command & Data Handling 

DEC Declination 

DDM Delay-Doppler Map (DDM) 

DDM Flight Software 

FSW Flight Software 

IAU International Astronautical Union 

NEA Near Earth Asteroid 

OTH Over-the-Horizon 

TCM Trajectory Correction Maneuvers 
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