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Can you estimate CdA with TT data? .fr

the individual points, but not because bias is reduced; the effect is almost entirely ... the regression approach is caught in a trap: there's not enough â€œleverageâ€� in ... 

















 Télécharger le PDF 






 77KB taille
 13 téléchargements
 440 vues






 commentaire





 Report
























Can you estimate CdA with TT data? We know that it's possible to estimate CdA (and Crr) using a power meter and specific field tests. However, many riders who race TTs wonder whether it's possible to estimate CdA with data collected not for specific field tests but rather during races. The answer is somewhere between “maybe” and “kinda depends,” though the precision of the estimate usually isn't as good as you can get with dedicated field tests. In fact, sometimes the precision isn't the only thing at risk: sometimes the estimate you get can be flat out wrong. In particular we will examine a case where even with very good TT data collected under nearly-perfect conditions the regression method produces a poor estimate of CdA, while other methods produce reasonable results.



The data In September 2009, Andy Coggan raced the Paula Higgins Memorial Record Challenge Time Trial in Moriarty, New Mexico. He generously shared the data with the Wattage list, along with an estimate of the air density and the comment that on September 6 the conditions were dead calm. The course is a straight out-and-back, and a flyer for the 2010 race can be found at http://www.nmcycling.org/flyers/2010/RecordChallengeFlyer.pdf, which indicates that there is roughly a 30m drop in elevation from the start to the turnaround, or an average slope of less than 0.2%. That's flatter than an airport runway. Andy collected his data with an SRM Pro power meter and estimated rho (the air density) at 0.971 and assumed a drivetrain efficiency of 97.5%. Although he did not mention the total all-up mass in his post, we can estimate it at around 79 or 80kg. As noted above, the course is almost dead flat so small errors in total mass don't have much effect. Let's assume that the SRM was reporting accurately, that the wind conditions really were dead calm, and that (except for the turnaround and the initial start) Andy was able to hold his position during the entire ride. Except for the start and turnaround, Andy's speed and power were quite steady. To summarize: dead calm, nearly dead flat, little change in speed or power, air density known. Under these assumptions, how good of a estimate of CdA do various methods produce?



The simplest approach The simplest and easiest way to get a ballpark estimate of CdA is to go to a site like www.analyticcycling.com and enter some trial values for Crr and CdA until the observed average speed and power match up. Andy covered the 40K in 51:52 (nice time!) so his average speed was 12.9 m/s on an average power reported by his SRM of 268 watts. If you use the values given above, add an estimated Crr of .004, and just say the course was dead flat, you get a ballpark CdA of 0.212 m^2. Andy has had his CdA measured in the wind tunnel at 0.212 so considering the approximations made and the ease of the approach, this method has to be considered a success.



Estimating CdA with the regression method Now we turn to the more complicated regression model. A common approach combines runs in each direction, and averages the power-speed relationship over each run: when the slope is shallow and unknown, it is thought that averaging over the outbound and inbound runs will improve the estimate. Let's try that. If we exclude the initial start and the turnaround, the outbound leg was done at an average of 270.1 watts at 13.35 m/s; the inbound leg was done at an average of 263.1 watts at 12.62 m/s. The standard regression method regresses watts/v on v^2; if you do that with these data, the slope is



negative (i.e., the regression method produces a negative CdA) which is obviously not a good result: the estimated CdA is severely biased and is much, much worse than the simple “look it up on a website” method. In fact, I've examined more alternatives than this: I've examined regressions based on constant and near constant speed runs, of various lengths, both with and without averaging, both separating and combining the outbound and inbound legs. Even with only these cherry-picked data culled from



already nearly-perfect data, the estimated CdAs are almost always statistically significantly negative. The figure shows an example with one such set of cherry-picked data but you can examine other intervals and groupings yourself. If you do, you'll see that this is not an unusual or rare result even when bending over backwards to use the cleanest possible data. A statistical note: if you do the regression shown here on the means of the runs of constant speed the estimated slope barely changes, as we would expect from statistical theory. What does change is the overall goodness-of-fit and statistical significance of that slope: R^2 increases while the significance decreases – once again, exactly as theory predicts. That's because by regressing on the means, you've artificially reduced the variance in the dependent variable so you're explaining “more” of it, while the decreased sample size worsens the estimate of the slope's precision. MSE improves by regressing on the individual points, but not because bias is reduced; the effect is almost entirely limited to the variance component. Results like these may help to explain why overall goodness-of-fit isn't always a



good thing on which to judge the quality of a regresssion model. To summarize: the bias in the observed slope is not due to regressing on individual points so, when the data all coincide with the group mean, regressing on groups means won't fix it and worsens the MSE besides. With these data, using group means for the regression is getting a double whammy: the estimate may be rotten but the precision stinks, too.



Why does the regression method do so poorly with these data? Perhaps paradoxically, the main reason that regression does so poorly is because the TT was done so well. In these data, the pacing was excellent so speeds are too close together. The regression method depends on the “signal” contained in the speed-power relationship being much larger than the “noise” in the speed itself. In these data, as opposed to designed field tests, there's not enough variation in the speed to produce a signal that swamps out the other sources of bias. To clarify, those other sources of bias are always present with this approach but their effect is usually diluted and disguised so it's not easily visible. The Gauss-Markov theorem describes the conditions under which OLS is unbiased and minimum variance among the class of linear estimators. Ignoring the minimum variance condition for the moment, the key conditions regulating unbiasedness are that the errors have zero mean and they are uncorrelated with each other or the explanatory variables. Understanding these conditions shows that there are at least two reasons why the regression method fares poorly with these nearly-ideal data: omitted-variable bias and measurement error bias. In these data, combining over the outbound and inbound legs is an inadequate way to model the omitted slope, even though the course was very nearly flat and the slope is tiny. The second source of bias is measurement error: Pearson observed more than a century ago that measurement error in an explanatory variable biases the slope toward zero so this is occasionally called either “attenuation” or “dilution.” What is the measurement error in this example? Andy's SRM Pro only records speed in multiples of 0.2 km/h, e.g., you will never observe a speed of 25.1 km/h in his data. Under ordinary circumstances this bias is (almost) negligible since the signal has been boosted but in these data the signal is weak and so many other sources of error have been removed that the contribution of the remaining errors can be large. However, this serves as a foreshadowing of a larger general source of error: modeling on average speed over an interval (it doesn't apply in this case since I specifically cherry-picked constant (observed) speed data). The larger the variance around the mean speed the larger is the bias. In the first regression example above where the speed data were averaged over the outbound and inbound legs you can see the effect even though the speeds were reasonably low variance: the theory predicts that the slope in the averaged case should be flatter than in the figure shown above – and that turns out to be so. This is a well-known (though evidently often overlooked) result of the mis-specification of the regression model as it is usually implemented: it regresses avg(watts)/avg(v) on (avg v)^2. As long as avg(v^2) = (avg v)^2 (i.e., when v is constant) then there is no additional bias but as soon as E(v^2) != (Ev)^2, the variance of speed is no longer zero, v is no longer a constant, and the bias is present. As noted above, these biases are almost always present but are swamped out by wide variation in design speeds. If you examine other data sets collected for the purpose of estimating CdA using the regression method and plot the points taken during each (“constant” speed) run, you'll often see that the slopes for each run are either flat or negative. It's related to Simpson's paradox, in which incautious pooling of the data can lead to a slope over groups of data that has a different sign than for each group in isolation. In summary, combining outbound and inbound runs, error in speed measurement, and using means of grouped data each have effects using the regression approach but in designed field tests those effects are covered up (though not eliminated). For a flat TT with near constant speed and power, the regression approach is caught in a trap: there's not enough “leverage” in other data to hide the errors.



Can VE do a better job? Frankly, it wouldn't be hard: any VE-based estimate of CdA that was non-negative would be an improvement. However, Andy reported in his initial post that VE produced an estimate of his CdA during that TT that was very close to the .212 m^2 measured in a wind tunnel. A side effect of that estimate was a VE profile for the course that was better than was measured with a consumer-grade GPS receiver (which showed more elevation loss on the outbound leg than elevation gain on the inbound leg). Andy got that estimate by making a guess at the Crr and solving for the CdA that matched the net elevation change for the inbound and outbound legs but, importantly, one can also solve for both Crr and CdA using only the information given. If one matches net elevation gain not for the entire inbound and outbound legs but gain and “shape” for corresponding segments of the legs (for example, from km 10 to km 11 on the outbound leg with km 29 to 30 on the inbound leg (after making a correction for an additional few meters at the turnaround)) one gets a slightly higher Crr and slightly lower CdA than Andy's estimates (.211 vs. .212), and a net elevation change of between 32.5 and 33 meters from “high” spot to “low.” This is a robust result and it appears that the GPS elevation trace was more accurate on the outbound leg than the inbound leg. Since VE produced an estimate so close to analyticcyling.com, why would anyone bother to use it? First, VE works on other courses than this but, second, VE can provide diagnostics of lack-of-fit and estimates of precision. If you don't need the extra information you can skip the extra effort. If you do, you can rest assured that the result meets the “face validity” test.



Where does that leave us? Earlier and elsewhere, I showed that when the test course has ups and downs, and if the speed is not constant, the regression method does a poor job of estimating CdA while VE can do better. Critics have countered that flat test courses can always be found, that speed can always be controlled, and that wind is the real enemy. However, in this data set the conditions were dead calm, the route was nearly dead flat, the speed could be controlled post hoc—and the regression method failed catastrophically while both the simple “look it up” method and VE got reasonable estimates. Regression testing doesn't work well when the road is hilly, it doesn't work well when speeds are uncontrolled, it doesn't work well when there is insufficient variation across speeds, it doesn't work well on truncated subsets of the data, it doesn't work well when there's wind, and its precision isn't good when the data are incautiously grouped. The only situation in which regression testing appears to work reasonably well is when in addition to those other constraints a specific field test is run and the experimental design has enough speed range across runs to drown out errors—and it still doesn't eliminate the errors, it simply overwhelms them. VE works well under all conditions where regression testing works well, and it works reasonably in conditions where regression testing is absolutely confounded. Plus, in cases where analyticcycling.com works, VE works too.
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You can sing ... but can you swing?! 

Wai(t),.. wai(t),.. wai(t),.. wai(t)!... You... won'. be. la(te)... 3. 3. 3. 3. 3. 3... Wai(t),.. wai(t),.. wai(t),.










 








How you can help: Cards & Gifts .fr 

Dec 8, 2000 - Every year, UNICEF cards give twice... to those you love, and to UNICEF's children in developing countries by helping to provide clean water ...










 








Can you touch...? - Onestopenglish 

2 One child touches different parts of her body in time to the music. The other children sing whichever parts she touches. It works well if this is done slowly at first, ...










 








Estimating CdA with a power meter 

single out-and-back up a slight hill? yes. â—‹ twice up the same hill at different speeds and power? yes. â—‹ long residential block shaped like a â€œhalf-pipeâ€� with a ...
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can you mix tramadol with oxycodone withdrawal symptoms 

tramadol teva lp 200 giant tramadol klonopin high ... tramadol l p 100mg to g slide should tramadol be ... tramadol e morfina tramadol p dol\/owcp acs web portal.










 








Estimating CdA with a power meter 

the graphical approach makes it easy to find lap length and knowing lap ... calculations. To do that, you need to know how to do them. â—‹ ..... before the data were collected and found to be (well) within specified limits for accuracy. ..... elev.ch










 








NMEA2000 Can Data Sentences 

FD02h is the PGN number for Wind Speed and Angle Information. Byte 4 (01h) .... In this example it shows that the Wind Instrument is sending NAME. If this was ...










 








can you mix tylenol with codeine and oxycodone drug 

10 mg oxycodone percocet effects marijuana. 10 mg oxycodone withdrawal after one month till christmas withdrawal oxycodone diarrhea for a week ...










 








CAN .fr 

A copy of Motorola's Terms & Conditions of Supply is available on request. ...... A message, pending during the transmission of another message, is ...... DB2. DB1. DB0. Transmit Data segment 2 (TDS2). $002D. DB7. DB6. DB5. DB4. DB3.










 








BABY cAn I hoLD You 

Em. G. D baby, can I hold you tonight. Em. G. Bm. Baby, if I told you the right words,. A ooh, at the right time, you'd be mine. D Em,G (laisser sonner). D. I love you.










 








CDA-9883 - Alpine 

La visualisation de l'affichage peut distraire le conducteur de la conduite du véhicule et, ...... d'écrêtage), une défaillance mécanique des enceintes. (perforations ...










 








You Belong With Me 

Touch right heel forward, step right together. Touch left heel forward, step left together. 










 








With or without you 

With or without you (U2). D A Bm G. D A Bm G. D. A. Bm. G. D A Bm G. See the stone set in your eyes, see the thorn twist in your side. I wait for you. D.










 








CDA-7842R 

Mémorisation automatique des stations ............ 33. Accord d'une ... Mise en ou hors service de l'alarme d'urgence ..... 49 ...... L'appareil s'arrête sur la prochaine.










 








CDA-9883 - Alpine 

Alignez la rainure du panneau avant sur les saillies de l'appareil. 2 Poussez sur le cÃ´tÃ© gauche du panneau avant jusqu'Ã  ce qu'il s'enclenche Ã  fond dans ...










 








can you take tramadol while pregnant 

tramadol hcl 50mg treatment tramadol hydrochloride tablets ... tramadol 50 mg with wellbutrin and pregnancy ... drug interaction between zoloft and tramadol.










 








coffret audio yes you can dbid 19ud 












 








Can You Feel the Love Tonight 

CAN YOU FEEL THE LOVE TONIGHT. (as performed by ELTON JOHN). Moderately. Music by ELTON JOHN. Lyrics by TIM RICE. 1994 WALT DISNEY MUSIC ...










 








HACK-ME IF YOU CAN - Tonio Lagoule's 

Oct 27, 2015 - CURRENT AGENDA (Project card to be finalized). To protect its own Resources a hacker sets up. FIREWALLS. These Defense programs allow ...










 








Craft & technique: Can you here me now? 

some electrical work involved. nuts & bolts craft & .... work. Locate your intercom on a spot in the panel that's convenient to the pilot, and drill .... WHILE BUILDING. YOUR OWN RV ... â€¢Learn basic sheet metal construction under the supervision ..










 








CDA-9885 - Alpine 

Alignez la rainure du panneau avant sur les saillies de l'appareil. 2 Poussez sur le cÃ´tÃ© gauche du panneau avant jusqu'Ã  ce qu'il s'enclenche Ã  fond dans ...










 








where can you travel? one-country pass 

BAR. AMSTERDAM. ANTWERP. ROTTERDAM. LONDON. BELFAST. DUBLIN. WESTPORT. CORK. BREMEN. BRUSSELS. MANNHEIM. FRANKFURT. ESSEN.
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